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= 5 building science concepts

= Research supporting 2021 code for water vapor control
= New 2021 code provisions for water vapor control

= Design guides, aids, and on-line calculator tools to coordinate
energy/building code compliance

= Design example




Energy Code Advancements

= Major advancement of building energy code IECC

occurred in 2012 (~30% increase in energy
efficiency, reduction in energy use).

= For 2015 and 2018 IECC there were
insignificant changes in envelope
provisions.

= |n 2021 IECC, significant but more selective
energy efficiency improvements have
occurred.
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|[ECC Prescriptive R-values & U-factors

(Light Frame Commercial Construction)

Metal Framed

Wood Framed

Climate Zone Building Use 2018 IECC 2021 IECC 2018 IECC 2021 IECC
All other
0Oand 1 Groun R R13+5ci R13+5ci
P (U-0.077) (U-0.077)
) All other
Group R ) R13+3.8ci or R20
3 All other . R13J(r3;§‘30'6% R20 (U-0.064)
Group R R13+7.5ci :
(U-0.064)
4 Except A” Other
Marine Group R R13+7.5ci
All other (U-0.064) R13+10ci
Marine 4
5 and Marine Group R (U-0.055)
All other R13+7.5¢i or
6 Grouo R R13+12.5ci R13+7.5ci or R20+3 8|Ci
P (U-0.049) R20+3.8ci (U-0.051)
All other (U-0.051) e
7 Group R R13+15.6¢i R13+15.6¢i
P (U-0.052) (U-0.042)
All other RIS+7.5ci R13+15.6ci
. (U-0.064) R18+18.8ci R;O+iocclior R13+18.8ci
Groun R R13+17.5ci (U-0.037) (U-0.036) (U-0.032)
P (U-0.045)
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Table based on IECC-Commercial
Provisions, Tables C402.1.3 and C402.1.4.
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R-value Alternatives

= Alternative R-values can be determined by:

« Use of U-factors for equivalent assemblies
— Precalculated U—factocr]s for various R-value assemblies U N | NTEN DED CONSEQU ENCESI
(ASHRAE 90.1, Appendix A) « This flexibility can result in assemblies
— Cavity correction factor calculation method )
(IECC C402.1.4.2 and ASHRAE 90.1, Appendix A) that perform differently (better or
— New AISI S250 standard (not currently recognized in codes) \/\/Qrse) from a moisture control and
« Use of total UA method (e.g., use REScheck or COMcheck) durability perspective. This may also
« Use of building performance methods (e.g., building be the case for some prescribed R-
modeling/simulation path) value assemblies in the code
= Provides flexibility to have more options for energy (depending on the overall wall
code compliance assembly design per building code).
« But, are they all really equivalent? « More of an issue for wood framing
« Can changing insulation amounts or locations on the than steel framing (due to differences
assembly change the way the assembly handles moisture in ci R-values prescr]bed)

even if thermal performance remains the same?

-
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Coordinated Building @
Code Advancements IBC

BUILDING
CODE’

« To help avoid unintended consequences of complying with /4
the energy code. R‘

 |Insulation materials, amounts, and their location on a building
assembly can affect moisture control, for good or bad RESIDENTIAL CODE'

« Building materials and their properties and locations within an
envelope assembly also affect moisture control and durability, for
good or bad.

e« Healthy and durable buildings require materials to be protected
against the effects of moisture (i.e., mold, corrosion, rot,
shrink/swell, degradation due to moisture cycling, etc.)

. Codes have been largely silent or incomplete on many of the key factors
that govern how an assembly will perform as a system in controlling
moisture.

. This has changed in the 2021 editions of the IRC and IBC, but first we Note errata for 2021 IBC for 1404.3
need to cover some background...




Key Building Science Concepts (BSC’s)

= Successful moisture control requires an integrated approach to b key
building science concepts:
1. 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)

= All are important, all vary in significance, all have inter-dependencies...
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BSC #1 - Rain Water Control

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

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

= (Conceptis simple:
Keep water out!

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

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

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

o Durability by Design — 2nd Edition

= Variation in cladding material/method
performance and variation in wind-driven
rain hazard are not differentiated in
the code.

WALL FRAMING
SHEATHING
WRE

CAVITY

CLADDING MATERIAL

WEATHER RESISTANCE IS
PROVIDED BY DEFLECTION
OF WATER, DRAINAGE AND
DRYING

DRAINED CAVITY METHOD



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? All claddings leak!
« WRB is required by code.
 But, not all WRBs are equal or subject to equivalent performance

criteria. For more information, go to continuousinsulation.org/WRB.

= Robust window flashing with pan flashing strongly
recommended (but not required by code)

«  WHY? Many windows/doors leak or will leak.

« Refer to window manufacturer, WRB, and flashing manufacturer
instructions. For additional information and installation guides,
go to continuousinsulation.org/window-installation.

« Standard installation
— Window buck installation
— Rainscreen installation

Flash all penetrations
o this level

Step 4 Install window

Pl

Step 5 Install self-adhered
jamb flashing

|

Step 6 Install self-adhered
head flashing and

termination tape top edge
of head flashing



https://www.continuousinsulation.org/applications/WRB
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
(increase risk of mold, condensation, rot, corrosion, etc.)
« Air can bypass insulation, rendering insulation less effective (increased
energy bills, discomfort, etc.)
. Air leakage can introduce moist air into assemblies increasing
the likelihood of at least localized moisture problems.

«  Similar to flashing defects resulting in a localized rain water
leaks that typically cause localized moisture problems

. Air leakage, under the right circumstances, can help an assembly
dry out, but this is unreliable, cuts both ways.

. It is better to prevent wetting by controlling water and air leaks
and use proper vapor control to promote diffusion drying (while
also minimizing seasonal diffusion wetting).



BSC #2 - Air Leakage Control

= Air barrier system installation requirements and
whole building air leakage testing requirements
are found in the energy code.

= The |[ECC does not specify where the
continuous 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).

