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Applied Building Technology Group (ABTG) is committed to using sound science
and generally accepted engineering practice to develop research supporting the
reliable design and installation of foam sheathing. ABTG’s educational program work
with respect to foam sheathing is supported by the Foam Sheathing Committee
(FSC) of the American Chemistry Council.

ABTG is a professional engineering firm, an approved source as defined in Chapter 2
and independent as defined in Chapter 17 of the IBC.

DISCLAIMER: While reasonable effort has been made to ensure the accuracy of the information presented,
the actual design, suitability and use of this information for any particular application is the responsibility of
the user. Where used in the design of buildings, the design, suitability and use of this information for any
particular building is the responsibility of the Owner or the Owner’s authorized agent.

Foam sheathing research reports, code compliance X
documents, educational programs and best practices ‘ ‘.
can be found at www.continuousinsulation.org. =4

Foam Plastic Applications
for Better Building

Copyright © 2022 Applied Building Technology Group
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Introduction

= Newer homes, materials and code requirements have changed the
way “invisible” water (water vapor) must be managed to avoid it
becoming visible in unwanted ways.

= \Water vapor control is one of the trickiest and riskiest areas of
building and energy code compliance.

= The old “rules of thumb” are no longer reliable or universal.

= This program will provide actionable prescriptive guidelines for
integrated insulation and vapor control strategies.



Session Learning Outcomes

= Understand 5 key building science concepts

= Know current U.S. & Canadian code requirements

= |Learn simplified method of design to control water vapor
= Apply the method to evaluate solutions



Key Building Science Concepts (BSC’s)

=  Successful moisture control requires an integrated approach to b key
building science concepts:

Control Rain Water Intrusion (e.g., continuous water-resistive barrier)

Control Air Leakage (e.g., continuous air barrier)

Control Indoor Relative Humidity (e.g., building ventilation & de-humidification)
Control Initial Construction Moisture (e.g., prevent enclosure of wet materials)

Control Water Vapor (e.g., optimized balance of wetting and drying through strategic
use of insulation and vapor retarders)

or s wh e

= All are important, all vary in significance, all have inter-dependencies.



BSC #1 - Rain Water Control

Rain water control is often the primary
factor associated with observed failure
or success of moisture control.

If rain water is not adequately
controlled, other building science
measures can be rendered ineffective.

Concept is simple:
Keep water out!

15.8

B SEVERE = 31.5 in/yr or greater
B MODERATE = 15.8 to 31.5 infyr

COLOW = <15.8 infyr

WIND DRIVEN RAIN (infyr)

Wind driven rain is the primary hazard
(map based on UofGA research)
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BSC #1 - Rain Water Control

= Select cladding type, windows &
doors, and installation methods best
suited to the local climate wind-driven
rain hazard.
« Durability by Design — 2nd Edition

« Cladding type/method performance not
differentiated in the code.



http://www.huduser.gov/portal/publications/reports/Guide-Durability-by-Design.html

BSC #1 - Rain Water Control

= Use a code compliant water-resistive barrier
(WRB) and flashing details at all penetrations
for a continuous drainage plane behind the
cladding
« WHY? Claddings leak!
 Required by code

= Pan flashing strongly recommended under
all window sills and door thresholds
«  Why? Many windows/doors leak or will leak. | T B

Step 4 Install window Step 5 Install self-adhered Step 6 Install self-adhered
jamb flashing head flashing and

« (Code doesn’t require plan flashing in any climate. trmination tapo op dgo




T Interior Finish

‘l‘-..“____' Vapor Barrier (where required)

r ‘\\ .._\\
Structural Framing

BSC #1 — Rain Water Control :

=
NN N N NN
\

o / \‘7“‘
Siding 4 \ Cavity Insulation (if required)
i . Trim Hashing/ "\f ’ j 1/ f<
» |ntegrate Window/Door/Flashing/WRB j AN
. . : Foam Sealant
Manufacturer Installation Instructions NaiiogFng /LH
° Why’? Th|S |S not done .[:OI, a” pOSSlble Flashing over Flange Ea::;?n.:arﬂl %’l

combinations of approved materials and
components that must be integrated

 Forintegration examples, refer to Sonant

. . . . . . Angled Sill Extention
continuousinsulation.org/window-installation e \(_/,.,—qés“a“m
Foam Sealant

for window installation recommendations.

T __.H_I:E_Ei Wood Buck
Hrdow feshig ..r. . =) ; - Intarior Finish
= |nspect/Verify WRB and flashing prior to 17 PO —
. e j: ; . B tructural Framin
concealment by cladding 2 a% B | e
", ;/_/C, Cavity Insulation (if reguired)

« Why? Installation quality is important.

-
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https://www.continuousinsulation.org/applications/window-installation

BSC #2 - Air Leakage Control

Lack of air leakage control can allow
substantial amounts of moist/humid air
into and through assemblies.

= Air can bypass vapor retarders, rendering
them much less effective.

 |Increased risk of moisture problems such as
condensation and mold

= Air can bypass insulation, rendering
insulation less effective.
 |ncreased energy bills




BSC #2 — Air Leakage Control

A continuous air-barrier (AB) is required by the International Energy
Conservation Code (IECC). The IECC does not specify where the air barrier
must be located

= (Can be located on the interior, inside, or to the exterior side of walls

EPA Energy Star* requires AB on both sides of assemblies in cold climates
(best practice and highly recommended).

For additional guidance refer to:
=  Durability by Design: A Professional’s Guide to Durable Home Design

= Air Leakage Guide, US DOE, Building Technologies Program ’.
JAN=R &



https://www.huduser.gov/portal/publications/reports/Guide-Durability-by-Design.html

BSC #2 — Air Leakage Control == -

3 == b
- Geiling drywall taped iﬁ =il [\ ||~ Orywal caulked. glued or
to wall drywall N gasketed to top plate
Many materials and methods of AB N Dyt g iy
y or gasketed to top plate glued or gasketed to top plate
. . . I } Cladding
installation are available: P | s
P or gasketed to bottom plate exterior sheathing
_ -~ Bottom plate caulked or l-— Exterior sheathing caulked,
- 4 gasketed to subfioor | glued or gasketed to bottom plate
L e i_-
~— Subfloor glued, caulked or gasketed Y
x to rim joist/rim closure I{
- - - . - ) Rim joist/rim closure caulked or \
= Exterior sheathing with sealed joints “ gemeatop e |
- — Drywall caulked, glued or \'\:,

gasketed to top plate I Exterior sheathing caulked,

= Sealed drywall installation N
= Mechanically attached wraps with sealed

exterior sheathing

. - Taped or sealed joints in
L L _t _ Drywall caulked, glued o exterior sheathing
J O | n S /" gasketed to bottom plate
— Bottom plate caulked or _|L—— Exterior sheathing caulked.
-~ ~ late
, gasketed to subfioor glued or gasketed to bottom p!
= Adhered membranes =3 ==
—— Sublfloor glued, caulked or gasketed ‘J
. . to rim joist/rim closure tl
|| S - | d t _ —— Rim joist/rim closure caulked || ——— Extarior sheathing caulked,
p ra y a p p I e C O a I n S or gasketed to sill plate { ~ glued or gasketed 1o sill plate

u C | O S e d - C e | | S p ra y fo a m : "‘1 Sill plate installed over sill gasket R Sill plate installed over sill gasket

Note: shaded components designale
air flow retarder system

Note: shaded components designatc
air fliow retarder system

-
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BSC #2 — Air Leakage Control

It’s not just a material; it’s a system!

= As with the WRB and flashing, the AB must be properly sealed at all joints and
penetrations and discontinuities.

= |nspection and air-leakage testing are important for quality installations.

With proper design and location in an assembly, some air barrier
materials may perform multiple roles (e.g., sheathing, insulation, vapor
retarder, and air barrier all in one).



