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Standard Test Methods for Water Vapor

1
Transmission of Materials

1. Scope

1.1 These test methods cover the determination
of water vapor transmission (WVT) of material
through which the passage of water vapor may
importance, such as paper, plastic films, ot
materials, fiberboards, gypsum and plaste
wood products, and plastics. The test

limited to specimens not over
thickness except as provi
the Water
easurement of

conditions withglo
humidity on the WAgreement should not be
expecte sults obtained by different
od should be selected that more

nearly approaches the conditions of use.

methods.

1.2 The values stated in either SI units or
inch-pound units are to be regarded separately as
standard. The values stated in each system may not
be exact equivalents; therefore, each system shall be
used independently of the other.
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Combining values from the two systems may result
in non-conformance with the standard. However,
derived results can be converted from one system to
the other using appropriate conversion factors (see

Table 1).

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

2. Referenced Documents
2.1 ASTM Standards:

C168 Terminology Relating to Thermal
Insulation

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

D449/D449M Specification for Asphalt Used in
Dampproofing and Waterproofing

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

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

3. Terminology

3.1 Definitions of terms us dard
will be found in Terminology C rom wihich the
following is quoted:

“water vapor permeabilit ¢ time rate of water

a of flat material
unit vapor pressure

specified temperat

Discussl Pe
but the pe
material may be used. Permeability is the arithmetic

ity of a body that performs like a

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.

ability is a property of a material,
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3.2 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 determine the rate
of water vapor movement through the specimen into
the desiccant.

TABLE 1 Metric Units gnd Conversion

A
Factors
. To Obtain
Multiply by (same condition),
wvr
g/h-m? 1.43 grains/h-ft*
grains/h- ft* 0.697 g/h-m2
Permeance
g/Pa-s'm’ 1.75 x 107 1Perm (inch-pound
1Perm 572x10° g/Pa-s'm’
(inch-pound)
Permeability
g/Pa's'm 6.88 x 10° 1 Perm inch
1 Perm inch 1.45x10°° g/Pa-s'm

AThese units are used in the construction trade. Other uni
may be used in other standards.

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

4.2 In the Water Method,
distilled water, and the weighi

di ains

mine the rate
from the
re. The vapor

water to the controlled
i same in both

pressure differen
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grains/h-ft* 0.697 g/h-m2
Permeance
g/Pa-s'm’ 1.75 x 107 1Perm (inch-pound
1Perm 572x10°% g/Pa-s-m’
(inch-pound)
Permeability
g/Pa's'm 6.88 x 10° 1 Perm inch

My ATRAL. HesaguATFHETLRE
PP E I mmHg B Pa bt IR RE0°CHER Tt 17,

4. 248K, AR T B BGRTR K, FREH A,
THE KA@M BEN 242 KA I3 .
PRI i, KRR ZEA BRI,

AR ARAE TS SLTH )RR



ASTM E95M2015 Standard Test Methods for Water Vapor Transmission of Materials

5. Significance and Use

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

vapor  transfer  through  permeable  and

semipermeable materials, expressed in suitable units.

These values are for use in design, manufacture, and
marketing. A permeance value obtained under one
set of test conditions may not indicate the value
under a different set of conditions. For this reason,
the test conditions should be selected that most
closely approach the conditions of use. While any
set of conditions may be used and those conditions
reported, standard conditions that have been useful
are shown in Appendix X1.

6. Apparatus

6.1 Test Dish—The test dish shall be of any
noncorroding material, impermeable to water or
water vapor. It may be of any shape. Light weight is
desirable. A large, 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 dlSh shall be as large as practical

and at least 4.65 in. [3000 mm ] The desiccant or
water area shall be not less than the mouth area
except if a grid is used, as provided in 12.1, it
effective area shall not exceed 10 % of the t
area. An external flange or ledge around theghou
to which the specimen may be attachedsmi 1
when shrinking or warping occurs.

When the specimen area is lar an outh
area, this overlay upon th of error,
is overlay
ibed in 10.1 so

t area. The overlay

particularly for thick
material should be ma
that the mouth area @

material result ive error, indicating

Wilson (1) (see 13.4.3).

This type of error should be limited to about 10 to
12 %. For a thick specimen the ledge should not

exceed 3/4 in. [19 mm] for a 10-in. [254-mm] or
larger mouth (square or circular) or l/8 in. [3 mm)]
for a 5-in. [127-mm] mouth (square or circular). For
a 3-in. [76-mm] mouth (square or circular) the ledge
should not exceed 0.11 in. [2.8 mm] wide.

SENSRIE
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An allowable ledge may be interpolated for
intermediate sizes or calculated according to Joy
and Wilson.(1) A rim around the ledge (Fig. X2.1)
may be useful. If a rim is provided, it shall be not

more than 1/4 in. [6 mm] higher than the specimen
as attached. Different depths may be used for the

Desiccant Method and Water Method, but a 3/4—in.
[19-mm] depth (below the mouth) is satisfactory for
either method.

6.2 Test Chamber—The room or cabinet where
the assembled test dishes are to be placed shall have
a controlled temperature (see Note 1) and relative
humidity. Some standard test conditions that have
been useful are given in Appendix X1. The
temperature chosen shall be determined according to
the desired application of the material to be tested
(see Appendix X1). The relative humidity shall be
maintained at 50+2%, except where extremes of
humidities are desired, when the conditions shall be
100+1.8°F [38+ 1°C] and 90+2% relative humidity.
Both temperature and relative humidity shall be
measured frequently or preferably recorded
continuously. Air shall be continuously circulated
throughout the chamber, with a velocity sufficient to
maintain uniform conditions at all test locations.
The air velocity over the specimen shall be betwee
0.066 and 1 ft/s [0.02 and 0.3 m's™']. Suitable S
shall be provided on which to place the testydish
within the test chamber.

NOTE 1—Simple temperature control b =@ e is

usually made possible at 90°F [32°
desirable to enter the control

26.7°C] are in use
cyclic control, the
average test temperature
thermometer in a

chamber walls fa imen over water should not be

cooler than the wal avoid condensation on the test

specimen:

6.3 Ba and Weights—The balance shall be
sensitive to a change smaller than 1 % of the weight
change during the period when a steady state is
considered to exist. The weights used shall be
accurate to 1 % of the weight change during the
steady-state period (Note 2). A light wire sling may
be substituted for the usual pan to accommodate a
larger and heavier load.

T HE FAR B IAAE, b A E VA BUR i Joy
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6.4 Thickness-Measuring Gage—The nominal
thickness of the specimen shall be determined using

a thickness-measuring gage with an accuracy of =1 %

of the reading or 0.0001 in. [0.0025 mm], whichever
is greater.

o2

NOTE 2—For example: 1-perm [57 ngPa ‘s ‘m |
specimen 10 in. [254 mm] square at 80°F [26.7°C] passes 8.6
grains 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 and the weights must be accurate to 0.1 g. If,
however, the balance has a sensitivity of 0.2 g or the weights
are no better than 0.2 g. the requirements of this paragraph
can be met by continuing the steady state for 36 days. An
analytical balance that is much more sensitive will permit

more rapid results on specimens below 1 perm [57
1

42
ng-Pa -s ‘m ] when the assembled dish is not excessively

heavy.

7. Materials
7.1 Desiccant and Water:

7.1.1 For the Desiccant Method, anhydrous
calcium chloride in the form of small lumps that
will pass a No. 8 [2.36-mm] sieve, and free of fines
that will pass a No. 30 [600-pum] sieve, shall be used
(Note 3). It shall be dried at 400°F [200°C] before
use.

NOTE 3—If CaCl2 will react chemically on the s
an adsorbing desiccant such as silica gel, activated 00°
[200°C], may be used; but the moisture is
desiccant during the test must be limited to 4 9

7.1.2 For the Water Methodgdisti water shall

be used in the test dish.
. % used for attaching the
inderder to be suitable for this

esistant to the passage of

). It must not lose weight to,
, the atmosphere in an amount,
over the req period of time, that would affect
the test result by more than 2 %. It must not affect
the vapor pressure in a water-filled dish. Molten
asphalt or wax is required for permeance tests below
4 perms [230 ng-m’z-s'l-Pa'l]. Sealing methods are
discussed in Appendix X2.
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BERE AT
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7.1.27K3%,  MAARSLAE FH 280K

7.2 BB B IR TR e S 3 R A
NIEFNEE T, U A R K
AR FIENITERE . B R RS R
T 184 00 5 R TS T k2D B o, 7 e 2 PR e
(] P9 R 45 SR L], AR 2%. B
AR K MHRAR N KRS ). TEIE
i A T4 perms[230 ng-m s -Pa™ I, 75 i ]
PSR O . TR X2 k.



ASTM E95M2015 Standard Test Methods for Water Vapor Transmission of Materials

8. Sampling

8.1 The material shall be sampled in
accordance with standard methods of sampling
applicable to the material under test. The sample
shall be of uniform thickness. If the material is of
nonsymmetrical construction, the two faces shall be
designated by distinguishing marks (for example, on
a oneside-coated sample, “I”” 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 sides of a
product are indistinguishable, three specimens shall
be tested by the same method. When the sides of a
product are different and either side may face the
vapor source, four specimens shall be tested by the
same method, two being tested with the vapor flow
in each direction and so reported.

9.2 A slab, produced and used as a laminate
(such as a foamed plastic with natural “skins”) may,
be tested in the thickness of use. Alternatively, i
may be sliced into two or more sheets, each

separately tested and so reported as provide 9.4,
provided also, that the “overlay upon t
(6.1) of any laminate shall notg,e

mm].

9.3 When the material as used pitted or
textured surface, the teste ess shall be that of
ever, a thinner

use. When it is

slice of the slab ma as provided in 9.4.

d its tested permeance shall be not
greater than 5 perms [~ 300 ng-m'2 5! ‘Pa'l].

