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Learning Objectives

m Discuss the theory of transient hygrothermal analysis
and the effect of variable vapor permeance

®m Review the standardized testing procedures to
measure vapor permeance of materials

mDiscuss the testing conditions as they relate to
installed conditions

m Assess the impact of the vapor permeance of an air
barrier on a defined wall assembly



m Basic Moisture Movement Concepts

® Review of ASTM E96
m Hygrothermal Analysis
® Product Data for Air Barriers

m Case Study
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Hygrothermal Analysis

Study of how heat and
moisture move
simultaneously across a
building envelope
assembly

ldeal Gas Law

PV = nRT

P = Pressure

V =Volume

n = Number of Moles

R = Universal Gas Constant
T = Absolute Temperature




Psychometric Chart

240

70°F + 40% RH

220

~40 grains of moisture

—{ 200

180

95°F + 40% RH

160

~100 grains of moisture

Relative Humidity is a
function of temperature
and moisture

Differences in temperature
and moisture create a

20° 25° 230° 3% alo- 4%° 30° 5% 60° e;s- T0° 7.5' 80* 83° 90° 9% 100° 105° 10° Vapor pressure differential
DRY-BULB TEMPERATURE

GRAINS OF MOISTURE PER POUND OF DRY AIR




What is “Vapor Diffusion”

m Rate of diffusion is function of the material’s
vapor permeance

m Materials with high permeance, such as air or
batt insulation, will readily allow water vapor to
pass through

® Materials with a low permeance, such as metal,
will not readily allow vapor to pass through




Vapor Diffusion

A difference in
‘ concentration of molecules

wn

@)

5 across a material creates a

§ pressure difference

(q»)

AR

= (Assuming equal
temperature and volume)

TIME: ZERO

Concentration on left = 10 molecules/volume of air
Concentration on right = 2 molecules/volume of air



Vapor Diffusion

Over time, the pressure
difference forces the
molecules from the area of
high concentration to the
‘ area of low concentration
through the pores of the
solid material.

TIME: ZERO through FINAL
Concentration on left = decreasing
Concentration on right = increasing



Vapor Diffusion

‘ ‘ Once the concentration on
‘ one side is equal to the
‘ concentration on the other

‘ ‘ side, the pressure
difference is resolved.

TIME: Final
Concentration on left = 6 molecules/volume of air
Concentration on right = 6 molecules/volume of air



What is “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”

1 grain of H,0
hr * ft? *inHg

1 perm =




Volume of Water

Vapor Permeance mL of Water
(Perms) 1 hr * 1 ft2 * 1 psi vapor pressure differential

0.1 0.00132
1.0 0.13195
5.0 0.65976
10.0 1.31951

30.0 3.95853



Hygroscopic Materials

m “Water Attracting” materials

m As relative humidity increases, hygroscopic material
tend to take on moisture through a process called
“sorption”

®|ncrease in moisture content of materials could
impact vapor permeance of the material



Sorption Isotherm

m Show relationship between
relative humidity and
moisture content at
constant temperature

Developed by incrementally
adjusting moisture level
surrounding material and
measuring actual moisture
content at each change
(ASTM C1498)

20 -

15 |

Desorption//' Adsorption

10

Moisture content %

0 20 40 60 80 100
Relative humidity %

A typical sigmoid (S-shaped) moisture sorption isotherm illustrating hysteresis

“Water Sorption Isotherm.” Food Network Solution, Mar. 2008.
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Standard Test Methods for
1

Water Vapor Transmission of Materials
This standard Is issved under the flued designation ESGEGM; the number immediately following the designasion indicates the year of
criginal edoplion ar, in the case of revision, ihe year of last revision, A number in parembeses indicazes the year of last respproval. A
saparseripd epsilon () indicaies on edionial chamge since the s pesision ar reapproval.
Thiy steadand’ bar been apprreed for wee by ageacles of the UL Deparmeenr of Defense.