BSC #3 — Control Indoor Relative Humidity

= Excessive indoor relative humidity (RH) can also overwhelm any reasonable
code-compliant building envelope design.

« Acceptable indoor RH levels are not specified the code (or coordinated with
vapor retarder and insulation requirements).

 Include a relative humidity meter in the home for homeowner use and to guide
proper operation of the home (avoid excessive indoor RH >> 40%).

= Building ventilation requirements in the code for indoor air quality purposes
can help control indoor RH in the winter.
« Whole building ventilation methods are better than spot ventilation.

« Must be reasonably balanced to avoid increased air-leakage due to indoor-
outdoor pressure imbalances.

= Proper sizing and specification of AC equipment can help control indoor RH
in the summer.

« Dehumidification should be considered and used as needed. "
JAN=1 &



BSC #3 — Control Indoor Relative Humidity

Winter Summer

= In general, summertime indoor RH = |

should not exceed 60%.

Health ASHRAE Mildew

= |n the Wil’]ter, max recommended RH Problems | = Recommended | Growth
varies by climate (25% to 40%). P TP
 Lower indoor RH needed in colder 0 10 20 30 40 S50 60 70 80 60 100

climates for water vapor control. % Relative Humidity

= Preferred indoor RH levels for building
durability and occupant comfort can be in conflict.

 Must control indoor RH or adjust water vapor control strategy accordingly.
= Special conditions require special solutions (e.g., pool rooms, saunas,

hot tubs, etc.). ’~
ABTG



BSC #4 — Control Initial Construction Moisture

= Wet framing materials and wet-applied insulation materials can
overwhelm the tolerance of materials and assemblies to withstand
prolonged exposure to moisture and high water vapor drives.

= This issue mainly affects the initial year of building operation.

The solution varies based on the time of year a wall is enclosed with wet materials,
which will determine the primary direction of vapor flow for drying.

= (Can result in mold or moisture-related damage to materials such as
moisture-sensitive sheathings and interior finishes, if not dried out in a
timely manner.



BSC #4 — Control Initial Construction Moisture

=  Solutions are simple:

« Don't use wet materials and when they are wet,
don’t close-in the assembly until they are dry.

« Don'tinstall cavity insulation, vapor retarder,
and interior finishes until the wall is dried-in
(e.g., water-resistive barrier and all flashings
completed).

Storm water expelled from FG
batt insulation installed prior to
completion of the WRB and
flashing



BSC #4 — Control Initial Construction Moisture

= T|P: Don't dry buildings using
gas/fuel fired heaters — water
vapor is a primary combustion
by-product!

« Hot/humid air creates huge
vapor drives and can slow drying
rather than help it.

« Use hot/dry air instead (electric
heaters, dry air ventilation, etc.).



http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiSssfj9abJAhUKRiYKHXn0CC4QjRwIBw&url=http://video.sportsmansguide.com/v/23988/all-pro-40000-btu-propane-heater-pro-tools-heating-cooling/&psig=AFQjCNHWVael-iTPZZ-YXVDI29XqpkGM5A&ust=1448380895691947

BSC #b — Control Water Vapor

Moisture Content (%)

Water vapor control involves two simple concepts:

« Minimize the risk of the assembly getting wet due to water vapor diffusion
(adsorption or condensation).

« Optimize the ability of the assembly to dry in relation to its risk of getting wet.

Moisture Content- R5 Cl Houses
Interior Sheathing Surface - Above Grade Cavity
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Two “Code-
Compliant” Walls:
e Left— moisture

cycling below
20% MC

« Right — moisture

cycling above
20% MC

Moisture Content (%)

Moisture Content - Housewrap Houses
Interior Sheathing Surface - Above Grade Cavity
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BSC #5 — Control Water Vapor

= While simple in concept, this practice involves consideration
of several factors (not all addressed in code):
« Climate and Indoor RH (boundary conditions)

« Water vapor permeance (WVP) of exterior materials
— Sheathing, WRB, etc.

« WVP of interior materials
— Interior vapor retarders in cold climates, or interior finishes in warm climates

 Location and properties of insulation:
— Cavity insulation R-value and its WVP
— Exterior insulation R-value (continuous insulation) and its WVP




BSC #5 — Control Water Vapor

= |tis truly a balancing act! Rain Leak @3;
« Risk of rain water wetting Moist Air Leak @E
« Risk of air-leakage wetting Seasonal Vapor Diffusion @3;
« Wetting and drying by water vapor diffusion o

= R-value and relative WVP of materials and e

their location within the assembly matters

« Ability of materials to store and tolerate
moisture also matters orying

= GOAL: Drying > wetting (in annual, not
monthly/seasonal basis) to control risk of mold
or water-sensitive material degradation



BSC#5 — Control Water Vapor

(Addressing a common misconception)

= Also, there are different consequences for
different types of wetting:

« The first photo (above right) illustrates localized
wetting from a leak and affirms the need for good
WRB and flashing practices (e.g., pan flashing)

« The second photo (lower left) deals with wetting over
large areas that can occur due to inward water drives
(too vapor permeable on the exterior) or inadequate
wintertime condensation control (sheathing too cold,
poor VR, poor AB, etc.).

= Neither consequence is good.
« But, there is a way to avoid both of these consequences...

More on wall rot at: http://www.greenbuildingadvisor.com/blogs/dept/musings/all-about-wall-rot ’\

JAN\=J &



http://www.greenbuildingadvisor.com/blogs/dept/musings/all-about-wall-rot

Water Vapor Control: Putting BSC’s to Practice

= The remainder of this presentation addresses the following
water vapor control topics:
« Terms to know (see handout))
 Assessment of US and Canada building code requirements
 Two unifying design methods for water vapor control
« Framework for simplified design and example applications
« Supplemental Design Considerations



Terms to Know

= Vapor Retarder (VR): A material in an assembly designated for
purpose of serving as means to limit water vapor flow into or
through the assembly.

« Also known as a “vapour barrier” in Canada (material used as a vapor
retarder having permeance of 1 perm or less).

 Inthe U.S., the term “vapor barrier” is reserved for Class | vapor retarders
(very low perm, 0.1 perm or less).

= This definition does not mean that the vapor permeance and
location of other materials in an assembly is not important!



Terms to Know

= [2015 IBC/IRC] VAPOR RETARDER CLASS. A measure of the ability

of a material or assembly to limit the amount of moisture that passes
through that material or assembly. Vapor retarder class shall be
defined using the desiccant method with Procedure A of ASTM E 96
as follows:

e Class |- 0.1 perm or less (e.g., polyethylene, foil facing, etc.)

e Class ll: 0.1 < perm <= 1.0 perm (e.g., Kraft paper, VR paints)

e Class /ll: 1.0 < perm <= 10 perm (e.g., latex paint)

= Vapor retarder classes in the codes are not precise (e.g., a factor of 10 difference
within a given class) but they help to generally communicate solutions and material

selections.



Terms to Know

= Water vapor permeance (WVP): The property of a building
material related to the ability of water vapor to diffuse through it;
measured in “perms.”

 This property may vary depending on moisture content of the material as
related to its surrounding conditions (e.g., relative humidity) — “smart vapor
retarders” fall into this category (usually organic materials like Kraft paper,
wood structural panels, or proprietary vapor retarder membranes).

= | ow perm = relatively high resistance to water vapor flow
= High perm = relatively low resistance to water vapor flow



Terms to Know

= \Water vapor permeance

WVP is usually measured by
ASTM E96 (dry cup) method
which relates to 25% average
relative humidity at room
temperature.