= For additional guidance refer to
continuousinsulation.org/air-barrier.

or gasketed to top plate
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https://www.continuousinsulation.org/applications/air-barrier

Alr Barrier and Thermal
Barrier Allgnment

BSC #2 — Air Leakage Control

AlUc Alr Sealing

Attic Kneewalls

Shaft for Piping of Ducts
Dropped Celling/Sofmt

Stalrcase Framing at Exterdor Wall

. Many materials and methods of AB installation are available:
. Exterior sheathing with sealed joints
Sealed drywall installation
. Mechanically attached wraps with sealed joints
«  Adhered membranes
e«  Spray-applied coatings
«  Closed-cell spray foam
= 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.

* Inspection & air-leakage testing are important for
quality installations

Parch Rool

Flue or Chimney Shaft

L) (= ~ - o o e N

Allic Access

10} Recessed Lighting
1) Ducts
12} Whole-House Fan

13} Exterior Wall Penatrations

) Fireplace Wall
l_‘- Garage,/Living Space Walls
16} Cantllevered Floor

17) Rim Joists, S8 Plate, Foundation, Foor

18) Windows & Doors

18) Common Walls Between
= Attached Dwelling Units

Source: U.S. Department of Energy Air Leakage Guide

. 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).

-
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BSC #3 — Control Indoor Relative Humidity

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

 Acceptable indoor RH levels are not specified by the code in association with vapor
retarder and insulation requirements (they are implied)

Building ventilation requirements in the code for indoor air quality purposes
can help or harm indoor RH

« Balanced whole building ventilation methods are better than spot ventilation

« Ventilation in winter may cause excessively dry air (may need controlled humidification)

« Ventilation in summer may cause excessively humid air (may need controlled de-
humidification)

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

« Dehumidification should be considered and used as needed




BSC #3 — Control Indoor Relative Humidity

= |n general, summertime indoor RH should not
exceed 60%.

= |n the winter max recommended RH varies by
climate (25% to 40%)

« Lower indoor RH needed in colder climates for water
vapor control (unless envelope is designed to tolerate
higher RH levels)

e Minimum 40% preferred for respiratory health and
minimize disease/viral transmission

= Preferred indoor RH levels for building durability
and occupant comfort and health can be in conflict
 Must adjust water vapor control strategy accordingly

= Special conditions require special solutions
(e.g., pool rooms, saunas, hot tubs, etc.)

Winter Summer

'R'anje | 'Range |

Health ASHRAE Mildew

Problems | = Recommended N

4+

rowth

0 10 20 30 40 50 60 70 80 90 100

% Relative Humidity

N\ Research Report

ABTG

Healthy Buildings & the COVID-19 Pandemic:
Building Science for HVAC Systems
and Building Envelope Best Practices

ABTG Research Report No. 2006-01

Conducted for the Foam Sheathing Committee (FSC)
of the American Chemistry Council

Report Written by:

Applied Building Technology Group, LLC
appliedbuildingtech.com

For more information go to
continuousinsulation.org/healthy-buildings

-
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https://www.continuousinsulation.org/applications/healthy-buildings

BSC #4 — Control Initial Construction Moisture

=  Wet framing materials and wet-applied insulation
materials can overwhelm the moisture tolerance
of materials.
« This issue mainly affects the initial year of building operation.
« Canresult in mold or moisture-related damage to materials
such as moisture-sensitive sheathings and interior finishes.
= 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

-
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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.)
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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 Summary — 3 Rules for Moisture Control

Download resource at continuousinsulation.org/facts

Moisture Control for Wall Assemblies:

Building Robust Walls with Foam Plastic Insulating
Sheathing (FPIS) Continuous Insulation (ci)

RULE #1: Keep Water Vapor (Humid Air) Away from Cool Surfaces!

When installed in accordance with modem building code retarder) to controd outward vapor diffusion in the winter and
and energy code reguirements for continuous insulation and maintain inward vapor diffusion (drying) in the warmer sea-
water vapor confrol (see Cl's Quick Guide: Water Vapor Con- sons. This approach results in much dryer walls with a more
trol and wall calculataors), FPIS ci keeps water-sensitive mate- stable moisture content throughout all seasons of the year
nials inside the wall dry by maintaining a temperature above in comparison to walls that rely exclusively on the traditional
the dew point. Simply use the right R-value of FPIS ci for the use of interior vapor retarders without any temperature con-
wall assembly based on the climate zone and an appropri- trol provided by FPIS ci, as shown in Figures 1 and 2. Learn
ately specified interior vapor retarder (or no interior vapor maore about the use of FPIS for water vapor control here.

ERIOR VAPOR RETARDER FPIS R-WALUE [AS REQUIRED)

NI
(CLASS L, II, OR ) AS REGUIRED

CAVITY INSULATION RE-WALUE

INET PERM =
| INTERIOR VAPOR RETARDER

[AS NECESSARY)

1
[ )elmd + -]
CATY INSULATION R-VALLUE

GYPEUM & VR

SIDING, WRE, SHEATHING, A5 WRE [USE EXTERIOR SURFACE OF
FPI5 OR A SEPARATE WRE MATERIAL
TO INTERIOR OR EXTERIOR OF FPIS)

l Cavity Insulation only vs. wall with FPIS cl Insulation (see Figure 2 for performance comparison)

i_ 1 _. _I_I._!_ _?—_ T “.

Mol Cosbest B9 £ Hows

o " " . Inbarier Shasthleg Surtacs - Kbave Grids Cadty

Wity
Inbarior Shauthing Serisos - Abowe Grade Cavity

e b 1 A 3 Honn 1HW
- eam 4 10 e [
e L mrn B0 o e -

[B8) Walls with RS FPIS o keeping O5B sheathing dry

(&) Walls with R20 cavity insulation only consistenthy
experencing wet 058,

RULE #2: Minimize Air Leakage!

Leakage of moist air from the indoors or cutdeors into or
through a building assembly can easily overnide the func-
tion of vapor retarders. Minimize air l=akage by following
energy code requirements for use of continuous air barriers
and sealing of joints and gaps. It's not just an energy code
concem (although it does save a lot of energy).

‘When RULE #1 is followed and the FPIS ci is installed per
Figure 3 as a code compliant air barrier, walls are less
wulnerable to the conseguence of air leakage for two rea-
sons: (1) the FPIS ci will help limit air infiltration from the
exterior (especially if it is also used as the WRE system, see
RULE #3), and {2) it will alsoc reduce the potential for moist
air to condensate on or be adsorbed by moistura-sensitive
materials inside the wall because it controls the tempera-
ture of those materials. Find more information on use of
FPIS as an air barrier here.