9.5 For homogeneous (not laminated) materials
with thickness greater than 12 in., the overall
nominal thickness of each specimen shall be
measured with an accuracy of +1%ofthe reading at
the center of each quadrant and the results averaged.

SEN#E
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9.6 When testing any material with a
permeance less than 0.05 perms [3 ng'm™>'s”-Pa’]
or when testing a low permeance material that may
be expected to lose or gain weight throughout the
test (because of evaporation or oxidation), it is
strongly recommended that an additional specimen,
or “dummy,” be tested exactly like the others,
except that no desiccant or water is put in the dish.
Failure to use this dummy specimen to establish
modified dish weights may significantly increase the
time required to complete the test. Because time to
reach equilibrium of water permeance increases as
the square of thickness, thick, particularly
hygroscopic, materials may take as long as 60 days
to reach equilibrium conditions.

10. Attachment of Specimen to Test Dish

10.1 Attach the specimen to the dish by sealing
(and clamping if desired) 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 surface, exposed to conditioned air
so that its exposure duplicates the mouth shape and
size and is directly above it. A template is
recommended for locating the mask. Thoroughly

specimen edges or any portion thereof. The

seal the edges of the specimen to prevent the
passage of vapor into, or out of, or around th@
e

assurance must apply to any part of the specime
faces outside their defined areas. Sugge
of attachment are described in Appendi

ion on
ced in the
chamber, the temperature of the w. jor t0 preparation of
the test specimen should be within +2°F}[+£1°C] of the test

NOTE 4—In order to minimize the ri
the interior surface of the sa; when

condition.

11.Procedure fg ethod

ith desiccant within /4 in.
en. Leave enough space so that
, which must be done at each

weighing, will'mix the desiccant.

11.2 Attach the specimen to the dish (see 10.1)
and place it in the controlled chamber, specimen up,
weighing it at once. (This weight may be helpful to
an understanding of the initial moisture in the
specimen.)

9.6 f£ Wl ik & & & /N T 005 perms [3
ng-m>s” - Pa  JHIMDRIN, B T B A A
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B “ @t , il e —, NgHT
RERAIIN, ANFZ AL, 2 BRI A RE %
AT EANEBAT K 25 AME R 2 B REBEAT I
B IE, Ko i 2 08 n 5e el o 75 i 18]
P T 7K 2 g A 3 38 P44 110 B T o 5 P~ 4
K, XTREREEL, RRE R R R, A EE
TSP P A T4 TA 60K

1014 22 22 K AR

10. UERE 22 25 2GR FoFse s (T B ok
B, SIS 1 1 s R 2 5R 2R
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SASIEE Y, KRR TR R A A ) T I
METEITAR S RS o @A A — AR DL A
. IR ENARE AL, B KRR A%
HAL BB AL ENEES . AU [RIRE (4 75 0
PRBE SRR A f U 78 P2 VG LA A MR AL
FEL 2 3 7R LI X2
VA IRAR LR OB AEMIRIE 9, S T S5 MEKE i 2 T
A BRIR XS, 75 2B R 2 0, SRR PR AR I 3 B
FIMIRIB L +1°C (2°F) .

L FRFIERMIRTRIE
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11.3 Weigh the dish assembly periodically, often
enough to provide eight or ten data points during the
test. A data point is the weight at a particular time.
The time that the weight is made should 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 recordings are made every day, a time to the
nearest 15 min would be allowed. At first the weight
may change rapidly; later a steady state will be
reached where the rate of change is substantially
constant. Weighings should be accomplished
without removal of the test dishes from the
controlled atmosphere, but if removal is prescribed
necessary, the time the specimens are kept at
different conditions, temperature or relative
humidity, or both, should be kept to a minimum.
When results of water vapor transmission are

expected to be less than 0.05 perm [3
S
ng'm s ‘Pa ], a dummy specimen is strongly

recommended. Such a dummy specimen should be
attached to an empty cup in the normal manner. The
environmental effects of temperature variation and
buoyancy variability due to barometric pressure
fluctuation can be arithmetically tared out of the
weighing values. This precaution permits earlier an
more reliable achievement of equilibrium condition
Analyze the results as prescribed in 13.1.

determined and judge
desiccant gain may be more
weight-gain  when the moisture Jicontent of the
specimen has chan

NOTE 5—The materials (especially wood)
may de on the a t relative humidity immediately
before the rent hysteresis results in higher WVT

and vice versa. It is therefore recommended that specimens
of wood and paper products be conditioned to constant
weight in a 50 % relative humidity atmosphere before they
are tested. Some specimens may be advantageously
preconditioned to minimize the moisture that the specimen
will give up to the desiccant. This applies when the specimen
is likely to have high moisture content or when it is coated
on the top (vapor source) side.
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WU AR/ NRTFRE — K, I ARS R BT 30s; 4
R RFRE—IR, B E SR B Al f1550 8
T o6 B B AR ik B ) S B AR AR
BEAREE, RGN —MRERES . FRERAEN
A B ZIE R S T e Qs Ar
IR T S2 I EE A TR E AN [FRLRE
AERH R BE RS I B (B B R B it . /K
ZHUNT0.05 perm [3ngm s -Pa i, EEHER
fEH S ERE . XA R DL 177 N 2R AE
S i N S 7 8 0T AV AN NG WA A R =Y L
TF IR, AT DAARHE 2 A 1 = AR A A B
AR XA fE i VR R B AT SR IA )
PEPIRAS . e R 13.1.

114 JEF AR L BT R 0 10% 0
GRIRY, BUE TR, RIS AR
BiE, AEAIT. SRR AR R L,

T 80 5 7T KT A Tl b TR 0 2

TES---FREEMBHIW VT CREAAR) g T T A48
JITAE IR AR EE o Un MR A4 Ak A BT (KA X
BELEIRI K, B8 AR H = P B RWVT, )2 IR
DRI, A AN 2R 5 X AR DN AT S L A2 50% 4
X B (0 RSP 8 A i B B B T L DL e/
MR FERETBCER T 10 A 7K 73 o IX P 32 P AE 25 7K B AT
MR R R T OKZESCHEATD AR )Z 1tk
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12.Procedure for Water Method

12.1 Fill the test dish with distilled water to a

level 3/4 i1/4 in. [1946 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 1/8
in. [3 mm] to ensure coverage of the dish bottom
throughout the test. However, if the dish is of glass,
its bottom must be visibly covered at all times but
no specific depth is required. Water surges may be
reduced by placing a grid of light noncorroding
material in the dish to break the water surface. This

grid shall be at least 1/4 in. [6 mm] below the
specimen, and it shall not reduce the water surface
by more than 10 %.

NOTE 6—For the Water Method, baking the empty dish
and promptly coating its mouth with sealant before assembly
is reccommended. The water may be added most conveniently
after the specimen is attached, through a small sealable hole
in the dish above the water line.

12.2 Attach the specimen to the dish (see 10.1).
Some specimens are likely to warp and break the
seal during the test. The risk is reduced b
preconditioning the specimen, and by clampi
the dish ledge (if one is provided).

12.3 Weigh the dish assembly and pla
controlled chamber on a true
Follow the procedure giy, . If the test
specimen cannot toler conden on the
surface, the dish assembly nop be exposed to a
n 5°F [3°C] from
inimize the risk of

temperature that d
the control atmos
en. When results of
are expected to be less than

condensation
water vapor trans

0.05 pe 3 ng:
strongly re

-Pa 1], a dummy specimen is
ended. Such a dummy specimen
should be attached to an empty cup in the normal
manner. The environment effects of temperature
variation and buoyancy variability due to barometric
pressure fluctuation can be arithmetically tared out
of the weighing values. This precaution permits
carlier and more reliable achievement of equilibrium
conditions. Analyze the results as prescribed in 13.1.

127K EBYM R FE

12. TR P g 28087, 3T B B il 1946
mm [/4 £ /4 in]. f0EREH—AER, R
IR AR KZE S — €7, B D>
AR FR I AR B 7K 2 fich 21 R A XU o X 4Rk R
SN HC BRI B E, 7K )42 Ao A A5 X R
KERAET3 mm [8in.], B (BRI R
W S AR R IR R B F 1, AT
AT 1E) AT DA BRI AT, AT EHE KR, 1
DARAR P, B — A8 o T T FE b I P A ) 2
KT, AT RARZD K e B o X AN AR TR &2
/A>6 mm [ /4 in.], FLKTTAR A A 75 B 10%.

E6——XFF K, EUCERERAF AR, T
AR, 2 B IR PR iR PR M AR T O o 2 2E R
I AR s K HorT S = N, BT DR D5 8 H A
PIn7K

12 28R 22 FEMNEAR | (101D o FRuedt

BAETRIN TTRE S, WER . BOR RS T L
S AR AL R S S B M 4l
) KB
12.3 FREIRARALIE, FEH AT CEAE 2 F
WA . 5 13,0 BORREEAT o SRR R 2
Wi, TBAN T B AMGIREE B R, TR
RALPE A B B B AE 2 MR B B 2 K T 3°C
[SPFIHUBRES. it A& RN T 0.05
perm [3 ng'm s Pa 1, HRZLHEREAEFIZS EIRE.
7 EURELLIE 37 s 246 70 2 ME b o BRI e
HIAR AL KR 7 S ST A, T LU
% EURE R AR E3N . AT
RUFEE, F kS TAORA . SH AR
13.1,
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12.4 Where water is expected to be in contact with
the barrier in service, proceed as in 11.3 except place
the dish in an inverted position. The dish must be
sufficiently level so that water covers the inner
surface of the specimen despite any distortion of the
specimen due to the weight of the water. With highly
permeable specimens it is especially important to
locate the test dish so that air circulates over the
exposed surface at the specified velocity. The test
dishes may be placed on the balance in the upright
position for weighing, but the period during which
the wetted surface of the specimen is not covered
with water must be kept to a minimum.