ASTM E96 (wet cup) method
relates to 75% average relative
humidity condition and may be
more relevant to some
applications (e.g., materials on
the exterior)

B

Wet Cup Method

‘_ Corntrolled errvirorument

50% RH

Desiccant+
0% RH

Cortrolled
etIvitorument+

50% RH

Distilled water+
100% RH

http://www.labthink.com/en-us/literatures/an-outline-of-standard-for-

cup-method-water-vapor-permeability-testing.html

-
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http://www.labthink.com/en-us/literatures/an-outline-of-standard-for-cup-method-water-vapor-permeability-testing.html

Terms to Know

= \Water Vapor Permeance

 Materials that are hygrophyllic
(organic) tend to have WVP that
changes significantly with the ambient
relative humidity (A)

« Materials that are not hygrophyllic Y perm
(non-organic) tend to have WVP that
changes little with the ambient X perm [
humidity (B) Y ‘W
= Thus, wet-cup and dry-cup WVP 25% 75%
per ASTM E96 can better inform Avg. Relative Humidity (ASTM E96)

material selection and design for

water vapor control ’~
JAN=R &



Terms to Know

= [2015 IBC/IRC] VAPOR PERMEABLE. The property of having a
moisture vapor permeance rating of 5 perms (2.9 x 10-10 kg/Pa - s - m2)
or greater, where tested in accordance with the desiccant method using
Procedure A of ASTM E 96. A vapor permeable material permits the
passage of moisture vapor.

= (Other classifications: semi-permeable, semi-impermeable, impermeable
(varying degrees of vapor retardance)



Ballpark Examples of Water Vapor Permeance

= All materials, regardless of what they are called, have some measure
of resistance to water vapor flow...

Air film = 120+ perm Fiberglass/mineral fiber = Drywall = 50 perm Lap siding = 10 perm
) (St!ll air, 17 thick.— most air is 116 perms (unpainted) (wood/painted) to 40 perm
moving”, so effective permeance Batt insulation (without facer), (vinyl/vented)
is much higher) 1" thick

-
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More examples...

L. ;

P

7

&
/f_ >

Latex paint film = 3 to 30 perm House wraps = 5 to 50 perm No.15 asphalt felt paper = 17 thick polystyrene insulation =
(primer + 1-2 coats) (depending on type) 1 perm (dry cup) to ~1 perm to b perm
5 perm (wet cup) No facer. Depending on type/density. Decreases

with increased thickness or added facers.

OSB or plywood = 0.7 to 1 perm (dry cup) Kraft paper = 0.3 perm (dry cup) or
or 1.5 to 10 perm (wet cup) 1.8 perm (wet cup)
OSB is lower perm than plywood

Foil faced plyiso insulation < 0.1 perm

-

JAN\=J &




Cu rre nt U _S_ Bu i Id i ng R702.7 Vapor retarders. Class [ or Il vapor retarders are

required on the interior side of frame walls in Climate Zones

Code Requirements 5,6,7, 8 and Marine 4.
Exceptions:
. Basement walls.

= 2015 [IBC and IRC pl’OViSiOﬂS 2. Below-grade portion of any wall,

are similar 3. Construction where moisture or its freezing will not

_ damage the materials.

= 2015 IRC (one and two family

dWG”IngS) Main Moist (A)

« R702.7 doesn’t say not to put a
Class | or Il VR on the interior side
in CZ 1-3!

« Silent on exterior permeance limits
with Class | or [l VR

« Silent on minimum insulation ratio
with Class | or Il VR e

Fairbanks N. Star, Nome, North Slope,
Northwest Arctic, Southest Fairbanks,

Wade Hampton, Yukon-Koyukuk

Warm-Humid
Below White Line

'\
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Zone Tincludes Hawaii,
Guam, Puerto Rico, and
the Virgin Islands




Current U.S. Building
Code Requirements

TABLE R702.7.1
CLASS lIl VAPOR RETARDERS

] ClaSS ||| va por retarder |S permrtted e CLASS Il VAPOR RETARDERS PERMITTED FOR:*
. Vented cladding over wood structural panels.
as an alternative to Class | or Il VR Vot i ve fhorbon
. Marine .
fo r tW O C a S e S - 4 Vented cladding over gypsum.
Continuous insulation with R-value = 2.5 over 2 x 4 wall.
¢ Vented Claddlng | N th'S Case, eXteI’IOI’ Continuous insulation with R-value = 3.75 over 2 x 6 wall.
permeance IS Controlled prescriptively by Vented cladding over wood structural panels.
. . . . Vented cladding over fiberboard.
requiring use of vented cladding with . Ven;ddaddmimrgypsum
| | m ItatIO NS OnN types Of S h eath | ng by Cl I m ate Continuous insulation with R-value = 5 over 2 x 4 wall.
zone (perm eance co ntrol Ied d es|gn) . Continuous insulation with R-value = 7.5 over 2 x 6 wall.
. . . Vented cladding over fiberboard.
° Contlnuous InSUIatlon In thls Case1 Vented cladding over gypsum.
. . . . . . 6
INSu |at|o N rat| OIS CO ntro | | ed for a p pl |Cat|onS Continuous insulation with R-value = 7.5 over 2 x 4 wall.
Of con tl nNUousS | nsu | atl on (te m p e I’atu re Eont;nuous 1-nsullatll.on WI_I:;RI:ah:e 2}111(.)25 ove2r2 :6 w::ll.
CO ntro | I € d d €S I g n) 7ands Continuous insulation with R-value = 15 over 2 x 6 wall.

-
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Current U.S. Building
Code Requirements ovsss HSRET R noces

O ONE CLASS Il VAPOR RETARDERS PERMITTED FOR:®
Vented cladding over wood structural panels.
. . Vented cladding over fiberboard.
= BUT, now this reveals some gaps in MAIIE |t clading ovr ypoum.
th e C O d e | Continuous insulation with R-value = 2.5 over 2 x 4 wall.
Continuous insulation with R-value = 3.75 over 2 x 6 wall.
¢ HOW mUCh COI’]tII’]UOUS IﬂSU|atIOﬂ |S needed |f a Vented cladding over wood structural panels.
Class | or Il vapor retarder is used? Vented cladding over fiberboard.
5 Vented cladding over gypsum.

o Under What COﬂdItIOﬂ ShOUld Veﬂted C|addll’]g Continuous insulation with R-value = 5 over 2 x 4 wall.
or a h |gher perm exterlor Sheath | ng be req u | red Continuous insulation with R-value = 7.5 over 2 x 6 wall.
for use of a Class Il vapor retarder? vemedcludding over iberboard

Vented cladding over gypsum.
° V\/hat about “double \/apor barmers”? o Continuous insulation with R-value = 7.5 over 2 x 4 wall.
Continuous insulation with R-value = 11.25 over 2 x 6 wall.
7 and & Continuous insulation with R-value = 10 over 2 x 4 wall.
Continuous insulation with R-value = 15 over 2 x 6 wall.

-
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Current Canadian Building Code (NBC 2010)

= Only recognizes use of 1 perm or less vapor retarder on inside
(warm-in-winter side) of assembly.
Same as Class | or Class Il vapor retarder in U.S. codes
Polyethylene VR and AB commonly used
Does NOT recognize use of a Class ||l vapor retarder

= Recognizes special design needed for buildings with high internal
moisture loads (e.g., high indoor RH).