RULE #3: Avoid Rain Water Intrusion!
Maost importantly, keep rain water out of walls by proper
use of cladding, drainage, water-resistive barrier (WRE),
and flashing as required by the building code and good
practice. Many FPIS ci preducts can be used as a code-
approved WREB system when installed in accordance with
the manufacturer's installation instructions. Approved FPIS
'WRE systems use durable joint treatments (2.g., joint tapes)
and flashing materials {e.g., adhered or fluid-applied flex-
ible flashings) as shown in Figure 4. FPIS WRB systems
are subject to some of the most stringent wall assembly
water-resistance test requirements. Find more information
on FPIS WRB systems here

a[Figure

FPIS WRB System installation using joint tapes and adhered flashings;
refer to manufacturer Installation Instructions for specific detalls.

e
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alueed or gaskeied to op plaie
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[ Figure 3.| FPIS cl Installed as an alr barrier

exterlor sheathing.

{

W[ Figure 2.| Comparison of 12 actual walls with and without RS FPIS cl

BOTTOM LINE: Use FPIS ci as continuous insulation, vapor control, air barrier, and water-resistive barrier to
create an efficient, robust, and moisture-resistant wall assembly for optimal performance and code compliance.
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Research Leading to 2021 IRC/IBC Provisions

ASTM INTERNATIONAL

Selected Technical F

Advances in
Hygrothermal
Performance of
Building Envelopes

STP1599

Assessment of Hygrothermal Performance and Design
Guidance for Modern Light-Frame Wall Assemblies
https://www.astm.org/DIGITAL LIBRARY/STP/PAGES/STP159920160097.htm

N\ Research Report

ABTG

Assessment of Water Vapor Control Methods
for Modern Insulated Light-Frame Wall Assemblies

ABTG Research Report No. 1410-03

Conducted for the Foam Sheathing Committee (FSC)
of the American Chemistry Council

Report Written By:

Applied Building Technology Group, LLC
appliedbuildingtech.com

Report Date

Final Report: November 25, 2015
Updated: January 13, 2021

https://www.appliedbuildingtech.com/rr/1410-03
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Research Findings

—#— IRCMIBL Class Il Re/Ri
—B—NBC Class || 35%RH Re/Ri
== Brown (2007) Class 1l S0%RH RefRi

=  Surveyed multiple field, test hut, and .

2 == Arown [2007) Class 1| B0%RH Re/Ri
modeling studies B
= Compared to U.S. and Canadian Code s i
. #  Craven G-5 (2014) Class I 40%RH
and PraCt|CeS EH A . ® GBA (2013) Class Il 7RH
. . i #  HIRL (2014) MI{1) Paint, 33%RH
= Confirmed where practices were g . . v a01e) e, o, 338 o
working well i S
. . E 1 - A - - |
= Conducted analysis where refinements e
needed P + Smegaletal [2012) Class 111 40%
] ——Smegal & Grin (2013) Class Il & 11l S50%RH
= Peer reV|eW6d a5 4 Craven G-5 (2012) Class | 40%RH

#—CMHC (2009) Class 11l 50%RH
B CMHC {2009) Class 111 S0%RH
CHML {2009) Class 11 50%ARH

Canadian practices to result
in 2021 IBC/IRC

= Unanimous approval at code hearings

1 i 1 Figure 14: JRC/IBC and NBC Wall Insulation Ratio Requirements Compared to Data Points
nc | u d In g a | l m aJ or Sta ke h O | d ers from Various Modeling, Test Hut, Case Studies, and Field Monitoring Studies Reported in the Literature
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Vapor Control Principles

= Two approaches to control water vapor:

« Permeance Controlled Design (permeance ratio)
« Temperature Controlled Design (insulation ratio, IR = Re/Ri)

R R.
. Water Vapor i '_‘
el Exterior C| e
Condensation plane - E//Gundensatmn plane 50”"*39 (low ;ﬂfrﬂ'l! - := ‘Modest’ vapor retarder
i e (summer) Indoor RH (winter) _;’J_/
(winter) &, - =I Outdoor RH (summer) e <3
1 _strong’ vapor retarder Warm surface ~gf >
Vapor permeable - o (restrict dew point -
exterior : DEcurrences) - d:
(non-insulated) ! The < _:
= Bcr flow Water - rated vapor flow
cold surfaces Vﬂp or . ﬂ ;
C O I'Itl'D' Tendency to d
QY o the : the inter.;‘nr dur‘{
Triang|
or during Winter rl a ng e Spring, Sumni
Control Moisture Control Internal
Vapor Diffusion Surface Temperatures
Control of vapor flow into and out Control surface temperatures to

of an assembly (flow direction prevent moisture condensation or
changes with seasons) high surface humidities



Insulation Ratio (Graphic Format)

(Temperature-controlled Design)

Trend Lines for Insulation Ratios by Vapor Retarder Class
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Class I/11 VR - Insulation Ratios

Class Il VR - Insulation Ratios
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y =-7E-09%% + 0.0003x - 0.6452

Source: http://www.appliedbuildingtech.com/rr/1410-03
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Insulation Ratio (Tabulated Format)
(basis of 2021 IBC and IRC for walls with continuous insulation)

MINIMUM INSULATION RATIO OR CONTINUQUS INSULATION R-VALUE
FOR LIGHT-FRAME WALLS WHERE EXTERIOR CONTINUQUS INSULATION (ci) IS USED 2b-=d

[

EEEEENSLENEEENANENE RN AR

e (e [ [

Climate Maximum Interior Vapor Retarder (VR) Class
Zone Heating Degree Class | Class i Class lll No VR*®
(Fig. 2) | Days (65F basis)
1 NIA NP NPf R-Zciminimum | R-2ci minimum
2 N/A NP NPf R-2ci minimum | R-2ci minimum
3 3,600 NP R-Zci minimum | R-2ci minimum 04
4 5,400 NP R-2ci minimum 0.2 09
5 7,200 0.2 0.2 0.35 1.3
6 9,000 02 02 05 1.7
7 12,600 0.35 0.35 0.8 2.3
g4 16,200 05 05 1.1 28