13.Calculation and Analysis of Results

13.1 The results of the rate of water vapor
transmission may be determined either graphically
or numerically.

13.1.1 Dummy Specimen—If a dummy specimen
has been used to compensate for variability in test
conditions, due to temperature or barometric
pressure, or both, the daily recorded weights can be
adjusted by calculating the weight change from
initial to time of weighing. This adjustment is
reversing the direction of the dummy’s weig
change, relative to its initial weight, and modifi

ticular for tests of long duratio
weighings, is to subtract t an slope
specimen
f each similar
specimen to get a f weight change.
These procedures_are ‘also dgsirable if the specimen

is changing wdightddue %0 a curing process while

under test.

Analysis—Plot the weight,

against elapsed time, and inscribe a curve that tends
to become straight. Judgment here is required and
numerous points are helpful. 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), a nominally steady state is
assumed, and the slope of the straight line is the rate
of water vapor transmission.

12.4 A A ESROK S PR E B, #f
MM EE, Hedk 113 #84E. K2 K
1, UK s e AR, BME R K E )
7= AL B A AZ o R ) BB (R T8O L AR
U2 A it LURLRE AR5k P I 22 2 e £ AP IR
Ko MAAMFTLLIES A E HRIET) ERF
EARE, AR BRI AN 55 /K R TR 0 ER
R (B IR

BERTES SR
13 17K ZE B R 45 R n] R B Hv ok
B

13,1175 AR - SR A 2 R SR A% Pl T
JERR AR I SR M BT R4, B RIdF
(i 5 AT DU T A S R AR
SRR K R E AN TR E R AR R
WA, AR5 P M URA TF [R)— B 18] 1 4 3% R
e E . XA AL AT DLEE RLPEIA B P 5% 1
—ANALIE T, R K DA I ] AN i 6
UORE RS, AT DL ML I SR 2
R ET AREREARF SRR, NmREa
R E B A AR DA I R 2 T 7 A
AR, X R AR L

131 23R M-l — 2% L I A 2k, 1B
T—%H%ZL. EREANTAMEIE (WRAEEA
FE IELR MR Ko BRI 7R, B
EZ RN R 3=k 2 VN E L pr ]
Bl CEWIPREREER, 20%I8F| 83 R
FREE1001%) , BEIFIABIEEATRE FRAS, HEI
FERHIR KA REL R,
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13.1.3 Numerical Analysis—A mathematical least
squares regression analysis of the weight, modified
by the dummy specimen when used, as a function of
time will give the rate of water vapor transmission.
An uncertainty, or standard deviation of this rate,
can also be calculated to define the confidence band.
For very low permeability materials, this method
can be 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.

13.2 Calculate the water vapor transmission,
WVT, and permeance as follows:

13.2.1 Water Vapor Transmission:
WVT=G/tA=(G/t)/A @)
where:

In inch-pound units:

G = 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

WVT = rate of water vapor transmiSsi
grains/h-ft’.

In metric units:
G = weight change (from the s t line}y'g,
t =time, h,

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

A = test area (cup a), m%, and

WVT =rate por transmission, g/h-m”.
13.22)Permean
Permean T/Ap=WVT/S/(R|-R;) (2)
where:
In inch-pound units:

Ap = vapor pressure difference, in. Hg,

S = saturation vapor pressure at test temperature,
in. Hg,

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

13.1.3 Bl 43 #r--- B die /s 3R [l VA TR 05 05
ST E - R A, RIS HKEREE R, H
hE EA S ARERE (RE T AR . KES
B E B, BeE AR ZE , WRETHE R,
o LEEXIE . ST REEE MR, 28T
30-60 RIMHATFFH REZLN 1mg 15047 RFFR
o X FOTERERE IS LK RSB &, /)
BB L 6.3 TR 100 5 REE.
X LR RE AR R 7 VELE T B

13.2 HH/KESRBLERE WVT. B EME .

13.2.1 KESELH
WVT=G/tA=(G/t)/A (1)

Hrp.

il B

G =/ =AM, grains (JF H B ZK),

t=Gr= AR BRI, h,

G/t= HZIMRIE, grains/h,

A= DRRTER G DERD , £,
WVT=/K#AEILH, grains/h-ft,

D B .
G=RE% FEHEZ , g
t :HTJ» I‘Eﬂ ) hy

G/it= HLZMFEE, gh,

A= MRRIER G TR AD |, f/5
WVT=/KF#EAELH, ghm’

13.2.2 Fid &

#Ei = WVT/Ap=WVT/S/(R;-R;)  (2)
o,
B BAL 2

Ap= JKZES 5K 2%, in. Hg;

S = WEIEEE T BAKZES SR, in. He,
R=FE K 2 IR A RHRE , L E 2 B kiA
CFEFNE IR PR, ARKVE AR P 1)
AR R )5



ASTM E95M2015 Standard Test Methods for Water Vapor Transmission of Materials

R, = relative humidity at the vapor sink

expressed as a fraction.

In metric units:

Ap = vapor pressure difference, mm Hg (1.333 x
10° 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.

13.2.3 In the controlled chamber the relative
humidity and temperature are the average values
actually measured during the test and (unless
continuously recorded) these measurements shall be
made as frequently as the weight measurements. 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 ngPa'-s-"'m?] when the require
conditions are maintained (no more than 10 9
moisture in CaCl, and no more than 1 in. [2

air space above water).

13.3 The calculation of permeabilit
and can be done only when the t

homogeneous (not lamina
in. [12.5 mm] thick, calculate i
permeability as follows:

ance XThickness (3)

is important that all
jons be made to all measurements

that result in eance value more than 2-perm
a2
[114 ng-Pa -s -m ]. Corrections for materials with

permeance value below 2-perm [114 ng-Pa 1-s 1m?)
are insignificant and need not be done (2). The
procedures for making various corrections, as
summarized below, are found in the literature. (2, 3,

4,5, 6)

Ro=1UFF (17K Z& SRR R E , DLE 70 B0k
& CRERFNZ AR AR, Kk
M = A AR
O Il B

Ap= K&y EZ, in. Hg(1.333 X 10°Pa);

S = WARXEE FHMMAKES D E, in
Hg(1.333 X 10°Pa),
Ri=IRFE Ee M Rl =, KikR

WA D AR, A 08ERE,
Ro=1AFE AR CTIRFRE A A, K%
HFONINRE D AR, B8Rk,

13237324 % Y, i AR X B2 o ik i
T A ) S Bl B P 28 CBR AR R IE 40D .
TR B SRR B — RS o MR A R AR X
FEFET 1N 0%, TE/KIZERT H100%. 7R
% 1 EHIK T4 perms [230 ng-Pa-s-'-m™] HE K (1)
MBS (CaCl IR 10%; A 7K T PR s i A
ANEEE25 mm [1in.]) REORIFI , X LB I 5L
o (R AF X I B A 223 % LA A

13.3 iEi RETHE T, BACHIRFE R R (IR
S8 REEAET 12.5 mm [ 2 in] A4 T H#EAT
THEAPIE S R80T

Average permeability=Permeance XThickness (3)

13.4 fEIE--X) T4 R i s i
ng-Pa s m JHFTA ML, Fﬁﬁ%%ﬁﬁ%@ﬂ&i
) % T RAE T 2-perm [114 ng- Pa s m ]
RIRPELR B, BIEREE, FALEIEQR). F
] 4 45 1 % RS IE J7 2 O AR, AT A SC
(2,3,4,5,6)H 4K F

2-perm [114
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13.4.1 Buoyancy Correction—The duration for
one set of measurements can be many days or weeks.
The atmospheric pressure may significantly change
during such periods. If the test specimen is highly
vapor resistant, the changes in mass due to vapor
transport may be overshadowed by the apparent
gravimetric changes observed. In such cases, all
gravimetric data should be corrected to vacuum or
any base line pressure. The following equation (3)
can be used for buoyancy correction.

&zl_i_pa(pl_pz) @)
m, PPy = P,)

where:

m,= mass recorded by balance, kg,

m, = mass after buoyancy correction, kg,
. . _3
p, = density of air, kgm ,

p, = density of material of balance weights, kg
3
m , and

3
p, = bulk density of test assembly, kg m .

13.4.1.1 The density of air can be calculated
using the ideal gas law for the measure
atmospheric pressure and ambient temperature

13.4.1.2 The buoyancy correction is important (7)
when measured mass changes are in t [
to 100 mg.

13.4.2 Corrections for Still Air

material is
highly permeable, these “Corrections are more
significant. With
layer in the cup, the
can be calculated

P 1.81 s
273.15) ©

where:

S
9, = permeability of still air, kg'm s -Pa ,

T = temperature, K,
P = ambient pressure, Pa,

P, = standard atmospheric pressure, that is,
101325 Pa, and

13.4.1 B IE--— BN R R AT PARFZE L
REUE . AENKIIR R UE Al e R & 24
U SRR A i BRI 1, DRK 280 i i 77 A 1Y)
Jo AR R REAROUL 2 3] 1) S5 35 B AL BT A
BB, BT R B S A I B A e e — 2
#EE . T3 MTEAEIE:

m _ PP py)

4)
m, 2Py = Pa)

k.
m= KTCRNFRE, ke
m,= FIEERHRER, ke,

b= FTRERHMRIEE, kgm
p,= WRARELLE AR, kgm -

13.4.1. 17555 5 a] F 2 i SR J3 FEREs
AR B AR S AR A 5

13.4.1.2 24990 31 (1) i &= B AE0-100mg LA A i
FIEIEREE,

13.4.2i 11253 53R 2 T A BEB#AZ 1 -1 5
WRA RSB TN, XEBIEREE, &

HTRAR N B S SZ R, 7K 28R
Pzt (4)its.

2306x107° P T
* RTP 273.15

Hr:

4o
8,= FHETAHEL R#E, kgm s Pa,

)1.81 (5)

T= ﬁ%‘lga K,
P= ﬂ:t%}___'ijj’ Pa,
P,= PR, RI101325 Pa,
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R, = ideal gas constant for water, that is, 461.5

a4
J’K kg .