Current Canadian Building Code (NBC)

NBC Part 9 (housing and light-
commercial) includes requirements
for use of low perm (less than 1
perm) material layers on the exterior
side (Section 9.25.5.2)

 Requires use of exterior insulation
meeting minimum insulation ratio
(ci R-value / Cavity R-value)

« Firstintroduced in the 1995 edition
of NBC

Heating Degree Days

Minimum Ratio of Total Thermal Resistance

(HDD18C) Qutboard of Material's Inner Surface to Total
Themal Resistance Inboard of Material's
Inner Surface
Up to 4995 0.20
5000 to 5999 0.30
G000 to 6999 0.35
7000 to 7999 0.4
2000 to 2999 0.5
9000 to 9999 0.55
10,000 to 10999 0.6
11000 to 11995 0.65
12000 or higher 075

1 HDD(18°C) = 1.8 HHD(65°F)




The Insulation Ratio Concept

= Same principle as insulation ratios TABLE 1
.p : P Minimum Insulation Ratio (Re/Ri)
(exterior ci R-value) used for Class |l for Use with a Class lIl Interior Vapor Retarder
VRin U.S. codes CLIVATE | Maximum Heating Minimun
« See adjacent table as basis for IRC ZONE DT_IQSEDEGE:::YS Re/Ri Ratio
Table R702.7.1. ( )
Marine 4 5,400 0.2
5 7,200 0.35
= Same principle used for above-deck 6 9,000 0.5
7 12,600 0.7

roof insulation in millions of square
feet of low-slope commercial building
roofs.

-

JAN\=J &




The Insulation Ratio Concept

Keep the inside of the
wall warm in the winter!

This is the key concept
of the “temperature Re | R,

controlled” design Exterior Ol — [
approach to manage (low perm)
water vapor. Interior Cavity
Insulation ™|

Simple to determine:
« Insulation ratio = R./R,

Trend Lines for Insulation Ratios by Vapor Retarder Class

2.8
.',
25 23,
e
2
° 177
£ s
2 Ld
5
2 1% 137
ki K
2 ° 11
g
. 0.0+ . .0
.
‘ 0.5 . 05
05 0% o35 e 035 .e
® 02 e 02 | ______ o
" ....|,.v
0
0 5000 10000 15000

Heating Degree Days (65F)

Vapor Retarder

" (Class I, II, or I
depending on R./R; and
climate)

20000

® Class I/l VR - Insulation Ratios
®  Class I VR - Insulation Ratios
® NoVR-Insulation Ratios
«see«« Linear (Class I/l VR - Insulation Ratios)
y =4E-05x- 0.175

=++=++« Linear (Class Il VR - Insulation Ratios)
y =8E-05x-0.25

--------- Poly. (No VR - Insulation Ratios)
y =-7E-09x? + 0.0003x - 0.6452

-
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SUMMARY:
US Code + Canadian Code = Complete Approach

= U.S. codes give incomplete guidance.
= (Canadian code gives incomplete guidance.

= Both taken together are reasonably complete.

SOLUTION: Unify North American codes and experience
and investigate need for any incremental improvements.




Two Unifying Design Approaches — Same Objective

Water Vapor Source Exterior Cl
. Condensation plane Indoor RH (winter) ~~ ‘ ,
Condensation /(summer) Outdoor RH (summer) (low perm) - Modest’ vapor

retarder

plane (winter)
Warm surface

(restrict dew point
occurrences)

‘Strong’ vapor
retarder

Vapor permeable
exterior
(non-insulated)

The

. Water
stricted vapor

w to cold surfaces Va por
Control
cy to dry to the Tendency to dry

r during Winter Trlangle the interior duri

Spring, Summer

— o oy

oderated vapor
ow in winter

o -
-
- ~o - §\\

. . . - Control Internal N
Control Moisture Vapor Diffusion RN 4 \
Control of vapor flow into and ] Surface Temperatures

out of an assembly (flow direction changes y N \Control surface temperatures to prevent moisture ,

)
\ . . - - /
) - condensation or high surface humidit
S~ o with seasons) - SS g o -
-~ — - - - — —-— - -
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Two Unifying Designh Approaches — Different Emphasis

Permeance controlled design Temperature controlled design

= Applies to walls: = Applies to walls:
« Without exterior insulation « With exterior insulation of any permeance
« Or, with vapor-permeable exterior * Including very low perm
_'”S”'at'on = Only requires control of insulation
= Relies on permeance of all ratio (R./R.)
e I

interior and exterior Iayers « Insulation ratio varies by climate and in

* Interior & exterior must be checked relation to selected interior vapor retarder
and balanced!

« Permeance of exterior materials not
always known or reliably
reported/controlled

« Not required to be checked by US code

(except HUD Code has permeance ratio) ’\
IAN=R1E



Two Unifying Designh Approaches — Many Applications

= Non-material specific and impartial
= (Covers a wide range of wall designs:
|

CAVITY INSULATION ONLY =>CAVITY + CONTINUOUS HYBRI
|

I INTERIOR VAPOR RETARDER /lf |~ FPISR-VALUE (Re) (AS REQUIRED)

(CLASS |, II, OR llI) AS REQUIRED

_— FPIS R-VALUE (Re) (AS REQUIRED)

—— CAVITY INSULATION R-VALUE (Ri)

b

—— EMPTY CAVITY

—— EXTERIOR VAPOR PERMEANCE
NET PERM =

INTERIOR VAPOR RETARDER
(CLASS I, II, OR Ill) AS REQUIRED

‘//— NO INTERIOR VR

. STRUCTURAL SHEATHING (AS REQUIRED) __——— STRUCTURAL SHEATHING (AS REQUIRED)

—— CAVITY INSULATION R-VALUE

/— GYPSUM & VR

| _— SIDING, WRB, SHEATHING, AB

NN —— ALL "CONTROL LAYERS " (WRB, AB, R-VALUE)
11 TO THE EXTERIOR SIDE ("PERFECT WALL")

-
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_— SIDING

—— SEPARATE WRB (IF FPIS NOT USED AS WRB)
LOCATE INWARD OF FPIS IF WRB IS LOWER PERM
THAN FPIS OR OTHER EXTERIOR INSULATION

o

e g o o Y o

INEEEEELEEEEEEEEEEEEEEEEENEEE

i ——— S
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Design Method A: Permeance Control Method B: Temperature Control
LD{i'C I'_:"JW with Predominant Drying to Exterior with Predominant Drying to Interior
pplies (e.g., Cavity Insulation Walls) (e.g., Continuous Insulation Walls) F k f
equally to all
methods) Climate SEE FIGURE A1 SEE FIGURE A2 ra m eWO r 0 r
(1) Interior l:one D Interior Vapor Retarder Class Interior Vapor Retarder Class
: . ater Vapor Contro
PR [ I T | I T None _ o _
(perm<0.1) | (0.1<perm<1) | (1<perm<10) {perm=0.1) (0.1<perm=1) | (1<perm=10) (US| ng prescri pt|ve “Cook book” des|gns>
Minimum Total Exterior Permeance®d Minimum Total Exterior Permeance®
1 NP No minimum NP
(2) Exterior 2 NP {IBC 2015) No minimum NP {IBC 2015)
Vapor 3 (IBC 2015) Mo minimum | Mo minimum (IBG 20135)
Permeance 4 0.5 perm 3 perm® No Minimum | No Minimum No . .
5 5 [Oopem' | 3pem | 5pemw | vore poan wimm | Based on compilation of US
3 1 pem 5 perm 15 Derme See NDtE‘ T requires Class [II
p pe pe {NOTE: I8C 2015 VRIFFPIS < 1 d C d . b . | d . d
7 1 pem 10 perm NP requires Class Ill VR i perm)
(3) Cavity Maximum Cavity Insulation R-value? Maximum Cavity Insulation R-value? (Ri) . .
insulaion | | oy T T 26 | gy 28| M and practices plus extensive
Conditions Zone — R28 (up to 2x8 construction) {Ri 3 | jany | B | ® iF!—x13] (R- | required .
> Ky | 20 » | mars | review of research and
Minimum R-value for Continuous - i i :
: Minimum R-value for Continuous Insulation (Re)h . .
insuiation _ | analysis of actual field data.
1 NP NP R-2ci R-2ci
2 (IBG 2015) (IBG 2013) R-2ci R-2ci
3 NP NP R-2ci R-2ci R-2ci
(1B 2015) (1B 2015) R- R- Source: Assessment of Water Vapor Control
4 R-2ci 25¢ | 3.8ci | ora5C ’ , .
() ReR=02 | (Re/Ri=09) Methods for Modern Light-frame Wall Assemblies,
Continuous Re=0ci, No continuous insulation e | R R R R R paeg ABTG Research Report 1410-03, 2015
Insulation 9 ired 2 Bci 40ci | 26¢ci | 40ci | 46¢ | 7.0ci (Re/Ri=1.3)
Requirements requl Re/RI=0.2 Re/Ri=02 Re/Ri=0.35 '
o R- R- R | R- R- R- .
> 6 o 26ci | 40ci | 26ci | 40ci | 85 | 10c | o250
permitted whare minimum RRER':H'QR SEHR':D‘RZ Re:RpD.;
total exterior permeance o . - | R-10ci ~ R-12ci
T 4 fici 7 0ci 4 fci | 7.0ci 16ci =
valies are mel) - Re/Ri=0.35 Re/Ri=0.35 ReR=08 | oRi=23)
R- R- 1 R .
65ci | 10ci | N4 | ao [R;'Fli‘f;' .
Re/Ri=0.5 Re/Ri=1.1 -
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Simplified Permeance-
Controlled Design