For SI: 1 heating degree day (65°F basis) = 0.56 heating degree days (18°C basis)
NP = indicated vapor retarder class is not permitted in the indicated Climate Zone.
Table Notes & Commentary:

Source: http://www.appliedbuildingtech.com/rr/1701-01

-

_— FPIS R-VALUE (Re) (AS REQUIRED)

_— CAVITY INSULATION R-VALUE (Ri)

INTERIOR VAPOR RETARDER
(CLASS |, Il, OR 1ll) AS REQUIRED

__— STRUCTURAL SHEATHING (AS REQUIRED)

—— SIDING

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

-
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Permeance Ratio
(not included in 2021 IBC and IRC)

MINIMUM NET WATER VAPOR PERMEANCE (WVP)
FOR MATERIAL LAYERS LOCATED ON THE EXTERIOR SIDE OF WALL STUDS 2b-=

Climate Zone Interior Vapor Retarder Class | l(g[igg)IRl?/giolﬁ)iESTsERgS:RI;ED
(Fig. 2) Class | Class Il Class llI ) o
1 NP NP4 No minimum —— EXTERIOR VAPOR PERMEANCE
2 NP NPd No minimum NETEERE L
3 NP No minimum No minimum [ [(%e,) + (p,) + ]
0.5 perm (Marine 4) and ——— CAVITY INSULATION R-VALUE
4 ] . 0.5 perm 3 perm
otherwise NP - GYPSUM&WR
5 0.5 perm 3 perm 5 perm
8 1 perm 5 perm 15 perm | SIDING, WRB, SHEATHING, AB
7 1 perm 15 perm NP Il
8= 1.5 perm NP NP 7

For SI: 1 perm = 57.2 ng/s-m*-Pa
MNP = indicated vapor retarder class is not permitted in the indicated Climate Zone
Table Notes & Commentary:

NOTE: For use with cavity insulation only walls, or walls that have
continuous insulation but inadequate insulation ratio.

Source: http://www.appliedbuildingtech.com/rr/1701-01 II
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2021 IRC & IBC Vapor Retarder Provisions

R702.7 Vapor retarders. Vapor retarder materials shall be

. lRC and lBC provisions are classified in accordance with Table R702.7(1). A vapor

similar. retarder shall be provided on the interior side of frame walls

of the class indicated in Table R702.7(2), including compli-

« Referto 2021 IBC errata for ance with Table R702.7(3) or R702.7(4) where applicable. An
Section 1404 .3 approved design using accepted engineering practice for
hygrothermal analysis shall be permitted as an alternative.

u Fil’St, the genera| The climate zone shall be determined in accordance with

Section N1101.7.

Exceptions:

requirements:
1. Basement walls.

2. Below-grade portion of any wall.

3. Construction where accumulation, condensation
or freezing of moisture will not damage the
materials.

4. A vapor retarder shall not be required in Climate
Zones 1, 2 and 3.

-

JAN\=J &




2021 IRC & IBC Vapor Retarder Provisions

Vapor retarder classes are broadly defined.

Based on static “dry cup” permeance only.

“Smart” (dynamic or responsive) vapor retarders are addressed separately as an

“adder” to these classes.

TABLE R702.7(1)
VAPOR RETARDER MATERIALS AND CLASSES

CLASS

ACCEPTABLE MATERIALS

Sheet polyethylene, nonperforated aluminum foil, or other approved materials with a perm rating of
less than or equal to 0.1.

Kraft-faced fiberglass batts, vapor retarder paint, or other approved materials applied in accordance
with the manufacturer’s installation instructions for a perm rating greater than 0.1 and less than or
equal to 1.0.

Latex pain, enamel paint, or other approved materials applied in accordance with the manufacturer’s
installation instructions for a perm rating of grater than 1.0 and less than or equal to 10.0.

-
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2021 IRC & IBC Vapor Retarder Provisions

= Second, VR permitted application by climate zone is tabulated.

= Footnotes address additional conditions of use such as “smart” vapor retarders and
use of foam sheathing continuous insulation with a Class |l “smart” vapor retarder.

TABLE R702.7(2)
VAPOR RETARDER OPTIONS

CLIMATE ZONE VAPOR RETARDER CLASS
CLASS I® CLASS IIF CLASS 11l
1,2 Not Permitted Not Permitted Permitted
3, 4 (except Marine 4) Not Permitted Permitted®© Permitted
Marine 4,5,6,7, 8 Permitted® Permitted® See Table R702.7(3)

a.  Class | and Il vapor retarders with vapor permeance greater than 1 perm when measured by ASTM E96 water method (Procedure
B) shall be allowed on the interior side of any frame wall in all climate zones.

b.  Use of a Class | interior vapor retarder in frame walls with a Class | vapor retarder on the exterior side shall require an approved
design.

€. Where a Class Il vapor retarder is used in combination with foam plastic insulating sheathing installed as continuous insulation on
the exterior side of frame walls, the continuous insulation shall comply with Table R702.7(4) and the Class Il vapor retarder shall
have a vapor permeance of greater than 1 perm when measured by ASTM E96 water method (Procedure B).

Footnote ‘b’ prevents double vapor barrier unless designed — generally meaning use of a Class | smart vapor retarder (see footnote ‘a’)
Footnote ‘c’ and Table R702.7(3) provide requirements when foam sheathing (‘ci’) is used. ’\
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2021 IRC & IBC Vapor Retarder Provisions

= Next, where the wall has a Class || VR and foam sheathing ci...

TABLE R702.7(4)
CONTINUOUS INSULATION WITH CLASS Il VAPOR RETARDER
CLIMATE ZONE CLASS Il VAPOR RETARDERS PERMITTED FOR:?
3 Continuous insulation with R-value = 2.
4,5, and 6 Continuous insulation with R-value = 3 over 2 x 4 wall.
Continuous insulation with R-value = 5 over 2 x 6 wall.
7 Continuous insulation with R-value = 5 over 2 x 4 wall.

Continuous insulation with R-value = 7.5 over 2 x 6 wall.
8 Continuous insulation with R-value = 7.5 over 2 x 4 wall.

Continuous insulation with R-value = 10 over 2 x 6 wall.

a.  The requirements of this table apply only to insulation used to control moisture in order to permit the use of Class
Il vapor retarders. The insulation materials used to satisfy this option also contribute to but do not supersede the
thermal envelope requirements of Chapter 11.