13.4.2.1 In the absence of any measured data, the
surface resistances (that is, inside and outside
surfaces of the specimen) may be approximated
using Lewis’ relation.(5) For cup methods that
follow this standard, the total surface resistance
;
(Hansen and Lund (6)) should be =~ 4x10
204
Pa-s'm kg .
13.4.3 Edge Mask Correction—The following
equation (Joy and Wilson(1)) is to be used to correct
the excess WVT effect due to edge masking:

400-t 2
Perc excessWVT= ?1 log, (W)
(6)
where:

t = specimen thickness, m,
b = width of masked edge, m, and

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

(92
o

N w Y
o o o
T T T

CHANGE IN MASS, g
=
o

o

G.1

13.4.3. thegeup assembly includes any edge
masking this ection shall be made.

13.5 Metric units and conversion factor are given
in Table 1.

13.6 Example (in SI unit)—In a desiccant test on a
sample of medium density glass fiber insulation the
following results were recorded.

Thickness of the specimen = 25.81 mm
Test area = 0.01642 m2

Mass of the test specimen = 20.44 g

-1 -1
Ry =/KH B ARG REH 4, 461.5 1K kg -

1342 1 Ta/ DS AR, R E G
A AhETHD AT Lewis' A (5) {55, %
MEARFREIA 3%, 2 (3R M BEB% & (Hansen and

7 2
Lund (6)) #£J°44x10 Pa's'm kg o

134304 EE1E-- F X (Joy and Wilson(1)) T
1B IEI & 5= AN K RS E i &

Perc excessWVT= 400 log, ( _2(2ﬂb o)

75, l+e

(6)
Hr:

tziﬁﬁ@}g1 m,
b: iﬂ%%ﬁ}g, m
Sy =PI/ EEK,  m.

50
[-)]
@ 40
<
= 30}t
=
-
w 20 +
T]
w0}l
X
Q
0 L 1 1
0 50 100 150 200
TIME, h
1

13.4.3.1 QR AL RAE 7% R, A
AT IE
13.5 Al BALAHAE REAER | hagih.
13.6 1] (S i) AL )--— A o 467 285 8 5 3 21 4E KR
A BERE i TR ANE A, Rl sk R .
FEALIKJERE =25.81mm
MR =0.01642m”
RAERE =20.44¢
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Mass of the desiccant =554.8 g

Initial mass of the test assembly = 1.257810 kg

Thickness of air layer in the cup = 15 mm

Fih

B

=554.8¢g;

MR HYILE & =1.257810kg

MWEZIEE =15mm

Elapsed |Mass of [Change | Chamber [Chamber |Barometric
Time |the Test in  |Temperatur | RH Pressure
(h) Assembly | Mass mm Hg

@ @ | O | %) | (P

744.7

0.000 |257.810 | 0.000 22.83 52.60 (99.27)
741.11

6.067 |259.469 | 1.659 22.84 52.6 (98.79)
744.41

26.633 |264.609 | 6.799 22.78 52.2 (99.23)
743.21

53.150 |271.062 [13.252 22.82 52.1 (99.07)
757.69

143.767 1290.773 [32.963 22.74 52.2 (101.00)
749.81

168.283 1296.389 [38.579 22.78 52.1 (99.95)
758.44

192.883 1301.953 144.143 22.78 52.1 (101.10)

Wik [FAUT R | W | W | K
S I L B I H
(h) (® (® (°C) %) nEka S)g
0.000 |257.810 | 0.000 | 22.83 52.60 (92‘.‘;‘-77)
6.067 |250.469 | 1.659 | 22.84 52.6 (79‘:31.-7191)
26.633 |264.609 | 6.799 | 22.78 52.2 (79?'2%
53.150 |271.062 [13.252 | 22.82 52.1 (79453.)627%

143.767 |290.773 [32.963 | 22.74 52.2 (170517.6%?

168.283 |296.389 38.579 | 22.78 52.1 (79‘&853

192.883 |301.953 [44.143 | 22.78 52.1 (1705’ff(';)'

13.6.1 Buoyancy Correction—As mentioned in
13.4.1, the buoyancy effect will be insignificant for
this set of readings as recorded changes of mass are
all above 100 mg. However, for example, the
corrected mass of the test assembly weight 1257.810

st
g (1 reading) can be calculated using Eq 4.
3
m,; =mass recorded by balance, kg=1257.81x10 kg

P = Barometric pressure, Pa =99.27 x 103 Pa

R = Gas constant for dry air = 287.055 J / (kg-

T = Chamber temperature = 22.83 + 273.1
p, = density of air, kg m =P/

3
p; = density of material of balance s, kgm =8000 kg
3

m

3
m,=mass after buoyancy correction=1258.8x10 kg

13.6.2 A graphic analysis of the data, according
to 13.1.2 is shown in Fig. 1.

13.6. 1V B IE-- 134 15T, M43 r)id ik
i B AL MR 100mgl, V1B IE AT
EI . NI A PR N1257.810 g
(E—UFE) FBIEAAR (4 HitsE.

my =R RO R T, ke=1257.81x10 kg

P= KAJES), Pa=99.27x 10 Pa

R= TEESMAEEF L =287.055T/ (kg'K)

T = PRI E=22.83 +273.15=295.98 K

po= BAENE, kgm =P/ (RT)=1.1684 kgm"

pi= FOFFH CBERD) (085%, kem =8000kgm

hi = WARALPE IR, m=447%10 m

dl = PR E R, m=168.0x10" m

s - 3
pr = MM AL, kgm
4xm, 3
= ——— —=12694kgm
zxd; xh,

_ - -3
my={F JIEIE G I #=1258.8x10 kg

13.6.2 M#E13.1.2, HEERHrEdE, wE1Ar

7No
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13.6.3 A linear least-squares analysis of the data
according to 13.1.3 gives the slope of the straight
line as 0.225+0.002 g-h™', with a linear regression
coefficient > 0.998.

WVT =0.225 g-h"/0.01642 m?
=19.595 grains-h™'-ft

~3.81 x 10° ng'm?s”!

S=2775.6 Pa
R;=0.523
R2 =0

Permeance = 3.81 x 10°ng-m™?-s™' /(2775.6 Pa x0.523)
=2630 ng'm™>-s"'-Pa’!
13.6.4 Corrections for Resistance due to Still Air and

Specimen Surface:
Permeability of still air layer (Eq 5)

_5 = 2.306x107°x101325 22~5+273-15)1A31
® 461.5%(22.5+273.15)x99860 273.15
=198 ng'm”s™-Pa’!

Permeance of 15 mm still air layer
=(198)/(0.015) ng'm™>s™"-Pa’!
= 13200 ng'm™>s"-Pa’!

Hence, the 15 mm air layer offers a vapor resistance @
=1/(13200) m*s-Pa-ng”
~7.6 % 10" m*s-Pa-kg’ Q

Surface resistances (see 13.4.2) &

~4.0 x 10" m*s-Pa-kg’’

Total corrections for gesis ue to still air and specimen
surface

=(7.6x10"+4 / a-kg!

13.6,5 Edge M rection—The test assembly
used do any edge masking. However,

cludes an edge mask of width 5
mm correction'1s to be made (see 13.4.3).

t = specimen thickness, m =25.81 x 10 m

b= width of masked edge, m =5 x 102 m

Test area = 0.01642 m?

Perimeter = 0.4541 m

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

_ 4x0.01642
0.4541

=0.1446m

13.6.3/R49513.1.3, FHL MR/ ikt Hdls
25 B2 A 2R VE B 90.225+0.002g. 7, £ (]
AR HCKT0.998.

KFEAELHR (WVTR) =0.225 g-h'/0.01642 m?

=19.595 grains-h™'-ft?

~3.81 x 10° ng'm?s”!

S=2775.6 Pa
R;=0.523
R2 =0

KFEAELE =3.81 x 10°ng'm?-s"/(2775.6 Pa x0.523)
=2630 ng'm>-s"-Pa’!
13.6.4 #1873 S5 iR 2 T 1) BELRG & 42 1

# b =S E I R EU(Eq 5)

_5 = 2.306x107° x101325 22~5+273-15)1A31
® 461.5%(22.5+273.15)x99860 273.15
=198 ng'm™s™-Pa’!

15 mmif 1B SR K ERIE L &
=(198) / (0.015) ng'm™>s™-Pa’!
= 13200 ng'm™>s"-Pa’!
T, 15 mmi k22 BB RS
=1/(13200) m>'s-Pa-ng”
~7.6 x 10" m*s-Pa-kg’
AR R (13.4.2)
~4.0 x 10" m*s-Pa-kg’’
#1755 R 2 T LR 1) S B B AE
=(7.6 x 10" + 4.0 x 10"y m*s-Pa-kg™
13.6.510 % BB IE-- 5 F R 1 A 2
WsGE, BAETE, HUEHAAEE T 5%
[EJ9SmmA L, W IER 1% DL AT .

t= RFEEE, m=2581x10"m
b=IUZ BT,

PR T A= 0.01642 m?

m=5x10"m

FK: =0.4541 m
S, = xR B K

_ 4x0.01642
0.4541

=0.1446m
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Percent excess WVT BHME K2 ES EEH L
400x25.81x107° 2 400x25.81x107° 2
= log, (—— = =) = log, ( = =)
7 x0.1446 | + @ (2m5x107)(25.81x107) x0.1446 1 4 @ (2mxsx107)(2581x107)
=9.86% =9.86%
13.6.6 The applicable corrections required for the 13.6.6 A b 123K AR LR T PG = 58
analysis of the test results in this case are due to (IR 25 BLAM T T 3 5@ 4B 1 .

resistance of still air and specimen surface.
WA E + Z2IER

Water vapor resistance of the test specimen + corrections
=1/ Permeance = (1 / 2630) m*-s-Pa-ng’