MINIMUM WATER VAPOR PERMEANCE (WVP)
FOR MATERIAL LAYERS LOCATED ON THE EXTERIOR SIDE OF WALL STUDS akc

CLIMATE ZONE INTERIOR VAPOR RETARDER CLASS
C t | | t O | " Class | Class Il Class Il
avity Insulfation Unly 1 Class | not permitted Classlll n%t No minimum WVP
permitted
. Class Il not -
/1/ INTERIOR VAPOR RETARDER Class | not permitted permitted® No minimum WVP
f (CLASS |, I, OR 1ll) AS REQUIRED 3 Class | not permitted | No minimum WVP | No minimum WVP
. rm (Marine 4
1 EXTERIOR VAPOR PERMEANCE 4 OI 5 peh (Ma Cle |
NET PERM = only) ot erwise Class 0.5 perm 3 perm
[(1/1,1) +(Yp,) + -] not applicable
I 5 0.5 perm 3 perm 5 perm
——— CAVITY INSULATION R-VALUE 6 1 perm 5 perm 15 perm
GYPSUM & VR 7 1 perm 15 perm Not permitted
e 8° 1.5 perm Not permitted Not permitted
For SlI: 1 perm = 57.2 ng/s-m?-Pa
L SIDING, WRB, SHEATHING, AB a. The WVP of materials on the exterior side of the wall studs shall be permitted to be determined using Method A (‘dry cup’) or Method B (‘wet-cup’) of
n ASTM E96 for the purposes of compliance with this table.
b. Where there is more than one layer to the exterior side of wall studs, the net water WVP of the layers comprising the exterior wall covering assembly,
v excluding vented claddings, shall be determined using the following equation: Net WVP (perms) = 1/[1/perm1 +1/perm2 + 1/perm3 + etc.], where
‘perm#’ is the WVP of each individual layer exterior to the wall studs. Perm ratings for each material layer shall be based on approved test data
representative of the actual product, including all component layers of composite products.
* : c. Where exterior continuous insulation of any amount is used in accordance with this table in lieu of Table AV103(2), its water vapor permeance shall be
Can also include a ny amou nt of considered in accordance with footnote ‘b’.
continuous insulation com plyi ng d. In Climate Zones 1 and 2, a Class Il vapor retarder shall be permitted where the WVP of the vapor retarder is greater than 1 perm as measured in
ith . limi accordance with Method B (‘wet-cup’) of ASTM E96.
with exterior permeance Iim its e. The WVP requirement for Climate Zone 8 is based on a maximum 16,200 heating degree days (65°F basis) [9,000 heating degree days (18°C

basis)]. Where this heating degree day limit is exceeded, a design shall be required to determine the minimum required water vapor permeance for
materials on the exterior side of the assembly.

-
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TABLE 1

MINIMUM WATER VAPOR PERMEANCE (WVP)

FOR MATERIAL LAYERS LOCATED ON THE EXTERIOR SIDE OF WALL STUDS  a,b,c

		CLIMATE ZONE

		INTERIOR VAPOR RETARDER CLASS



		

		Class I

		Class II

		Class III



		1

		Class I not permitted

		Class II not permittedd

		No minimum WVP



		2

		Class I not permitted

		Class II not permittedd

		No minimum WVP



		3

		Class I not permitted

		No minimum WVP

		No minimum WVP



		4

		0.5 perm (Marine 4 only) otherwise Class I not applicable

		0.5 perm

		3 perm



		5

		0.5 perm

		3 perm

		5 perm



		6

		1 perm

		5 perm

		15 perm



		7

		1 perm

		15 perm

		Not permitted



		8e

		1.5 perm

		Not permitted

		Not permitted





For SI:  1 perm = 57.2 ng/s-m2-Pa

a. The WVP of materials on the exterior side of the wall studs shall be permitted to be determined using Method A (‘dry cup’) or Method B (‘wet-cup’) of ASTM E96 for the purposes of compliance with this table.

b. Where there is more than one layer to the exterior side of wall studs, the net water WVP of the layers comprising the exterior wall covering assembly, excluding vented claddings, shall be determined using the following equation:   Net WVP (perms) = 1/[1/perm1 +1/perm2 + 1/perm3 + etc.], where ‘perm#’ is the WVP of each individual layer exterior to the wall studs. Perm ratings for each material layer shall be based on approved test data representative of the actual product, including all component layers of composite products.

c. Where exterior continuous insulation of any amount is used in accordance with this table in lieu of Table AV103(2), its water vapor permeance shall be considered in accordance with footnote ‘b’.

d. In Climate Zones 1 and 2, a Class II vapor retarder shall be permitted where the WVP of the vapor retarder is greater than 1 perm as measured in accordance with Method B (‘wet-cup’) of ASTM E96.

e. The WVP requirement for Climate Zone 8 is based on a maximum 16,200 heating degree days (65oF basis) [9,000 heating degree days (18oC basis)]. Where this heating degree day limit is exceeded, a design shall be required to determine the minimum required water vapor permeance for materials on the exterior side of the assembly.


Simplified Temperature-

Controlled Design

TABLE 2

MINIMUM INSULATION RATIO OR CONTINUOUS INSULATION R-VALUE FOR WOOD-FRAME WALLS

WHERE EXTERIOR CONTINUOUS INSULATION (ci) IS USED #b-

Cavity* + Continuous + Interior VR Clmate ]| oo, Vapor Retarder (VR) Class
B ] Zone | Degree Days Class I Class Il Class Il No VR?