This is the “insulation ratio” in prescriptive form (same format as used in the existing Class Ill VR table shown in next slide)
As noted in footnote ‘c’ the Class Il VR must have a permeance of > 1 perm under “wet cup” ASTM E96 test (e.g., is a smart
vapor retarder). Generically, this means a Kraft paper facer on fiberglass batts (or similar).

-
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2021 IRC & IBC Vapor Retarder Provisions

= Finally, where a Class Illl VR is used...

TABLE R702.7(3)
CLASS 11l VAPOR RETARDERS

CLIMATE ZONE

CLASS Ill VAPOR RETARDERS PERMITTED FOR:*"

Marine 4
[or all of 4 for 2021 IBC]

Vented cladding over wood structural panels.

Vented cladding over fiberboard.

Vented cladding over gypsum.

Continuous insulation with R-value = 2.5 over 2 x 4 wall.

Continuous insulation with R-value = 3.75 over 2 x 6 wall.

Vented cladding over wood structural panels.

Vented cladding over fiberboard.

Vented cladding over gypsum.

Continuous insulation with R-value =5 over 2 x 4 wall.

Continuous insulation with R-value = 7.5 over 2 x 6 wall.

Vented cladding over fiberboard.

Vented cladding over gypsum.

Continuous insulation with R-value = 7.5 over 2 x 4 wall.

Continuous insulation with R-value = 11.25 over 2 x 6 wall.

Continuous insulation with R-value = 10 over 2 x 4 wall.

Continuous insulation with R-value = 15 over 2 x 6 wall.

Continuous insulation with R-value = 12.5 over 2 x 4 wall.

Continuous insulation with R-value = 20 over 2 x 6 wall.

As with the Class |l VR table, the
colder the climate the more ci R-value
required (greater insulation ratio) —
this is the temperature controlled
design approach. In CZ 7 & 8, this is
the only solution.

Also, as the climate gets colder a
higher exterior sheathing permeance
is required if not using ‘ci’ to protect
the wall from moisture accumulation
(same should apply with use of a
Class Il VR, but is not currently in the
code) — this is the permeance
controlled design, but only for Class Il

VR applications. ‘
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2024 IBC — Ci Only, No Interior Vapor Retarder

The “Perfect Wall” — all control layers on the exterior side of the assembly;
maximum protection of structure and maximum mitigation of thermal bridging.

[~ FPIS RVALUE (Re) (AS REQUIRED) TABLE 1404.3(5)
P —— CONTINUOUS INSULATION ON WALLS WITHOUT A CLASS I, Il, OR Ill
fir:i 0 INTERIOR VAPOR RETARDER?
it el CLIMATE ZONE | PERMITTED CONDITIONS®:<

4 Continuous insulation with R-value = 4.5
Continuous insulation with R-value = 6.5
Continuous insulation with R-value = 8.5
Continuous insulation with R-value > 11.5
Continuous insulation with R-value = 14

U | — STRUCTURAL SHEATHING (AS REQUIRED)

(i ALL “CONTROL LAYERS" (WRB, AB, R-VALUE)
I TO THE EXTERIOR SIDE (‘PERFECT WALL?)
oS
3

l_'_J

(ra Il el R

Generally, the energy code will require more insulation than needed
for water vapor control when using all exterior continuous insulation.

-
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Simplified Code-Compliance Guide

Download resource at continuousinsulation.org/quick-guides

GUIDE

Foam Plastic Applications
for Better Building

Sheathing (FPIS)

This reference gulde summarizes key requirements and op-
tlons In the 2021 Intemational Residential Code (IRC) and 2021
Intemational Bullding Coede (BC) for design and construction of
code-compliant and molstureresistant frame walls using foam
plastic insulating sheathing (FRIS) as continuous Insulation (ci).
When used In a code-complliant manner, FPIS cl protects walls
agalnst the effects of molsture by keeping walls warm to prevernt
condensation while maximizing drying to the Interior with proper
vapor retarder specification.

QU IGK 3 STEPS FOR CODE-COMPLIANT USE OF WATER
VAPOR RETARDERS and Foam Plastic Insulating

Continuous Insulation (cl)

Follow the three steps below for code-compliant water vapaor
control. For greater flexibility and to automate the application
of this reference guide, refer to these wall calculators. Vanous
melsture contrel research reports and cther practical guides are
also avallable here.

For a summary of key concepts and princlples for molsture con-
trol, refer to FACTS: Molsture Control for Wall Assemblies,

STEP 1: KNOW INTERIOR VAPOR RETARDER CLASSES

Use the following definitions for water vapor retarder classes when specifying Interor vapor retarders In accordance

with Steps 2 and 3:

TABLE R702.7(1) VAPOR RETARDER MATERIALS AND CLASSES

CLASS ACCEPTABLE MATERIALS

than or equal to 01.

Sheet palyethylens, nonperfarsted aluminum fail, or other approved materials with a perm rating of lass

Kraft-faced fiberglass batts, vapor retarder paint, or other approved materials applied in accordance with
the manufacturer’s installation instructions for a perm rating greater than C1 and less than or equal to 1.0

Latex paint, enamel paint, or cther approved materials applied in accardance with the manufacturer's
installation instructions for a perm rating of grater than 1.0 and less than or equal to 10.0.

STEP 2: CONSIDER PERMITTED INTERIOR VAPOR RETARDERS
Select a “permitted” vaper retarder for the interlor side of frame walls based on the Climate Zones as outlined In IRC Table R702.3(2),

paying attention to footnotes and other table references:

U.S. Climate Zones

TABLE R702.7(3) CLASS Il VAPOR RETARDERS
VAPOR RETARDER CLASS

CLIMATE

ZONE cLasS I CLASS I CLASS I
1,2 Mat Permitted | Mot Permitted |  Permitted
3,4 ] . .
Mat Permitted Permitted= Pemitted
{emcapt Marine 4)
Marine ’ P See Table
45,678 | Femited | Permited RT027(3)
& Class land I vapor with vapor & greater than 1

perm when measured by ASTM E36 water method Procedurs B) shall
be allowed on the interior side of any frame wall in all climate zones.
b. Use of a Class | interior vapor retarder in frame walls with a Class |
wapor retarder on the exderior side shall require an approved design.
. Where & Class ll vapor retarder is used in combination with foam
plastic insulating sheathing installed as continuous insulation on the
exterior side of frame walls, the continuous insulstion shall comply

with Table R7T027(4) and the Class Il vapor retarder shall have 2
vapor permeance of greater than 1 perm when measured by ASTM
ES6 water method (Procedure By

STEP 3: DETERMINE MINIMUM R-VALUE REQUIREMENTS FOR CI
For use of FPIS cl with Class [l or Ilinterlor vapor retarders (per Step 2), determine the minimum ol R-value required to control

water vapor using IRC Tables R702.7(3) or R7T02.7(4) as applicable. The ol and cavity Insulation amounts provided must also comply

with the local energy code.