=1/ Permeance = (1 /2630) m*-s-Pa-ng’'
=3.80 x 10° m*s-Pa-kg™

TR (7K 28 B R i
=(3.80 x 108 = (7.6 x 107 + 4.0 x 10")) m*-s-Pa-kg”’

=3.80 x 10° m*s-Pa-kg™
The water vapor resistance of the test specimen

=(3.80 x 108 = (7.6 x 107 + 4.0 x 10")) m*-s-Pa-kg”’
=2.64 x 10° m*s-Pa-kg™

REERIKESELE
=1/(2.64 x 10 m>-s-Pa'kg™)

=2.64 x 10° m*s-Pa-kg”
Permeance of the test specimen

=1/(2.64 x 10 m?>-s-Pa-kg™)

_ 91 2 Ap-l
=3.79 x 10 kg'm-s!-Pa’! =3.79x 10" kg'm™s"-Pa

_ 2. lpa-l
=3790 ng'm>-s"-Pa’! =3790 ng'm™>-s"-Pa

Permeability BURERIZE L R
=3790 ng'm>'s"-Pa’ x 0.02581 m =3790 ng'm?-s'-Pa’ x 0.02581 m
=978 ng'm"s"'-Pa’’ =978 ng'm"s"-Pa’
14.Report 144 %%
14.1 The report shall include the followin 14 1RF N ALFE LT A 25
14.1.1 Identification of the matg 14,1 VBRI T 2 in.f

includi duct  thickn P
fneluding  product _ thickness SITRE CIESLE (07 IR

14.1.2M80757 (FIRANEBE KR
14.1.3 M08 5
14. 14048 AR S 5

materials (not laminated) greater
14.1.2 Test method used (desi

14.1.3 Test temperat

14.1.4 Relative hu he test chamber,
L 14. L5 MAFERK B &, PlPerms Ay
14.1.5 Perm h specimen in perms (to
two si S CEREFPIALA ) 5

14.1.6 idé” of each specimen on which the 14.1.65 MAFE AR K 2SR —TH . (34

higher vapor pressure was applied. (The sides shall ey ) 12 S, OB T BAK 409 A
be distinguished as “side A” and “side B” when

there is no obvious difference between them. When 7”7 A “BE” o Ml AR ZE RN, M
there is an obvious dlffer'ence, this dlfference'shall RS R, L AT 1 “BIT-TCAE” . )
also be stated, such as “side A waxed” and “side B
unwaxed.”),

14.1.7 The average permeance of all specimens 14,178 AN FRAL_E A A 1 215 1o

tested in each position,
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14.1.8 The permeability of each specimen (as
limited by 13.3), and the average permeability of all
specimens tested,

14.1.9 Include a portion of the plot indicating the
section of the curve used to calculate permeability,
and

14.1.10 State design of cup and type or
composition of sealant.

15.Precision and Bias

15.1 Precision—Table 2 is based on

interlaboratory tests conducted in 1988 and 1991.5
In 1988 four materials (A, B, C, D) were tested
using the dessicant method and the water method in
triplicate. Fifteen laboratories contributed data, with
full results secured from four laboratories. In 1991
ten laboratories contributed data for material E,
using triplicate specimens, again using both the
dessicant method and the water method. Tables 3
and 4 are based on another interlaboratory test
conducted in 1995-96.(8) One material at a nominal
thickness of 1 in. (25 mm) was tested by ten
participating laboratories. Results from only nine
laboratories were used in the analyses because of the

presence of severe outliers (see Practice E691) in
the observation of tenth laboratory. @

15.1.1 Test results were analyzed using Rtfacti
E691.

15.2 Additional precision data and\a

(#512) conducted in
participated in this stud
extremely low pe

ur different
8. Procedure A,
desiccant method at , was used. Each

“test result” r esents  an  individual

determination, icipants reported three
replic or every material. Practice
E691 w or the design and analysis of

6
Report No. C16-1040.

15.2.1 Repeatability limit (r)—Two test results
obtained within one laboratory shall be judged not
equivalent if they differ by more than the “r”” value
for that material; “r” is the interval representing the
critical difference between two test results for the
same material, obtained by different operators using
different equipment in different laboratories.

14188 MAFERIE S R (G%13.38K) , T
R T 8 R EG

14. 190045 F T S S 80 h 2635875 1 1
®;

14.1. 1045 B IR B v ity 25 3 i i) R 2L Bk
B
155 E 5kE

15 VR BE -2 55 T 2 AN S0 = 7E 19884 11991
SEREAT IR B . 1988 4R FH T4 32 I A /K 25
MR T PR AR (A, B, C, D), BRI
RI3ANERE . 15 SIS otk 18, 4=
AT ATSERI BT BE . 199 14FE 10 SE 50 BTk T
MEERIEEE, MH 73R8, 2 T EsREm
IKVEWIRI T . RIMBARET H—RkZ L=
1E1995-1996 AT Il (8) o 10412 5525 %,
Xt —Fh 44 R FE 25 mm (1 in) FIAHRREEAT IR .
I AN S5 = 1B F T 40, RN EE A&
oy 2 2 DA A B JR AP EE T (RVEE69 1) 1S4y
HI .

15.1.1 FIRTE B691 40 il ik 4t i

15.2 P70 MDIORG FE B0 5 40 M, ESIAE
2010 FFHHATIIZA LI E B AR B 6 A
LI EZ SR, T 4 DARBEMK
FERRAEL. AR A, SRH T 73°F/50% RH HI
BRFNE . BRI P R AR T — A
SERIE, BTA IS 5 RS T AR 3
ANEZMARGE R o SIS 5 b, A T
YL E691; TE4HTEILAE ASTM W 5iiik & No.
C16-1040 4 H .

15.2.1 EEMHERIR () - N—RIGR1 1
AMMAREE R, B HZZ KT o, REAEA 8“7
FORE— M EHEA RSB0 % B AN RRAE 57
FAAS 15 25 3RAF B NI R 45 R 1 e K22 5
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15.2.1.1 Repeatability limits are listed in Table 5
below.

15.2.3 The above terms (repeatability limit and
reproducibility limit) are used as specified in
Practice E177.

1524 Any judgment in accordance with
statements 9.1.1 and 9.1.2 would have an
approximate 95% probability of being correct.

15.3 The precision statement was determined
through statistical examination of 72 test results,
submitted by six laboratories, for four materials.
The four materials were described as:

Material A: 6 mil high barrier PVDC-based film
Material B: 10 mil high barrier PVDC-based film
Material C: 15 mil high barrier HDPE-based film

Material D: PET film/1 mil aluminum foil/PET film
lamination

15.4 To judge the equivalency of two test results,
it 18 recommended to choose the material that is
closest in characteristics to the test material.

15.5 Using information from this ILS, Appendix
section X3 discusses the testing of extremely low
permeance materials.

16. Keywords

16.1 permeability; plastics (general); p et

and film; sheet material; thermal-insula
materials; thermal insulation pe ilit

water vapor transmission %

1521 R AR IR ST KS.
15.2.3 E3CRE (R MR AT E IR IR ) #%
HIEE1771HE .

15.2 ARAEREAR. 1. 1F19.1 24T (K452, 1IERfAT
MEZRZ1°895%

15 35 BEA IR Bk Tk B 61 il 4R R RHE
2B E ST R . IXEEAT R i A -

MELA: 6 milfs BHRS I PVDCHE
MEIB:  10mil=BH R HPVDCHEE
MELC:  15mili= B R Y HDPEJE
MED: PET/Imild5§E/PETH & 15

154249 1 FIE AR as R — Bk, HERgik
5 MM RAE S L AR

155 X3HHE 1R RIE AR It

165 5£17)

16. & #4: WR GEAD ; BRT 5,
At BREEEL BRPVBIENR, KBS R



ASTM E95M2015 Standard Test Methods for Water Vapor Transmission of Materials

TABLE 2 Results on Precision from Interlaboratory Testing

For Desiccant Method at 23°C Repeatability Reproducibility
Material Th(1r(1:1kn111)e§ S Perl\r_/;??lqleg (ng-m>s"-Pa)? (C%V) (ng.mIEEPpa-l)B (ng-m?s Py (((:%V) (ng,mIEEPpa'l)B
(ng-m™-s” -Pa’)
A 0.0254 34.7 0.95 2.7 2.70 5.60 16.2 15.90
B 0.1397 0.74 0.16 21.7 0.46 0.31 42.6 0.92
C 12.7000 3.51 0.25 7.2 0.69 1.06 30.2 2.80
D 25.4000 44.8 1.50 3.3 4.20 3.50 7.8 10.00
E 0.3556 2.64 0.13 5.0 0.40 0.31 11.7 0.86
For Water Method at 23°C Repeatability Reproducibility
: Mean
Material Th(lr;l:rrll)eAS i (féﬁgﬁgfle)s (ng'm?s' P’ ((SA)V) (ng'mI’Jzi’PPa’l)B (ng'm™-s"-Pa)® ((SA)V) (ng'mI’Jzi’PPa’l)B
A 0.0254 : 40.91 0.77 1.9 2.20 8.90 21.8 25.20
B 0.1397 0.90 0.13 14.0 0.35 0.12 134 0.34
C 12.7 5.55 0.31 5.7 0.92 1.10 20.1 3.10
D 25.4 59.50 1.10 1.8 3.10 12.40 20.9 35.50
E 0.3556 3.40 0.19 5.7 0.57 0.47 13.8 1.30

A1in.=25.4 mm
B 1 perm (inch-pound) =1 ng'm?-s™-Pa’!