/f EE j\ |~ FPIS R-VALUE (Re) (AS REQUIRED) (65F basis)
7;; |~ CAVITY INSULATION R-VALUE (R) 1 N/A Class | not Class Il not R-2ci R-2ci
57;; < INTERIOR VAPOR RETARDER permitted permitted® minimu'm minimgm
i % (CLASS |, 1I, OR Ill) AS REQUIRED 2 N/A Class | not Class Il not R-2ci R-2ci
‘/’E = STRUCTURAL SHEATHING (AS REQUIRED) cp))lermlitedt pelr?mlz’(tc.ede mlglrznu'm minimum
CHESL  some 3 3,600 ass ' no el R-cl 0.4
o permitted minimum minimum
- _ SEPARATE WRB (IF FPIS NOT USED AS WRB) 4 5.400 Class | not R-2ci 0.2
Jiia LOCATE INWARD OF EPIS IF WRB IS LOWER PERM ’ permitted minimum
als THAN FPIS OR OTHER EXTERIOR INSULATION 5 7,200 0.2 0.2 0.35 13

6 9,000 0.2 0.2 0.5 1.7

7 12,600 0.35 0.35 0.8 2.3

8f 16,200 0.5 0.5 1.1 2.8

Continuous Only (No VR)

For SI: 1 heating degree day (65°F basis) = 0.56 heating degree days (18°C basis)

a. Insulation ratio is the exterior continuous insulation R-value divided by the cavity insulation R-value.
B b. Interpolation of insulation ratios using a site-specific heating degree day value shall be permitted.
" FPIS R-VALUE (Re) (AS REQUIRED) c. In addition to the vapor retarder, spray foam with a maximum permeance of 1.5 perms at the installed thickness, applied to the interior side

 EMPTY CAVITY of wood structural panels, fiberboard, insulating sheathing or gypsum is deemed to meet the insulation ratio requirement where the spray
7 foam R-value plus continuous insulation R-value, if any, meets or exceeds the R-value determined for continuous insulation using the
e NO INTERIOR VR tabulated insulation ratio.
- d. Where there is no cavity insulation, the R-value of any material layers, air-space, and air-film to the interior side of the exterior continuous
| STRUCTURAL SHEATHING (AS REQUIRED) insulation shall be used to determine the insulation ratio in accordance with footnote ‘a’.
e. In Climate Zones 1 and 2, a Class Il vapor retarder shall be permitted where the WVP of the vapor retarder is greater than 1 perm as
-~ ALL"CONTROL LAYERS " (WRB, AB, R-VALUE) measured in accordance with Method B (‘wet-cup’) of ASTM E96.
TO THE EXTERIOR SIDE ("PERFECT WALL") f.  The exterior continuous insulation requirement for Climate Zone 8 is based on a maximum 16,200 heating degree days (65°F basis)
[9,000 heating degree days (18°C basis)]. Where this heating degree day limit is exceeded, a design shall be required to determine the

insulation ratio.
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* Also applies where ccSPF is used in cavity




TABLE 2

MINIMUM INSULATION RATIO OR CONTINUOUS INSULATION R-VALUE FOR WOOD-FRAME WALLS 

WHERE EXTERIOR CONTINUOUS INSULATION (ci) IS USED a,b,c

		Climate Zone

		Maximum Heating Degree Days (65F basis)

		Vapor Retarder (VR) Class



		

		

		Class Id

		Class II

		Class III

		No VRd



		1

		N/A

		Class I not permitted

		Class II not permittede

		R-2ci minimum

		R-2ci minimum



		2

		N/A

		Class I not permitted

		Class II not permittede

		R-2ci minimum

		R-2ci minimum



		3

		3,600

		Class I not permitted

		R-2ci minimum

		R-2ci minimum

		0.4



		4

		5,400

		Class I not permitted

		R-2ci minimum

		0.2

		0.9



		5

		7,200

		0.2

		0.2

		0.35

		1.3



		6

		9,000

		0.2

		0.2

		0.5

		1.7



		7

		12,600

		0.35

		0.35

		0.8

		2.3



		8f

		16,200

		0.5

		0.5

		1.1

		2.8





For SI:  1 heating degree day (65F basis) = 0.56 heating degree days (18C basis)

a. Insulation ratio is the exterior continuous insulation R-value divided by the cavity insulation R-value. 

b. Interpolation of insulation ratios using a site-specific heating degree day value shall be permitted.

c. In addition to the vapor retarder, spray foam with a maximum permeance of 1.5 perms at the installed thickness, applied to the interior side of wood structural panels, fiberboard, insulating sheathing or gypsum is deemed to meet the insulation ratio requirement where the spray foam R-value plus continuous insulation R-value, if any, meets or exceeds the R-value determined for continuous insulation using the tabulated insulation ratio.

d. Where there is no cavity insulation, the R-value of any material layers, air-space, and air-film to the interior side of the exterior continuous insulation shall be used to determine the insulation ratio in accordance with footnote ‘a’.

e. In Climate Zones 1 and 2, a Class II vapor retarder shall be permitted where the WVP of the vapor retarder is greater than 1 perm as measured in accordance with Method B (‘wet-cup’) of ASTM E96.

f. The exterior continuous insulation requirement for Climate Zone 8 is based on a maximum 16,200 heating degree days (65oF basis) [9,000 heating degree days (18oC basis)]. Where this heating degree day limit is exceeded, a design shall be required to determine the insulation ratio.


Many ways to use design method to format prescriptive solutions...

Can be very simple...
Permeance Controlled Solutions (CZ 6 only): Temperature Controlled Solutions (CZ 6 only):

Minimum Exterior Continuous Insulation R-value
for Moisture Control in Climate Zone 61

Minimum Met Water Vapor Permeance (WVP) of Material Layers
on the Exterior Side of Vapor-Permeable Cavity Insulation in Climate Zone 6

Interior Vapor Retarder . . . Walls with Exterior Continuous Class | or Il Interior Vapor Retarder Class lll Interior Vapor Retarder
Gli:lss Walls with Cavity Insulation Only'2 Insulation Meeting Table A3 (polyethylene sheet, I'Izraft paper) (latex or enamgl paint)
I 1 perm See Note ‘& Wall Type Wall Type
Il 5 perm Mo minimum perm 2x4 walls 2x6 walls 2x4 walls 2x6 walls
Il 15 perm= No minimum perm R-3ci R-5ci R-7 5ci R-12ci
O r a I IOW m 0 re O ptl 0 n S/p reCIS I 0 n... Minimum Exterior Continuous Insulation R-value
for Moisture Control in Climate Zone 61
Heating Degree Class | or Il Interior Vapor Retarder Class Il Interior Vapor Retarder
Days . .(1 perm or less) . . _ (1<perm_$1 0) .
(Climate Zone 6) Min. Maximum Cavity Insulation R-value Min. Maximum Cavity Insulation R-value
Re/R; 2x4 walls 2x%6 walls Re/Ri 2x4 walls 2x6 walls
HDD65°F | HDD18°C | Ratio R-13 R-15 R-19 R-23 Ratio R-13 R-15 R-19 R-23

7,000 3,889 0.2 R-26¢ci | R-3ci | R-3.8¢ci | R-4.6¢i 0.33 R-43ci | R-5¢ci | R-6.3ci | R-7.6¢i

7,500 4167 0.2 R-26¢ci | R-3ci | R-3.8¢ci | R-4.6¢ci 0.38 R-49ci | R-57ci | R-7.2¢ci | R-8.7ci

8,000 4,444 0.2 R-26¢ci | R-3ci | R-3.8¢ci | R-4.6ci 0.42 R-55¢i | R63ci | R-8ci | R-9.7ci

8,500 4722 0.2 R-26¢ci | R-3ci | R-3.8¢ci | R-4.6¢i 0.46 R-6ci | R-6.9ci | R-8.7ci | R-11ci

9,000 5,000 0.2 R-2.6ci | R-3ci | R-3.8¢ci | R-4.6¢i 05 R-6.5¢i | R-7.5¢i | R9.5¢i | R-12ci

-
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Example 1

= Using insulation ratios to check energy code solutions and alternative
wall insulation strategies for adequate moisture durability.

« @Given: Assume the energy code requires R20+5ci (2x6 wall with R20 cavity

insulation and R5 continuous insulation). This is a “temperature-controlled wall”
wall in accordance with Table 2.

« Find: What is the maximum (coldest) permissible climate zone for this wall when
using a Class |, Il or Class Il interior vapor retarder?