TABLE RTOZ2.7(3) CLASS Ill VAPOR RETARDERS

CLIMATE

ZONE

jonly requirements for ¢l are shown)

CLASS Il VAPOR RETARDERS PERMITTED FOR:

ci with R-value 2 2.5 over 2 x 4 wall
4 Marine

ci with R-value 2 375 over 2 x & wall

ci with R-value 2 5 ower 2 x 4 wall
5

ci with R-value 2 7.5 over 2 x 6 wall

ci with R-value 2 75 over 2 x 4 wall
L]

ci with R-value 2 1.25 over 2 x G wall

ci with R-value 2 10 over 2 x 4 wall
7

ci with R-value 215 over 2 x & wall

ci with R-value 2 12.5 ower 2 x 4 wall
B8

ci with R-value 2 20 over 2 x & wall

TABLE R702.7(4) CONTINUQUS INSULATION (cl)
'WITH CLASS Il VAPOR RETARDER
a;::‘ CLASS Il VAPOR RETARDERS PERMITTED FOR:

3 ci with R-value = 2

i with R-value 2 3 over 2 x 4 wall
4,5,

ci with R-value 2 5 ower 2 x 6 wall
ci with R-value 2 5 over 2 x4 wall

7
ci with R-value 2 75 over 2 x & wall
ci with R-value 2 7.5 over 2 x £ wall

E:]
ci with R-value 2 10 over 2 x & wall

MNOTE: When using a Class Il Interior
vapor retarder, it must comply with the
“smart” vapor refarder reguirements
of foctnote 'c” of IRC Table R7027(Z)
above (eg. coated kraft paper facer
complles). Use of a Class | “smart™
wvapor retarder will provide egual or
better performance. Smart vapor re-
tarders prevent OUTWARD moisture
movement Into walls In the winter
and become vapor permeable for
Increased INWARD drying potential
In the summer, which compliments
the ®*warm wall® water vapor control
provided by FPIS ci. A Class Il inten-
or vapor retarder 1s sufficlently vapor
permeable at all times such that it is
not required to be a "smart” vapor re-
tarder but It requires more FPIS ol {Le.,
a warmer wall) to prevent condensa-
tion in the winter.

TiP:

While not required, using more than
the code minimum ci R-values shown
above will further Improve water vapor
control and protection of the bullding
envelope.

YOU'RE DONE! For additional guidance on details and options for code-compliant
moisture control, refer to this wall assembly illustration.

IDMSCLAIMER While reasonabie effort has been made to ensure the acouracy of the infol

busding ks the responsbility of the Cwaer of the Ownes's authonzed agent.

Owned and operated by the Applied Buiding

ign, sultabiity and wse: of this Information
for any particular appication 1 the responsibilty of the user. Where USed In the design of bulkiings, the design, sukablity and use of this Informaion for any parbicuar

‘Group with support from a grant
i

F50 Chemistry Council,
% i d to assist the foam

plastic insulating sheathing industry,

ACCH Foam Shaahing Camettiog

using sound sckence to develop research supporting

he reliable, fficient, and economic design and installation of foam sheathing.
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https://www.continuousinsulation.org/resources/quick-guides

[ ]
Exterior Conditions Conditions within Cavity: Interior Conditions
Temperature: 80°F Temperature: 100°F Temperature: 75°F

Relative humidity: 75% Relative humidity: 100% Relative humidity: 60%

- - Vapor pressure; 2.49 kPa Vapor pressure: 6.45 kPa Vapor pressure: 1,82 kPa
Considerations
strikes wall
Brick veneer is salurated ————|
with rainwater
_ Vapor is driven both inward and

1-inch air space outward by a high vapor pressure

CAN YOU HAVE TOO MUCH PERMEANCE? — P

. .-y w Fiberglass insulation ngh
Yes! (in some conditions) " | sheathing
Interior gypsum board 7 —

moisture

content

_ ,

£ |
g / l
ESD = b
§ V4
£

o

2

Inward Moisture Movement Due to Solar Radiation

Recommendation: y

The Net WVP of exterior layers between the cladding and
sheathing (e.g., the WRB or continuous insulation) should
not exceed ~10 perm.

=  This prevents solar-driven inward moisture movement,

where direct-applied (unvented) reservoir cladding (adhered
veneer, stucco, etc.) is used on air-conditioned buildings.

B
=]

__\
J

|
\\a

-

[=]

Can also be addressed by increasing back-ventilation of e )
reservolr Claddlng (more |Ike brICk Veneer) Figure 16. Peak exterior side sheathing MC for 1 in., 1 in.+ Poly, and 1in.+ Kraft at various WRB
= See 2021 IBC and IRC provisions for stucco WRB (required permeances.

drainage Space for “Moist” and “Marine” Climates) Source: Lepage & Lstiburek (2013). Moisture Durability with

Vapor-Permeable Insulating Sheathing. US DOE, Building
Technologies Office, Building America Program
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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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Summary — Graphic for Integrated Moisture Control

Download resource at continuousinsulation.org/water-vapor-control

MOISTURE CONTROL FOR FRAME WALLS ™
Code Compllant Wall Detalling

@ Water-Resistive Barrier (WRB)
Specify and install a WRE in accordance with IRC Section R703.2. WRB material and
location options include:
) Surface of FFIS WRE System w/ taped joints - FPIS surface used as WRB
) Separate WRE behing ci - Any ci insulation type not used as WREB
) Membrane (wrap), spray-applied, or WRB wall sheathing (no ci)

hw s

Integration of code-compliance requirements and best practices
sture control of frame wall assemblies (based on 2021 IRC).