1. Scope C 1809 Practice for Preparation of Specimens and Reporting
L g . ) T H H P = B awis o

Review of ASTM E96

plaster products, wood products, and plastics. The lest methods
are limited to specimens not over 1% in, [32 mm) in thickness
excepl as provided in Secuon 9. Two basic methods, the
Desiceant Method and the Water Method. are orovided For ibe

D2301 Specification for Vinyl Chloride Plastic Pressure-
Sensitive Elecirical Insuluting Tape

ELT7 Practice for Use of the Tenms Precision and Bias in
ASTM Test Methods



ASTM E96

“Standard Test Methods for Water Vapor Transmission of Materials

m Determine water vapor transmission
(WVT) of materials

® Two basic methods
= Desiccant Method (Procedure A/Dry Cup)

= Water Method (Procedure B/Wet Cup)
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Designation: E96/E96M - 16

Standard Test Methods for

Water Vapor Transmission of Materials’
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This ctondnd bar been ppeoeed for e B agenalen of e U.S. Bepariment of Defese.

1. Scope

LI These test methods cover the determination of water
vapor transmission (WVT) of materials through which the
passage of water vapor may be of imporance, such as paper,

plastic films, other shcet materials, fiberboards,
plaster produets, wood produts, and plaslics. The lest methods
ase limited 10 specimens not aver 14 in. [32 mm] in thickness
cxcept a5 provided in Section 9. Two basic methods, the
Desiccant Method and the Waier Mathod, are provided for the
suremen! of permeance, and wo variations inelude sery
ditions with one side weited and serviee conditions with
low humidity on one side and high humidity on the other.
Agreement should not be expected betwecn results obtained by
different methods. The method should be selected that more
ncarly approaches the conditions of use.

12 The values stared in either S1 units or incl
arc 10 be regarded separately as standard, The values stated in
each sysiem may not be cxact equivlents; therefore, cach
systern shall be used. independently of the other. Combining
values from the 1o systems may resul in non-conformance
with the standard, However, derived results can be convered
from one sysiem Lo the siher using appropriate conversion
factors (sec Table 1),

3 This standard does not purport fo address ail of the
safety problems. if any, assoelaied with its use. It is the
responsibiliy of the user of this standard 1o establish appro-
priate sajety and health practices and deterinine the applica-
bility of regulatory limitations prior o use.
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2. Referenced Documents

2.1 ASTM Siandards:*
C168 Terminology Relasing to Thermal Tnsulation

<« mctbods e snder e ur
a0 sre e i e

) AST Commitis: C1I6 on
ity of Subcommisiee CI639 ot

2016 Publshes April 2016, Originay

o 1, 20
i prosec i1 013 s EVGFO6M - 1. DO

s, i e ST

Ao Bk f RSN
e o st s Docrmen S e 4

R ——

e @ s s

4 10428298 Ui

1805 ruticsfor Preparsion f Speimcnsand Reparting
of Results for P festing of Pressure Sensitive
‘Adhesive Scaled Joims in Insulaon Vopor Retidens

D449/DA49M Specification for Asphalt Used in Dampproaf-
ing and Waterproofing

D2301 Specification for Vinyl Chioride Plastic Pressure.
Sensitive Elecirical Insulating Tape

EI77 Practice for Use of the Terms Precision and Bias in
ASTM Test Mt osk

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

3. Terminology

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

“water vapor permeability—the lime rate of Waler vapor
transmission theough unit arca of flat malerial of unit thickness
induced by unit vapor pressure difference between two specific
surfaces, under specified temperature and humidity conditions.

Discussion—Pesmeability is 2 property of 3 i the
permeability of a body that performs like a material may be
ed. - Pemcably i he st prcduc of permesses and
thi

warer vapor_permeance—the time rate of water vapor
transmission through unit arca of flat material or construetion
fic
surfacs, under specilicd (emperature and humidity conditians.

Discussion—Permeance is 8 performance evaluation and not
& properly of a material,

3.2 water vapor ransmission rate—he (lmdy water vapor
flow in unit dime through unit asca of 2 body, nommal o specific
pasalel surfaces, under specific conditions of romperativs nd
humidity at coch surface.”