Legend:

s = standard deviation

CV = percent coefficient of variation (s x 100/ Mean)
LSD = least significant difference between two indi
NOTE 1—Material B was Teflon® PTFE fluorocarb
to this sample, which accounts for the poor rep

TABLE 3 Results on Precision fr

ults based on a 95 % confidence level = 2=2s

d of tetrafluoroethylene. It was extremely difficult to provide a seal

laboratory Testing—Dry Cup Measurements on Expanded
Polystyrene

Lab Permeability,(n anA _
Spec #3 X s d h K
1 2.21 2.40 1.72E-01 -7.01E-01 -1.50 1.06
2 2.68 2.73 1.19E-01 -3.71E-01 -0.79 0.73
3 3.65 3.64 1.50E-01 5.39E-01 1.15 0.92
4 a7 2.73 2.69 273 4.00E-02 -3.74E-01 -0.80 0.25
5 2.66 2.79 2.71 7.23E-02 -3.98E-01 -0.85 0.44
6 3.26 3.38 3.29 3.31 6.24E-02 2.06E-01 0.44 0.38
7 3.05 3.72 3.33 3.37 3.37E-01 2.62E-01 0.56 2.07
8 3.76 3.53 3.87 3.72 1.73E-01 6.16E-01 1.31 1.07
9 3.24 3.48 3.26 3.33 1.33E-01 2.22E-01 0.47 0.82
X S Sx SR
3.10 1.63E-01 4.69E-01 4.87E-01
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TABLE 2 %525 s R4 RIS E it

FERFE (23°C) HE M HILME
o JE R S Ccv LSD Cv LSD
(mm)A (ng'm?-s™-Pa)® (ng'm?-s™-Pa)® (%) (ng'm?s"-Pa")® | (ngrm?s'Pal)® (%) (ng'm>-s"-Pa)®
A 0.0254 34.7 0.95 2.7 2.70 5.60 16.2 15.90
B 0.1397 0.74 0.16 21.7 0.46 0.31 42.6 0.92
C 12.7000 3.51 0.25 7.2 0.69 1.06 30.2 2.80
D 25.4000 44.8 1.50 3.3 4.20 3.50 7.8 10.00
E 0.3556 2.64 0.13 5.0 0.40 0.31 11.7 0.86
K% (23°C) Repeatability Reproducibility
Material | Thickness Mean CV LSD CV LSD
(mm)” é?ﬁ????f?)s mgmsPa® | (%) | gms'Pal) | gmstPa)® | (%) | (gm?sTpal)?
A 0.0254 40.91 0.77 1.9 2.20 8.90 21.8 25.20
B 0.1397 0.90 0.13 14.0 0.35 0.12 13.4 0.34
C 12.7 5.55 0.31 5.7 0.92 1.10 20.1 3.10
D 25.4 59.50 1.10 1.8 3.10 12.40 20.9 35.50
E 0.3556 3.40 0.19 5.7 0.57 0.47 13.8 1.30
A1in.=25.4 mm
B 1 perm (#~-f%) =1 ng'm? s -Pa’!
4i5:
S = brifEZ;
CV = HHERFZH (s x 100/ Mean);
LSD =3T-95% & {5 7K - 1 7 A~ SR il X 11 e /N A S
VE1--#EIBs&Teflon PTFE CREPUR L) - X R LB GIE %R, X FEEE N E T,
BEIM—RAREZHEOT RS
£
% s d h k
1 1.72E-01 -7.01E-01 -1.50 1.06
2 1.19E-01 -3.71E-01 -0.79 0.73
3 1.50E-01 5.39E-01 1.15 0.92
4 4.00E-02 -3.74E-01 -0.80 0.25
5 7.23E-02 -3.98E-01 -0.85 0.44
6 6.24E-02 2.06E-01 0.44 0.38
7 3.37E-01 2.62E-01 0.56 2.07
8 1.73E-01 6.16E-01 1.31 1.07
9 1.33E-01 2.22E-01 0.47 0.82
% Sr Sx SR
3.10 1.63E-01 4.69E-01 4.87E-01
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A1 permin. = 1.45 (ng-m™*-s*-Pa™)

NOTE 1—The average of the cell averages gives the permeability for the round robin material, according to the dry cup

measurements, as 3.10 ng-m’l-s’l-Pa'l.
NOTE 2—The repeatability standard deviation is 1.6 x 10-1 ng-m’l-s'l-Pa'l.
NOTE 3—The reproducibility standard deviation is 4.9 x 10-1 ng-m’l-s'l-Pa'l.

TABLE 4 Results on Precision from Interlaboratory Testing—Wet Cup Measurements on expanded

polystyrene
Lab Permeability (ng-m-1-s-1-Pa-1)4 _
X s d h k
Spec #1 Spec #2 Spec #3
1 2.90 3.14 2.94 2.99 1.29E-01 -3.58E-01 -0.94 0.77
2 3.50 3.46 3.52 3.49 3.06E-02 1.43E-01 0.37 0.18
3 4.23 3.76 3.65 3.88 3.08E-01 5.29E-01 1.39 1.84
5 3.32 3.29 297 3.19 1.94E-01 -1.58E-01 -0.41 1.16
6 2.61 2.82 2.80 2.74 1.16E-01 -6.08E-01 -1.59 0.69
7 3.53 3.18 3.41 3.37 1.77E-01 1.92E-02 0.05 1.06
8 3.30 3.42 3.29 3.34 7.23E-02 -1.42E-02 -0.04 0.43
9 3.75 3.97 3.67 3.80 1.55E-01 4.46E-01 1.17 0.93
x | s Sx SR
3.35 | 1.67E-01 3.82E-01 4.06E-01
A . Al
Il permin. =1.45ng'm s -Pa
Legend:
X = Cell average or the average from one laboratory
s = Cell standard deviation, or the standard deviation for o orafory

X = Average of the Cell averages

d = Cell deviation or the difference ( X — X
s, = Repeatability standard deviation (withi
sg = Reproducibility standard deviai
h = the between-laboratory consiste;
k = the within-laboratory co,
NOTE 1—The average of thfi ell a

measurements, as 3.35ng'm_-s -

NOTE 2—The repeatabili %

y -1 -l -l
iationis 1.7 x 10 ng'm -s -Pa .

1 1

-01 a1 -
NOTE 3—The reproduci dard deviationis 4.1 x 10 ng'm -s -Pa .

ABLE 5 Water Vapor Transmission (perms) ILS #512

Mate Repeatability Standard Reproducibility Reproducibility
vera Repeatability Limit
rial Deviation Standard Deviation Limit
X sr SR r R
A 0.00877 0.00166 0.00336 0.00465 0.00940
B 0.00843 0.01067 0.01067 0.02988 0.02988
Cc 0.02028 0.01698 0.01698 0.04756 0.04756
D 0.00567 0.00938 0.00967 0.02626 0.02706

A
The average of the laboratories’ calculated averages.
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A1 permin. = 1.45 (ng-m™*-s*-Pa™)

VEL— TR EINR, & PR T3 4 3B RECh: 3.10 ng-m™s™-Pa™.

H2—E G VAR
33— AR EZE

1.6 x 10" ng-m™*.s™.Pa’.
49x10" ng-m*.s*-Pa’.

TABLE 4XRE BN RABIEEE D —RBREZ BRI R

s
L5, ERRE (ng'm'-s1-Pa)A _
= X s d h k
Mg #1 MAgH2 MAGH3
1 2.90 3.14 2.94 2.99 1.29E-01 -3.58E-01 -0.94 0.77
2 3.50 3.46 3.52 3.49 3.06E-02 1.43E-01 0.37 0.18
3 4.23 3.76 3.65 3.88 3.08E-01 5.29E-01 1.39 1.84
5 3.32 3.29 2.97 3.19 1.94E-01 -1.58E-01 -0.41 1.16
6 2.61 2.82 2.80 2.74 1.16E-01 -6.08E-01 -1.59 0.69
7 3.53 3.18 3.41 3.37 1.77E-01 1.92E-02 0.05 1.06
8 3.30 3.42 3.29 3.34 7.23E-02 -1.42E-02 -0.04 0.43
9 3.75 3.97 3.67 3.80 1.55E-01 4.46E-01 1.17 0.93
; Sr Sx SR
3.35 | 1.67E-01 3.82E-01 4.06E-01
A1 perm in. = 1.45 ng~m_1's—1'Pa_1
B/E :
X- BFSE , RE-ASREQTEE ;
s= BAEE | RE-AZBRTHIEE ;
X= EESEHTIOE ; @
d= BEEREZE (X-X ) ; Q
s - BEEMEE (SRERE) 0
si— BIMIFAZE (EREZHE)
h= EREZE—BERY
k= SRERB—HER
VEL BRI, RS E N EE A BT RE 335 ngm s Pa .
VE2— A MERRHEE \ e s Pa .
VE3—E I bR UE l ng~m-1 'S-l 'Pa-1 o
TABLE5 KZESEIE (perms) ILS #512
# 1 a M I BEM B
B B R S S
)_( Sr SR r R
A 0.00877 0.00166 0.00336 0.00465 0.00940
B 0.00843 0.01067 0.01067 0.02988 0.02988
C 0.02028 0.01698 0.01698 0.04756 0.04756
D 0.00567 0.00938 0.00967 0.02626 0.02706

" ETRENTHEBTY,
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APPENDIXES (Nonmandatory Information)

X1. STANDARD TEST CONDITIONS
X1.1 Standard test conditions that have been useful are:
X1.1.1 Procedure A—Desiccant Method at 73.4°F [23°C].
X1.1.2 Procedure B—Water Method at 73.4°F [23°C].
X1.1.3 Procedure BW—Inverted Water Method at 73.4°F [23°C].

X1.1.4 Procedure C—Desiccant Method at 90°F [32.2°C].
X1.1.5 Procedure D—Water Method at 90°F [32.2°C].
X1.1.6 Procedure E—Desiccant Method at 100°F [37.8°C].

X1.2 Unless otherwise prescribed by regulation, specification, ASTM standard, or other governing document,
select test conditions similar to those to which the material will be exposed to actual use.

X2. CUP DESIGN AND SEALING METHODS

X2.1 An ideal sealing material has the following properties:
X2.1.1 Impermeability to water in either vapor or liquid form.