FIGURE KEY:

d = continuous Insulation

WR = vapor retarder

AB - air barrler

WRE - water-resistive bamier

FPIS = foam plastic insulating sheathing
EIFS = exterior insulation & finish system
ccSPF = chosed-cell spray foam

@ structural Sheathing
Specify and install structural sheathing per IRC Chapter & whers
used for wall bracing. Examples include O5B, plywood, gypsum
sheathing, fiberboard, diagonal wood boards, etc. (Wood let-in and
metal brace options not shown.)

. Drainage Space (location based on WRE option used)

‘Where required, located between cladding and WRE [see above). See requirements for
reservoir cladding types (brick, stucce, adhered venser, etc ) ()

Where niot required, use as recommended best practice.

@ continuous Insulation (ci)*
Where used, ci R-value must meet IRC Table R7027(2) and Table RT027(3) or (4) a=
applicable based on Climate Zone and the interior VR Class specified. The reguired
minimum ci R-values ensure adequate temperature control to prevent condensation

. Lap Sidings (vinyl, wood, aluminum, fiber-cement, etc)

Specify and install lap sidings per IRC Section R703. In Climate Zones
4-8 where using a Class lll interior VR, two options to control water
wapor are provided in Table RTO27(3):
(1) Without exterior ci — siding must be back-vented (e.g., furred) or
wented siding (e.g.. vinyl).
(2) With exteror ci — siding not required to be back-vented or vent-
ed siding.

and moisture accumulation within the wall. Increasing ci R-values above code-minimums
will further improve thermal performance and moisture control.

NN

‘Where non-vapor permeable (<5 perm) ci is used {e.g.. FPIS), it will mitigate inward vapor
drive from reserveir claddings (e.g.. stucco, adhered veneer, brick, etc ). For similar reasons,
itis recommended to use a moderate to low perm WRE {e.g.. < 20 perm) behind a vapor
Back venting or vented siding is otherwise not required but is a recom- permeable ci material.

mended best practice, especially in in moist or marine climate regions.

RN

@ Cavity Insulation*
If cc5PF is used at thickness to achieve 1.5 perms or less, the R-value can be combined
with ci R-value to meet ci requirements of Tables R702.7(3) or (4) to decreasze the exterior
ci thickness/R-value required, but ccSPF must still be treated az cavity insulation for energy
code compliance.

"NOTE: Combina-
tion of ci and cavity
R-value must satisfy
energy code, where
used or required.
They cannct be
summed to meet
energy code.

. Stucco, Adhered Masonry Veneer, Cement Panel Siding, etc. 3
.
Specify and install WREB per IRC Section RF03.7.3. In Moist'Marine .
climate regions, a minimum 3/16" drainage space is required. See
drainage space location options based on WRB location specified

Altemative drainage metheds include drainage matt, drain wrap, or
channeled back of FPIS with separate WRE on its interior side. All alter-
natives must hawe minimum 0% drainage efficiency per ASTM E2273

@ Interior Vapor Retarder (VR)'2

or E2925 b Use of a Class |interior VR (that is not "smart”) in frame walls with a Class | exterior VR is
K not permitted without an approved design. Double vapor “barriers” should be avoided.
S An interior vapor retarder is not required in Climate Zones 1, 2, and 3. Responsive ("smart”
@ Anchored Masonry Veneer (stone & brick) L P q P (fsmars’)

Class | or | VRs are allowed on interiar side of any frame wall in all Climate Zonss.

1"wentilation and draining space required for all an-

. If ci used ired: Specify VR Table R7027(2) i dination with ci and ity i la-
chored stone or brick veneer in all climate zones (see “ or requ pecify VR per Tblz (2)in coardination £ and cavity insula

tion R-values per Tables R7027(3) or (4) as applicable. Class 111 VR must be "smart™ VR if ciis

Flashing (IRC Section R703.4):

Flashing at siding transitions, fenes-
tration, and other wall penstrations
or details not shown; flash to the
designated WRB layter (location

im wall may vary) and kick-cut to

Section RT0Z.8).€)

Also qualifies as vented cladding for use of Class [l VR
on walls without exterior ci per Table RT027(3).

FPIS {e.g.. non-vapor permeable), otherwise use Class I VR.

If ¢i not used: Specify VR per Table R702.7(2) with best practice recommendation to specify
Class | "smart” VR in Climate Zones 5-8 and install as an air barrier. Use of a Class 1l VR with-
out ci is mot recommended even though permitted.

exterior or cladding where required Air Barrier (AB)
atweeps, stc. A contimuous AB is used in all climate zones to achieve WOTES ON VAPOR RETARDER CLASSES AND RESPONSIVE VAPOR RETARDERS:

required whole buildilng air-change-per-hour (ACH) 1 Vapor retarder classes are defined in Table RF02.2(Y and inciude Class | 2g., pahy), Class Il .5, costed kraft paper facer),
Cladding Connections and Class Bl fe.g.. vanor retardes labex paind per manufacturar'’s instruclions). Oass | has vepor pormeance of 01 of less,

limits per energy code and to protect wall from moist
air intrusion. The designated AB material layer must
have joints, seams, gaps. intersections, and penetra-
tions sealed. AB material can be the WRE. the ci, the
structural sheathing, the ccSPF cavity insulation, the
VR, or gypsum wallboard. Any material or combination
thereof must meet emergy code reguirements for AB
material properties (i.e., essentially air impermeable).
Recommended best practice is to provide AB on both
sides of air-permeable insulation materials (Le., on
exterior and interior sides of wall cavity) for improved -
thermal performance and moisture control.

Class 1115 00 1o 1 perms, and Class 1lis 110 10 perms.

2 Are=ponshe or "smart” vapar retarder i Ciss |or 1l e, 1 pem ar kess) that becomes mare vapar apan in s humid anvimnment
such that deying accurs when needed. Regular vapor retarders an chmstiod on the basts of "ty tup” vapar pemennce mea
surcments at low humidity conditions. Responstve vapar rotarders are addbonally reguired 10 have 3 pormeance of grestes than
1 perm whan measured by the *wet cup” mothod of ASTM E3G 2t a modemtaly high humkdity candrion. Coated kafl paper facor
= a Class || respersive vapar retandcr, Class | responsive vepor retarders are typicaliy prognictary flms ar memane sroducts:

(IRC Section R703.3):
For connections through FPIS refer
also to IRC Section RT0315.