Example 1

Maximum Vapor Retarder (VR) Class
Climate Heating

. . . Zone | Degree Days Class I Class Il Class Il No VR
Solution: First, determine the (65F basis) R e B Rz,
. . . ass | no ass Il no -2Ci -2Ci
|n8u|at|on rat|o’ R /R = 5/20 = 025 ! NIA permitted permitted® minimu_m minimqm
€ | 9 N/A Class Inot | Class Il not R-2ci R-2ci

. itted itted® ini ini
Per Table 2, the maximum/coldest ; oo [ Clssinot | R2o | Rao | g4

. . . ’ permitted minimum minimum )

climate zone is 6 with a Class | or |l 2 sap | Clssinal | Rzo 02
interior vapor retarder gnd Qllmate 5 200 02 02 035 13
Zone 4 with a Class lll interior vapor 1 R 0.35 0.35 08 2.3

retarder.

TABLE 2
MINIMUM INSULATION RATIO OR CONTINUOUS INSULATION R-VALUE FOR WOOD-FRAME WALLS
WHERE EXTERIOR CONTINUOUS INSULATION (ci) IS USED 2P<

For SI: 1 heating degree day (65°F basis) = 0.56 heating degree days (18°C basis)

Insulation ratio is the exterior continuous insulation R-value divided by the cavity insulation R-value.

oo

Interpolation of insulation ratios using a site-specific heating degree day value shall be permitted.
c. In addition to the vapor retarder, spray foam with a maximum permeance of 1.5 perms at the installed thickness, applied to the interior side

Using Footnote ‘b’ to interpolate
with HDD, this wall could be used
into the lower third of the next
colder climate zone (0.25 falls
between 0.2 and 0.35).

of wood structural panels, fiberboard, insulating sheathing or gypsum is deemed to meet the insulation ratio requirement where the spray
foam R-value plus continuous insulation R-value, if any, meets or exceeds the R-value determined for continuous insulation using the

tabulated insulation ratio.
Where there is no cavity insulation, the R-value of any material layers, air-space, and air-film to the interior side of the exterior continuous
insulation shall be used to determine the insulation ratio in accordance with footnote ‘a’.
In Climate Zones 1 and 2, a Class Il vapor retarder shall be permitted where the WVP of the vapor retarder is greater than 1 perm as
measured in accordance with Method B (‘wet-cup’) of ASTM E96.
The exterior continuous insulation requirement for Climate Zone 8 is based on a maximum 16,200 heating degree days (65°F basis)

[9,000 heating degree days (18°C basis)]. Where this heating degree day limit is exceeded, a design shall be required to determine the

insulation ratio.

-
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TABLE 2

MINIMUM INSULATION RATIO OR CONTINUOUS INSULATION R-VALUE FOR WOOD-FRAME WALLS 

WHERE EXTERIOR CONTINUOUS INSULATION (ci) IS USED a,b,c

		Climate Zone

		Maximum Heating Degree Days (65F basis)

		Vapor Retarder (VR) Class



		

		

		Class Id

		Class II

		Class III

		No VRd



		1

		N/A

		Class I not permitted

		Class II not permittede

		R-2ci minimum

		R-2ci minimum



		2

		N/A

		Class I not permitted

		Class II not permittede

		R-2ci minimum

		R-2ci minimum



		3

		3,600

		Class I not permitted

		R-2ci minimum

		R-2ci minimum

		0.4



		4

		5,400

		Class I not permitted

		R-2ci minimum

		0.2

		0.9



		5

		7,200

		0.2

		0.2

		0.35

		1.3



		6

		9,000

		0.2

		0.2

		0.5

		1.7



		7

		12,600

		0.35

		0.35

		0.8

		2.3



		8f

		16,200

		0.5

		0.5

		1.1

		2.8





For SI:  1 heating degree day (65F basis) = 0.56 heating degree days (18C basis)

a. Insulation ratio is the exterior continuous insulation R-value divided by the cavity insulation R-value. 

b. Interpolation of insulation ratios using a site-specific heating degree day value shall be permitted.

c. In addition to the vapor retarder, spray foam with a maximum permeance of 1.5 perms at the installed thickness, applied to the interior side of wood structural panels, fiberboard, insulating sheathing or gypsum is deemed to meet the insulation ratio requirement where the spray foam R-value plus continuous insulation R-value, if any, meets or exceeds the R-value determined for continuous insulation using the tabulated insulation ratio.

d. Where there is no cavity insulation, the R-value of any material layers, air-space, and air-film to the interior side of the exterior continuous insulation shall be used to determine the insulation ratio in accordance with footnote ‘a’.

e. In Climate Zones 1 and 2, a Class II vapor retarder shall be permitted where the WVP of the vapor retarder is greater than 1 perm as measured in accordance with Method B (‘wet-cup’) of ASTM E96.

f. The exterior continuous insulation requirement for Climate Zone 8 is based on a maximum 16,200 heating degree days (65oF basis) [9,000 heating degree days (18oC basis)]. Where this heating degree day limit is exceeded, a design shall be required to determine the insulation ratio.


Example 2

= Verify compliance of a conventional 2x6 (cavity insulation only) wall
assembly in Climate Zone b with exterior permeance requirements for
water vapor control.

« Given: Assume the energy code requires minimum R-20 cavity insulation and the
product used is vapor permeable (e.g., fiberglass, cellulose, etc.). This is a
“permeance-controlled” wall assembly in accordance with Table 1. Also assume
that 7/16" OSB sheathing is used (typical wet cup vapor permeance ~ 3.8 perm —
verify with manufacturer) together with a 10 perm building wrap and a vented
cladding (e.g., anchored brick veneer).

« Find: What Class of interior vapor retarder is permitted for use with this assembly
in Climate Zone 57



Example 2

Solution: First, determine the
net vapor permeance of the
exterior material layers
(excluding the vented cladding)
in accordance with Note ‘c’ of
Table 1. Thus, net permeance =
1/10(1/3.8) + (1/10)] =1/ 0.36
= 2.75 perm.

This is just under the minimum
3 perm required by Table 1 for
use with a Class Il (e.g., Kraft
paper) vapor retarder. Thus, a
Class | vapor retarder is
required.

TABLE 1
MINIMUM WATER VAPOR PERMEANCE (WVP)
FOR MATERIAL LAYERS LOCATED ON THE EXTERIOR SIDE OF WALL STUDS 2bc

CLIMATE ZONE INTERIOR VAPOR RETARDER CLASS
Class | Class | Class lll
1 Class | not permitted Class.II nc[)jt No minimum WVP
permitted
Class | not permitted Class llnot |\ minimum Wvp
permitted
Class | not permitted | No minimum WVP | No minimum WVP
0.5 perm (Marine 4
4 only) otherwise Class | 0.5 perm 3 perm
not applicable
5 0.5 perm 3 perm 5 perm
6 1 perm 5 perm 15 perm
7 1 perm 15 perm Not permitted
8¢ 1.5 perm Not permitted Not permitted

For SI: 1 perm = 57.2 ng/s-m?-Pa

. The WVP of materials on the exterior side of the wall studs shall be permitted to be determined using Method A (‘dry cup’) or Method B (‘wet-cup’) of

ASTM E96 for the purposes of compliance with this table.

. Where there is more than one layer to the exterior side of wall studs, the net water WVP of the layers comprising the exterior wall covering assembly,

excluding vented claddings, shall be determined using the following equation: Net WVP (perms) = 1/[1/perm1 +1/perm2 + 1/perm3 + etc.], where
‘perm# is the WVP of each individual layer exterior to the wall studs. Perm ratings for each material layer shall be based on approved test data
representative of the actual product, including all component layers of composite products.