X2.1.2 No gain or loss of weight from or to the test chamber (evaporation, oxidation, hygroscopicity, and water
solubility being undesirable).

X2.1.3 Good adhesion to any specimen and to the dish (even when wet).
X2.1.4 Complete conformity to a rough surface.

X2.1.5 Compatibility with the specimen and sive/penetration into it.
X2.1.6 Strength or pliability (or both).

X2.1.7 Easy handleability (including

e viscosity and thermal of molten sealant).

X2.1.8 Satisfactory sealants p@ss€ss t operties in varying degrees and the choice is a compromise, with
more tolerance in items at ing of this list for the sake of those at the latter part of the list when the
requirzements of 7.2 are phalt or wax is required for permeance tests below 4 perms [240

2 1 -
ng'm -s -Pa ]. Tests to de¢ ine)§ealant behavior should include:
X2.1.8.1 An impety en (metal) normally sealed to the dish and so tested, and
X2.1.8.2 The €2 allyy assembled to an with no specimen and so tested.

X2.2 The follo
the

Materials are recommended for general use when the test specimen will not be affected by

temperatur sealant:

X2.2.1 Asphalt, 180 to 200°F [82 to 93°C] softening point, meeting the requirements of Specification
D449/D449M, Type C. Apply by pouring.

X2.2.2 Beeswax and rosin (equal weights).A temperature of 275°F [135°C] is desirable for brush application.
Pour at lower temperature.

X2.2.3 Microcrystalline wax (60 %), mixed with refined crystalline paraffin wax (40 %).
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M (ARSEMERER)

X1. PR &
X1.1 CH AR A&
X1.1.1 FFEA—THRFAE, iRAEE23°C [73.4°F].
X1.1.2 JifEB—Ki%E, HEE23°C [73.4°F].
X1.1.3 VFEBW—FI#ME, R EE23°C [73.4°F].
X1.1.4 FREC—T A%, EE32.2°C [90°F].
X1.1.5 JfED—K%, #RE32.2°C [90°F].
X1.1.6 FEE—T#7E, iR EE37.8°C [100°F].
X 1.2 WJC AT WU AR BB, ASTMbRAESCE FL e BUR SO, k8 5 04 Rk BRAs B PR S5 AE AL 0 18
At

X2. WA HERTTE

X2.1 BUARREBADREN R LU R

X2 L IABE KB TS KE

X2. 1.2 NI FE G I sd /b B OARERT: 250k, Ak IR, KD
X2. L3RRI ) AP 77 (RSB -

X2.1.4 XPHBER T E 2N AR

X2.1.5 5 AR HIC BN 2 i 1 @

X2.1.658 i E WM (BEEWEHRE) -
X2.1.75 b3 (48 4 T B A A s 4 %
X2. 1.8 2 185 1 — S AR, JF LR MR, T A

%k, LT EARTE # )5 F 7, e 7.2 2 A U R B SR A T4 perms [240 ng'm s -Pa ]
FiE I PE . W 2 7] Vel :

X2.1.8.1 — P AR

_,.
%

w ) aB BIIEAR I,

X2.1.8.2 iR P it 10 22 AR I
X2.2 HiAFEA it FERE RIS, HERE (T SR E DA e A -

xz.z.1w °C [180 to 200°F] BAkri, /2T D449/D449M, Type CIHIER . fHi{s .
X2.2. 2041 OO o TERIER A B 75 R 2R S 135°C [275°F] . fRIR AR .
X223 (60%) , TRAFEIIT AL (40 %).
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1[]"
(254 m

mn /7_
(254 ;

Template

1"
Rim height —————— 115
(Not more than . /. (292 mm} /
sample thickness + 3
(6 mm)) )

Depth as cunvenlent
(Not less than [1? mm)
for "Water Memmd"}

3“
4 Ledge
(19mm

10" Mouth
(254 mm)

Rim

Square Pan

Final Seal
(Tape or Foil)

FIG. X2.1 Apparatus for Water Vapor Transmission Tests of Large Thick Specimens

X2.3 The materials listed in X2.3.1 are recommen @ oJy garticular uses such as those shown in Fig. X2.1. The
suggested procedure descrlbed in X2 3.2 applies t /8-in. [289-mm] square specimen if its permeance

exceeds 4 perms [240 ng-m ‘s Pa ] (limit oration of sealants).
X2.3.1 Materials:
X2.3.1.1 Aluminum foil, 0.0054iné70. minimum thickness.

X2.3.1.2 Tape, meetin, ents of Specification D2301, vinyl chloride plastic pressure-sensitive,
electrical insulating tape.

X2.3.1.3 Cement, contact bond, preferably rubber base.

X2.3.2.3 Step 3—Coat outside of rim and bottom of ledge with contact bond cement, and place foil strips from
edge of template, around rim, and bottom of ledge.

X2.4 A method of using hot asphalt, as applied to a 10-in. [254-mm] square-mouth dish with ledge and rim, is
as follows:

X2.4.1 Apparatus:
X2.4.1.1 Template—A square frame of brass or steel, 3/16 in. [5 mm)] thick and 3/4 in. [19 mm] deep. The

3 . . . . . .
/16-in. [S-mm] thickness is tapered to zero at the bottom of the frame where it will touch the test specimen and
maintain a 10-in. [254-mm] square test area.
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113"

10" 8
(254 mm)/ [F (289 mm

:77%
(254 ny
/.
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X2.4.1.2 Sealant—Asphalt (see X2.3.1 used at the proper pouring consistency of 375 to 450°F [179 to 232°C].

. . . . . 3.
X2.4.1.3 Melting Pot, for the asphalt, electrically heated, with one dimension greater than 11 /8 in. [289 mm)].
X2.4.1.4 Small Ladle, for pouring.

X2.4.2 Procedure—Mark the 113/8—in. [289-mm] specimen with a line at an equal distance from each edge, so
that the area enclosed by the lines is as nearly as possible a 10-in. [254-mm] square. The template may be used
for marking. Dip each edge of the specimen in molten asphalt up to the line, so that the test area is defined and all
edges are coated with a heavy layer of asphalt. Place the specimen over the pan containing water or desiccant.
Lightly oil the template or coat with petroleum jelly on its outer side, and place on the specimen. Pour molten
asphalt into the space between the template and the rim of the pan. After the asphalt has cooled for a few minutes,
the template should be easily removable.

X2.5 Hot wax may be applied like asphalt. It may also be applied (freely) with a small brush. Its lower working
temperature may be advantageous when a specimen contains moisture.

X2.6 Several designs for dishes with supporting rings and flanges are shown in Fig. X2.2. Various
modifications of these designs may be made provided that the principle of prevention of edge leakage by means
of a complete seal is retained. The dishes may be constructed of any rigid, impermeable, corrosion-resistant
material, provided that they can be accommodated on the available analytical balance. A lightweight metal, such
as aluminum or one of its alloys, is generally used for larger-size dishes. In some cases when an aluminum dish is
employed and moisture is allowed to condense on its surface, there may be appreciable oxidation of the
aluminum with a resulting gain in weight. Any gain in weight will ordinarily depend on the previous history of
the dish and the cleanness of the surface. An empty dish carried through the test procedure as a control will help
to determine whether any error may be expected from this cause. When aluminum dishes are used for the water
methods, a pressure may develop inside the assembly during a test due to corrosion. This can cause seal failure or
otherwise affect the result. Where this is a problem, it can be overcome by providing inside the dish a protective
coating of baked-on epoxy resin or similar material. Dishes with flanges or rings that project from the inner walls
of the dish are to be avoided, as such projections influeace the diffusion of the water vapor. The depth of the dish

X2.6.1 For the desiccant-in-dish proced
water-in-dish procedures. The desicca

'{h dishes need not be as deep as those required for the
; 4 in. [6 mm] of the under surface, and a minimum depth of
only /2 in. [12 mm] of desiccantd

X2.6.2 The dishes show
X2.6.3 A template suc

seal. It consists of @ cire

reguire a molten seal.

nin Fig. X2.3 is usually used for defining the test area and effecting the wax
sh 1/8 in. [3.18 mm] or more in thickness with the edge beveled to an angle of
about 45°. The diameter ofthe bottom (smaller) face of the template is automatically on the test specimen. A
small hole thro e
he test specimen to the dish. In use, the template is placed over the test specimen and

its removal aft

tered with the dish opening, molten wax is flowed into the annular space surrounding the
template. As soon as the wax has solidified, the template is removed from the sheet with a

thus allowing the wax to completely envelop the edge.

X2.6.4 Gasketed types of seals are also in use on appropriately designed dishes. These simplify the mounting
of the specimen, but must be used with caution, since the possibility of edge leakage is greater with gasketed

seals than with wax seals. Gasketed seals are not permitted for the measurement of permeance less than 4 perms
2 1

[240 ng-m_ s -Pa ]. As a further precaution when gasketed seals are used instead of preferred sealants, a blank
test run is suggested using glass or metal as a dummy specimen.

X2.6.5 A suitable weighing cover consists of a circular disk of aluminum 1/32 to 3/32 in. [0.8 to 2.4 mm] in
thickness provided with a suitable knob in the center for lifting. The cover fits over the test specimen when
assembled and makes contact with the inside beveled surface of the wax seal at, or just above, the plane of the
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specimen. The cover is free of sharp edges that might remove the wax and is numbered or otherwise identified to
facilitate its exclusive use with the same dish.

Wax~ _E»A!ummum Ring  Wax
I

-~ Template

~Specimen
Dish
IS 3
(a)
Wax~, ¥ Template
S WAX TEMPLATE
1E"S,t:ves-r:."me.fl / %
Ring« _ Dish
(© (d)

FIG. X2.2 Several Types of Dishes for Water Vapor TransmissionTests of Materials in Sheet Form

2.3 Template Suitable for Use in Making the Wax Seals on Test Dishes

X3. PR@CED TO CALCULATE DEPENDENCY OF WATER VAPOR TRANSMISSION RATE
ON RELATIVE HUMIDITY

X3.1 The dependency of the water vapor transmission (WVT) rate of materials on relative humidity (RH) can
be determined using a combination of desiccant and water method (9).