4. Summary of Test Methods

4.1 In the Desiccan Method the test specimen is sealed (o
the open mouth of a test dish containing a desiccant, and the
assembly placed in a controlled atmosphere. Periodic weigh
ings deteamine the rate of water vapor movement through the
specimen into the desiceant,

4.2 In the Water Method, the dish contains distilled water,
and the weighings détermine the raic of vapor movemen




Procedure

m Seal test specimen to a dish

m Create a vapor drive across
the specimen

o e mge v | RN

m Determine rate of change in
moisture in dish over time,
area, and pressure difference




Calculating Vapor Permeance

Slope of Line (grams

Test Area (ft?)

)

Water Vapor Transmission =

rains
WvT (= )

AP (in Hg)

Permeance =




Desiccant Method

Chamber:
RH: 50%
Temp: 73.4°F

Vapor Drive

Desiccant
RH: 0% - 3%

Maximum RH
Exposure: 50%



Water Method

Chamber:
RH: 50%
Temp: 73.4°F

Vapor Drive

Water
RH: 97% - 100%

Maximum RH
Exposure:
100%



Desiccant vs. Water Method

“Agreement should not be expected between
results obtained by different methods. The method
should be selected that more nearly approaches
the conditions of use”




Designation of Vapor Flow Direction

® When a product is designated for use in only one
position, [it] shall be tested...with the vapor flow
in that direction

®m When either side may face the vapor source, [it
should be] tested with the vapor flow in each
direction and so reported



Water Vapor Transmission

Rate

ASTM E96: Appendix X3

Non-Hygroscopic S.

25 50 75 100

Chamber Relative Humidity

“Procedure to Calculate Dependency of Water Vapor
Transmission Rate on Relative Humidity”

Desiccant Method

50%, 70%, 90%
RH T WVT Rate T
Increasing AP

Water Method
70%, 90%
RH T WVT Rate |
Decreasing AP




ASTM E96: Appendix X3

“Procedure to Calculate Dependency of Water Vapor
Transmission Rate on Relative Humidity”
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Impact of Hygroscopic Materials

Non-Hygroscopic Material

Permeance

0 25 50 75 100
Relative Humidity



Designing for Hygroscopic Materials

Desiccant Method ® Water Method

Permeance
Permeance
®

0 25 50 75 100 O 25 50 75 100
Relative Humidity Relative Humidity



Designing for Hygroscopic Materials

Desiccant Method ® Water Method

Permeance
Permeance

0 25 50 75 100 O 25 50 75 100
Relative Humidity Relative Humidity



Inverted Water Method

Chamber:
RH: 50%
Temp: 73.4°F

Water
RH: 100%

Vapor Drive

True Exposure
to 100% RH

Head pressure
may impact
WVT Rate



Designing for Hygroscopic Materials

Desiccant Method ® Water Method ® Inverted Water Method

Permeance
Permeance

0 25 50 75 100 O 25 50 75 100
Relative Humidity Relative Humidity



Proposed Changes to ASTM E96

m ASTM E96 Task Group - April 1-3, 2019

" Frequency of chamber condition monitoring

=Velocity of air in chamber
= Utilize “blank” specimens for all tests

= Discussions relating to desiccant types and drying
procedures

= Deliberation of RH% within dish
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Why does this matter now?

mEnergy codes have driven buildings to be more air
tight

mTighter building envelope means less air movement
to dry out incidental moisture

m Higher risk for moisture to accumulate over time



Long-Term Moisture Accumulation

® Condensation
m Corrosion
m Biological Growth

® Reduced long term material
durability

m Concerns with occupant comfort
and health




Performing Hygrothermal Analysis

Steady-State Transient
m Evaluates conditions at a m Evaluates changes over
point in time time and impact of changes

: on material properties
® Considers thermal and brop

vapor resistance m Considers thermal
resistance, vapor
resistance, moisture
sources, ventilation,
moisture storage, liquid
transport, rain/solar loads