. Where exterior continuous insulation of any amount is used in accordance with this table in lieu of Table AV103(2), its water vapor permeance shall be

considered in accordance with footnote ‘b’.
In Climate Zones 1 and 2, a Class |l vapor retarder shall be permitted where the WVP of the vapor retarder is greater than 1 perm as measured in

. accordance with Method B (‘wet-cup’) of ASTM E96.
. The WVP requirement for Climate Zone 8 is based on a maximum 16,200 heating degree days (65°F basis) [9,000 heating degree days (18°C

basis)]. Where this heating degree day limit is exceeded, a design shall be required to determine the minimum required water vapor permeance for

materials on the exterior side of the assembly.
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TABLE 1

MINIMUM WATER VAPOR PERMEANCE (WVP)

FOR MATERIAL LAYERS LOCATED ON THE EXTERIOR SIDE OF WALL STUDS  a,b,c

		CLIMATE ZONE

		INTERIOR VAPOR RETARDER CLASS



		

		Class I

		Class II

		Class III



		1

		Class I not permitted

		Class II not permittedd

		No minimum WVP



		2

		Class I not permitted

		Class II not permittedd

		No minimum WVP



		3

		Class I not permitted

		No minimum WVP

		No minimum WVP



		4

		0.5 perm (Marine 4 only) otherwise Class I not applicable

		0.5 perm

		3 perm



		5

		0.5 perm

		3 perm

		5 perm



		6

		1 perm

		5 perm

		15 perm



		7

		1 perm

		15 perm

		Not permitted



		8e

		1.5 perm

		Not permitted

		Not permitted





For SI:  1 perm = 57.2 ng/s-m2-Pa

a. The WVP of materials on the exterior side of the wall studs shall be permitted to be determined using Method A (‘dry cup’) or Method B (‘wet-cup’) of ASTM E96 for the purposes of compliance with this table.

b. Where there is more than one layer to the exterior side of wall studs, the net water WVP of the layers comprising the exterior wall covering assembly, excluding vented claddings, shall be determined using the following equation:   Net WVP (perms) = 1/[1/perm1 +1/perm2 + 1/perm3 + etc.], where ‘perm#’ is the WVP of each individual layer exterior to the wall studs. Perm ratings for each material layer shall be based on approved test data representative of the actual product, including all component layers of composite products.

c. Where exterior continuous insulation of any amount is used in accordance with this table in lieu of Table AV103(2), its water vapor permeance shall be considered in accordance with footnote ‘b’.

d. In Climate Zones 1 and 2, a Class II vapor retarder shall be permitted where the WVP of the vapor retarder is greater than 1 perm as measured in accordance with Method B (‘wet-cup’) of ASTM E96.

e. The WVP requirement for Climate Zone 8 is based on a maximum 16,200 heating degree days (65oF basis) [9,000 heating degree days (18oC basis)]. Where this heating degree day limit is exceeded, a design shall be required to determine the minimum required water vapor permeance for materials on the exterior side of the assembly.


Example 2

= However, there are alternative solutions:

« For example, one could use a sheathing product with a minimum permeance of 4.3
perm (e.g., %" plywood sheathing, fiberboard, etc) which would result in a net vapor
permeance of 3.0 perms or greater, allowing use of a Class Il vapor retarder.

« Alternatively, the OSB sheathing can be used (assuming it has a wet cup vapor
permeance of 3.8 perm or greater) with a building wrap or other water resistive
barrier having a permeance of at least 15 perms.

— Thus, the net permeance =1/ [(1/3.8) + (1/15)] =1/ 0.33 = 3.03 perm which would
also allow use of a Class Il interior vapor retarder instead of a Class I.

— Using a non-vented cladding material of low water vapor permeance will require similar
adjustments (or conversion to a vented cladding using furring) to achieve a similarly
suitable design.



S | tal Design Considerati L
upplemental Design Considerations e
moisture
content
CAN YOU HAVE TOO MUCH PERMEANCE? -
Yes! (in some conditions) -
Ew
£
Recommendation:
The Net WVP of exterior layers between the cladding ‘“”L —
and sheathing (e.g., the WRB or continuous insulation) 0
ShOUld nOt exceed ~1O Derm 0.1 ' WRB Perm Rating (U.S. Perms) ® @
= This prevents solar-driven inward moisture | o T e e |
movement, Where d|rect-app||ed (unvented) Figure 16. Peakexterlor5|de5heath|ngM:e?r)r:e‘la:]r::.é;.ln&Poly,and1|n.+Kraftatvar|0usWRB
.reservow Cla_ddmg (Iathered V,en_eer’ stucco, etC'> Peak moisture content (wetting) of exterior sheathing
is used on air-conditioned buildings. increases as the permeance of the exterior insulation
= This is primarily a concern in warmer and more humid and/or WRB approaches and exceeds ~ 10 perm
climates but can extend up into Climate Zone 5. oot e ating Shasthiog, U DOE. Buiding Tammelogi Ofice,

Building America Program

= (Can also be addressed by increasing back-ventilation

of reservoir cladding. ’.
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Supplemental Desigh Considerations

CAN YOU HAVE TOO LITTLE PERMEANCE?
Yes! (in some conditions)

For all wall assembly types in climates with severe wind-driven rain hazard (see next slide), avoid
use of “double vapor barriers*” (e.g., Class | vapor retarder on interior and << 1 perm net water
vapor permeance material layers on exterior).
. Use a Class Il VR (preferably a “smart” VR like Kraft paper) or Class Ill VR to promote drying to interior
or high perm materials on the exterior to promote drying to the exterior.

. Use of pan flashings below window sills and door thresholds highly recommended to prevent wetting
from rain intrusion in the first place. All flashings and WRB installation should be inspected/verified
before concealment.

* The concern is not with “double vapor retarders.” Many walls are “double vapor retarders” because both
sides of typical wall assemblies provide resistance to water vapor diffusion (some more than others).

-
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Supplemental Desigh Considerations

= IMPORTANT NOTES FOR PREVIOUS SLIDE:

. Drying potential (breathability) is not a “cure all” for leaky walls and components.
Taken to an extreme, it can lead to “too much permeability” or inattention to the
primary concern with preventing leaks or properly specifying insulation location and
vapor retarders.

. Class | vapor retarders are not permitted in climate zones 1-4 already (except Marine
4), so this recommendation applies mainly to the Northwest and Northeast
seaboards of the US (see next slide).

. Use of a Class | or Il “smart” (responsive) vapor retarder is now recognized in the 2024
codes to promote inward drying and restrict outward (winter) vapor movement.

= For additional info on double vapor barriers, refer to: “Doubling Down: How Come
Double Vapor Barriers Work?” (Dr. Lstiburek, ASHRAE Journal, Jan. 2016).



Wind-driven Rain & Climate Zone Maps

Warm-Humid
Below White Line

All of Alaska is in Zone 7 except
for the following boroughs which
are in Zone 8: Bethel, Dellingham,

Fairbanks N. Star, Nome, North Slope, é‘)”e L Eclu?e;Hawaila 1
. . Northwest Arctic, Southest Fairbanks, uam, PUerto Rico, an
=SEVERE = 31.5in/yr or greater o de“lilamp{on' Yukgn_Koyuk'uk the Virgin Islands
MODERATE = 15.8 to 31.5 in/yr ’

LILOW = <15.8 infyr WIND DRIVEN RAIN (in/yr)

-
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Alternative Designs by Analysis

= |nsulation ratios and permeance requirements discussed earlier are
“simplified” solutions to give reasonable and reliable answers for many
common conditions.

= \Where alternate or more precise solutions are desired or necessary,
various means of hygrothermal analysis are available to help.

« These design tools generally require some degree of expertise to properly use
and interpret results

« A professional should be consulted.

 Results may be precise, but are never more accurate than the inputs and
assumptions (GIGO).



Conclusion

= Summary:

« 5 Key Building Science Concepts for moisture-resistant & energy
efficient construction

« Terms important to the “trade”

« Current US and Canadian building code provisions
« Two Unified Design Approaches

« Example Applications (prescriptive and design)

« Supplemental Design Considerations



QUESTIONS?

Jay Crandell q

www.aresconsulting.biz

Please submit any questions through
the Continuous Insulation website at
continuousinsulation.org/contact.



http://www.aresconsulting.biz/
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