X3.2 Procedure

X3.2.1 Dry cup tests with desiccant method test set up but also with additional chamber RH levels other than
50% are carried out. Three chamber RH levels: 50%, 70%, and 90% shall be selected.

X3.2.2 Wet cup measurements with water method test set up but at two chamber RH levels are to be carried
out. Two chamber RH levels, 70% and 90% shall be selected.
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X3.3 Data Analysis

X3.3.1 From the slope of the time versus mass change data plot, for each chamber RH levels, the rate of WVT
for the corresponding test specimen at a specific chamber RH level is determined according to 13.2.1.

X3.3.2 The WVT rate is plotted against the chamber RH. This results in two separate but intersecting plots.

X3.3.2.1 If the plots are linear and intersect at 50% chamber RH, it is concluded that the material under
consideration is nonhygroscopic and the rate of WVT does not depend on the local chamber RH.

X3.3.2.2 For the hygroscopic material the intersection of the plots will be at a chamber RH greater than 50%
and water method may yield a nonlinear dependency.

X3.3.3 For hygroscopic materials the sum of the rate of WVT from dry and wet cup measurements at the 90%
chamber RH represents theoretically the dry cup measurements for WVT rate done at 100% chamber RH.

X3.3.4 Similarly for hygroscopic materials the sum of the rate of WVT from dry and wet cup measurements at
the 70% chamber RH represents theoretically the dry cup measurements for WVT rate done at 100% chamber
RH. If this calculated value of WVT rate at 100% chamber RH differs from the same calculated in centilitres
X3.3.3 by more than 10% then the whole test procedure should be repeated.

X3.3.5 The calculated dry cup WVT rate at 100% chamber RH, as shown above, is combined with the directly
measured dry cup measurements data at 50%, 70% and 90% chamber RH to generate a set of WVT rate values
spanned over the entire range of chamber RH (that is, 0 to 100%). These values of WVT rate when plotted
against the corresponding chamber RH would define the dependency of WVT rate on RH.

X3.3.6 The algebraic expression of the best-fitted curve that passes through the origin from the WVT rate
versus chamber RH is to be used to determine the derivative of the plot at any given local RH.

X3.3.7 The water vapor permeance of the material at a specific chamber RH is derived from the following
expression.

Water Vapor Permeance (WVP) =

(Magnitude of deri
Saturation water vapor p

X3.3.8 All normal required correctio @

X4, TESTI O TREMELY LOW PERMEANCE MATERIALS

} (X3.1)
73.4F(23C)

are applicable to X3.3.7.

X4.1 In 2010-2011
permeance material

@‘ eloping a precision statement, a number of other objectives was targeted in undertaking
sc objectives and a discussion of the findings are discussed herein:

ratory study using Procedure A was conducted using thin, extremely low
st specimens. The statistics from this study related to precision of the method are

covered in Secti@ test methods.

X4.2 In additio
this roundyrobin.

X4.3 Pro xperience testing extremely low and “zero perm” materials.

X4.3.1 Many labs that conduct the E96/E96M tests do not have occasion to test such materials. The materials
tested in the study ranged from anticipated values of about 0.015 perm down to zero perm. All materials were
0.015 in. (0.38 mm) thick or less. Circumstances were such, however, that the final group of participating labs in
fact did have experience testing in this range. As such, input from inexperienced labs was not available.

X4.4 Determine what difficulties are encountered in testing at these levels.

X4.4.1 With one exception, no notable difficulties were reported by the labs. One lab was consistently
obtaining loss of weight during the tests. An assignable cause was not determined, and it was decided not to use
their results. Otherwise, there was no feedback on problems with the test.



ASTM E95M2015 Standard Test Methods for Water Vapor Transmission of Materials

X3.3 ot

X3.3.1 #M813.2.1, SHUAF AR, Ll A5 A i 22 1, LA AT LA e AH RO
PF 1 %oF IO G R I B ) K 28 S i 26

X3.3.2 il KZESE S 25 MAAAE AR 2R o OB P2 A AN AR AE S il 2k

X3.3.2.1 WSR2 e 2 1 I HAS XAEMRFEHIS0% M XHR E AL, AT LA SE i BRI RHR AR
MR, I HoKZE B AR T DA AR

X3.3.2.2 XFTWGRARL, 25 X HILAE & T S0%RHAGIINA AR IR L, IF HAKE S A — N EL
EOPRPRE

X3.3.3 WIBAEL,  FAREFEARELENHAFE IR A90%RHM (/K A UE I R 2 M, Big FARE T T
FRZAE DA 1 FE N 100%RHI [ /K 78 <

X3.3.4 Zltth, XRIEME, FAREANEAREIENAAE IR E N T0%RAM 1K ESE LR A, #Hit b
REEFAEAENRFTNE BE 9 100%RHES (/K A IE L2 WHRTE100%RH MR AE B AL THE /K 2808
MR EX3 33 M ERIL10%, A BA MR RN ZE K.

X3.3.5 Ak, FHELAE100%RHL TR /KA TUELRE, AT EES550%, 70%HM190% I FE 1 I
MAEA L, HEH— RN ES SRE R (R0FI100%RH) FI/KZASELRME. LHKESBLR
AR LR il 2k, K2R SOF I 2 5 AR B R SRR RS T

X3.3.6 Fn/K A IE I 25 WA ARG BE 00 R s G RBA 3, AT T FEAT 48 8 AR
FEAL 1 HE K A8 B &

m37E%i%ﬁﬁﬁﬁ@%ﬁ%ﬁﬂ*%iﬁt%ﬂuTﬁ%@:

KA TELL H(WVP) =

RS 7T 2R )l
{ ORFEE L iy o3.0)

23C(73.4F)H] :
X3.3.8 Fﬁﬁﬁﬁ%ﬂ%a ; THAT

X4, WRARBEMEABLHITR

X4.1 2010-201 B HAARIS & M I RHME AR, 25256 % alE Hm AR T T4 .
BRI FE I 7Y, Z PEAEAFRER 15T A fiid .

X4 T 0 FEEELE R, FEPAT IR ST IEA — L8 B HAr. X488 HARF AR ISR 42 T T

wig:

X4.3 FRULLRN0 T E (1) BRI Z0E i R S 451

X4.3.1 £ S 5E96/E96M 15250 = AN S H5IRIX LA RL . BF 78 -l ala ki T 1o 5 193 Bl
590.015 perm®J0. BT A #EHE ) H0.38 mm (0.015 in) B E# ., ANid, fja 023 5Lk =54 1
BRI S PRl ik 56 . RItk, A BUR JE 456 1 5200 = 40

X4 A0 78 MRIX L8375 5 7K P BA R 2 8 18 T R 4

X4.4.1 R5FAL, BLi=RA RS HEMEME, — AL SN RESRERER L. — AT
BRI R e 2w, o AMERAA TS R BRICLAAR, B USSRt i) 2 5t



ASTM E95M2015 Standard Test Methods for Water Vapor Transmission of Materials

X4.4.2 The occurrence of outliers indicates problems that were undetected or uncorrected by the operators, or
both. The outliers are always high results. Absent the presence of obvious defects in the test specimens, which
would be visible under normal lighting or over a light box, the cause for outliers is invariably inadequate sealing
to the dish. It would appear that operators were not recognizing outliers appearing early in the test, or were not
taking action to correct otherwise determine a cause.

X4.4.3 The types of materials tested can be expected to be very consistent. One exception could be laminations,
which can contain pinholes of a size or number that can produce apparently outlying results. These will be
detectable over a light box. The foil lamination samples in this study were pre-screened for presence of pinholes,
and only pinhole-free specimens were used.

X4.4.4 The primary problem encountered in testing extremely low permeance materials then would appear to
be inadequate or failing seals. It is critical that operators monitor data early on for apparent outliers. When one is
suspected, whether or not a breach in the seal is visible in the test dish, the seal should be “re-flowed”, the
specimen taken out of the test, or a replacement replicate started.

X4.4.5 1t is strongly recommended that a program be set up to provide either water vapor transmission rate or
permeance, and correlation coefficient computation, real time at each weighing. This way outliers can be spotted
immediately and checked for cause.

X4.5 Application of correlation coefficient:
X4.5.1 The correlation coefficient indicates if a strong linear relationship in the coordinate data points exists.

X4.5.2 Very high correlation indicates a very straight line slope for the weight gain per unit time, which in turn
can be used as an indication of steady state.

X4.5.3 High correlation is not necessarily expected when testing materials of extremely low permeance, since
the slope of the weight gain per unit time is approaching zero, and any variation in the test conditions has a
greater impact on individual weighings. Zero or near-zero permeance tests may never show good correlation.

X4.6 Time required to reach steady state:

X4.6.1 It is generally thought that extremely eafice materials require many weeks or months to reach a
true steady state and to provide a reliable res

X4.6.2 A graph of perm vs. time at stéa

X4.6.3 Using the data from o

one third of the test durati owed perm results that indicated a condition that was not steady-state.

X4.6.4 The second thir ys) graph showed a much straighter line, but one not totally flat.

X4.6.5 The last*thi
steady state is well ind

X4.6.6 Whil

) showed the straightest you line of perm results; given the range of the data,

findings would indicate that two months or more may be needed to reach steady state,
ter the first two or three weeks was very small, less than would impact a result rounded to
es. The purpose of the test might dictate the duration required; that is, screening or QC tests

for more than two months .

X4.6.7 It is known that thicker materials and moisture-retaining materials need upwards of two months or
longer to reach steady-state. Evidence shows that very thin materials such as those tested in this ILS, even if of
extremely low permeance, may not need such a long test duration to reach steady state.
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