Steady-State Analysis

Temp
Int: 70°F
Ext: 18°F

RH
Int: 30%
Ext: 60%

Impact of Vapor Drive
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Steady-State Analysis

Impact of Thermal Gradient
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Transient Hygrothermal Analysis
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WUFI Material Database

®m Generic “Vapor Retarder” Membranes

=0.1 perm, 1 perm, 5 perm, 10 perm

" Permeance reported at 0% RH and considered non-
hygroscopic membranes

m Limited number of manufacturers have their specific
product data represented in WUFI material database
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Classification of Vapor Retarders

Vapor Retarder Permeance
Class

Class | Equal to 0.1 perms or less
Class Il Greater than 0.1 perms and less than or equal to 1.0 perms
Class il Greater than 1.0 perms and less than or equal to 10 perms

1405.3.3. Material Vapor Retarder Class, 2015 International Building Code



Industry References

Vapor Class Permeance

Class | Impermeable
Class Il Semi-Impermeable
Class lll Semi-Permeable

>10 perms Permeable



Published Product Data

m Referenced over 50 readily available product data

sheets for air barrier membranes in the industry
=Vapor permeance

= ASTM E96 Test Method



Published Product Data

m59% Reported EITHER Desiccant OR Water Method

m 5% did not report a Method

® General Observations:
= Mil Thickness

=Vapor Permeance Variation



Published Product Data

Impermeable Membranes

®m Reviewed product data for 24 membranes
m 33% Reported BOTH Desiccant and Water Method
=" When only ONE Method was reported

"44% reported Desiccant Method

"44% reported Water Method

=12% did not report a method



Published Product Data

Permeable Membranes

®m Reviewed product data for 31 membranes
m45% Reported BOTH Desiccant and Water Method
=" When only ONE Method was reported

"6% reported Desiccant Method

"94% reported Water Method



Challenges for Designers

®m Representative data to perform hygrothermal
evaluation

m Specification of air barrier properties
=Vapor classification?
" Permeance value?

m Submittal review of air barrier

" Does the air barrier meet the desigh requirements?
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Case Study Wall Assembly

® Brick Veneer

m2” Mineral Wool

m Ajr Barrier
m6” Fiberglass Batt

® Painted Interior Drywall




Case Study Assumptions

m Exterior Climate: Norfolk, Virginia, ASHRAE Year 2
= Temperature: 8.1°F - 95°F; Avg: 59.3
= Relative Humidity: 17% - 100%; Avg: 73.7%

® |nterior Climate: Medium Moisture Load
= Temperature: 68°F - 71.6°F; Relative Humidity: 40% - 60%

® |nitial Moisture Content: EMC 80%
m Elevation: North

® No Additional Moisture Sources; No Air Changes



WUFI Material Database

Permeance

20
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1.0
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10 perm

5 perm

1 perm

25 50
Relative Humidity
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Relative Humidity, %
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Relative Humidity, %
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Air Barrier Product Data Examples

Desiccant Method Water Method

1 Class Il Permeable

2 Class I Permeable
3 Class | Class I



Modeling Cases

Water Method (WM)

o

o

% ‘(\e\
GEJ \]aﬁ'\a“o\e t

o

o

0 25 50 75 100

Relative Humidity



Membrane 1

20
8 Permeable
o
OEJ 10 yariable (Line)
)
o

1.0

0.1

0 25 50 75 100

Relative Humidity



T

—1-WM - Ext

——1-DM - Ext

1 - Line - Ext

= =
[~ o

% ‘KpIuNY sape[ey

100
90
80
50
40
30




Relative Humidity, %
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Relative Humidity, %
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Membrane 2
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Relative Humidity, %
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Membrane 2
Class Il =2
Permeable

Exterior
Sheathing




Relative Humidity, %
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Membrane 3
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Relative Humidity, %
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Relative Humidity, %
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Conclusions

®m Limited information gained from E96 Basic Test
Methods

m Hygroscopic membranes can fluctuate in vapor
permeance

m Carefully select and review vapor permeance
properties of membranes for specific application
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