7
F
/)
f

f
g

MOTE: Drainable EIFS dadding
[not shown) is similar to stucco
and drainage between ci sub-
strate and WRE is always re-
quired per Secfion R703.9 [barri-

w  Owned and operated by the Applied Buiding oup ot arart
’-\. provided by e Foem Sheathing Commitse (FSQ) ofthe American Chemistry Council
)  plasticinsulating sheatfing indushy, using sound science o develop research supparting

B - Contact us.|

| er EIFS is not permitted in IRC).

||



https://www.continuousinsulation.org/applications/water-vapor-control

Wall Calculator
Easy Button to IECC & IBC/IRC Coordinated Compliance

Wall Assembly Inputs Output
1. Building / Energy Code & Year

Energy code & year Energy Code Thermal Check
u |mp|ement8 R-Va|Ue and IEIC2015+IECC—C2015{Ex[uldi?ggmupll} ~ {Fi;:mrMEthOd PropasedWall  Code Requirement Compliance Check
U_factor CheCkS per |ECC and 2.C.l|mateZoneandHeatlngDEgrEEDays ot v w060 o6 P
also a moisture control check : . R-Value Method

Factor Propased Wall (Code Requirement Compliance Check

(including insulation and P e rasas

Enter Heating Degree Days (HOD) if you want the minimum Insulation Ratio assembly
. [Re/Ri) to be based on heating degree days, rather than strictly on the climate
p e r m e a n C e ra t I O C h e C kS zona minimumes. Values outside the range shavwn will be ignored. The heating
degree days option is only available for same climate zones. HDD values are Bu“_ding CQ.de Water vapor C[}ntrol check
on a 65°F basis.

= Flexible, More Solutions than e ettt g 5401 - 7200 insitation Ratio (e Method
Code, More Precise e R i

5. CI'adding Class 12 058 0:30 o Passed
Cladding type and R-value Class |12 058 030 + Passed
Stucco (0.08) A Class 114 058 045  Passed
ACCGSS the Steel Wa" CaICUIator at: 4. Exterior Continuous Insulation o s vager o2 &l X
continuousinsulation.org/steel-wall-calculator Manutcturer's rated R-value at installe thickness
75

5. Exterior Sheathing

-
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Design Example

Commercial Building (“All Other” — non-Residential)

= @Given: In Climate Zone 5 for a non-residential metal-frame building,
the 2018 & 2021 I[ECC provides the following prescriptive R-values:

R-13+R-7.5¢i (2018 IECC)
R-13+R-10ci (2021 IECC)

= Find: Appropriate vapor retarder options in accordance with the
building code.



TABLE R702.7(2)
VAPOR RETARDER OPTIONS

Design Example

CLIMATE ZONE VAPOR RETARDER CLASS
. CLASS I° CLASS II? CLASS 1l
L] I 1] CI | mate Zone 5: 1,2 Not Permitted Not Permitted Permitted

. All tard itted t t th 3, 4 (except Marine 4) Not Permitted Papsriads Rarmittad
vapor retarders are permitted to mee € Marine 4,5,6,7, 8 _Permitted® Permitted® See Table R702.7(3) __P

code requwement for an interior vapor retarder a.  Class | and Il vapor retarders with vapor permeance greater than L perm when measured by ASTM E96 water method (Procedure

in CZ 5. B) shall be allowed on the interior side of any frame wall in all climate zones.
. Footnotes provide additional conditions for h. ;Jz:igo:a Class | interior vapor retarder in frame walls with a Class | vapor retarder on the exterior side shall require an approved
use

€.  Where a Class Il vapor retarder is used in combination with foam plastic insulating sheathing installed as continuous insulation on
the exterior side of frame walls, the continuous insulation shall comply with Table R702.7(4) and the Class Il vapor retarder shall
have a vapor permeance of greater than 1 perm when measured by ASTM E96 water method (Procedure B).

= Solution 1: Class Il VR with
R-13 + R-3ci (minimum) works for

m OiStU fe co ntrO | . CONTINUOUS INSULATION WITH CLASS Il VAPOR RETARDER
. Therefore, 2018 IECC R-13 + R-7.5c¢i CLIMATE ZONE CLASS Il VAPOR RETARDERS PERMITTED FOR:®
will provide better than code minimum 3 Continuous jnsulation with B-valye > 2

TABLE R702.7(4)

moisture control (greater insulation ratio). 4,5 and 6 Continuous insulation with R-value =3 over 2 x 4 WD |
. 2021 IECC R-13 + R-10ci even better yet. Continuous insulation with R-value = 5 over 2 x 6 wall.
. Footnote ‘c’ requires use of a “smart” Class I 7 Continuous insulation with R-value = 5 over 2 x 4 wall.

VR (e.g., Kraft paper meets criteria) for inward Continuous insulation with R-value = 7.5 over 2 x 6 wall.

drying 8 Continuous insulation with R-value = 7.5 over 2 x 4 wall.

. Use of a “smart” Class | VR (NOT poly) will
actually exceed code minimum intent of
Footnote ‘c’ (clarified in future 2024 codes)

Continuous insulation with R-value = 10 over 2 x 6 wall.

a.  The requirements of this table apply only to insulation used to control moisture in order to permit the use of Class
Il vapor retarders. The insulation materials used to satisfy this option also contribute to but do not supersede the
thermal envelope requirements of Chapter 11.

-
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Design Example

TABLE R702.7(3)
CLASS Il VAPOR RETARDERS

. . . «a,b
- Solutlon 2: ClaSS ”l VR Wlth R_13 4 R—5C| CLII\{IATEZDNE CLASSIIIVAP.DRRETARDERSPERMI'ITEDFOR.
L. . Marine 4 Vented cladding over wood structural panels.
(mlnlmum) works for moisture control. [or all of 4 for 2021 1BC] Vented cladding over fiberboard.
«  Therefore, 2021 [ECC R-13 + R-7.5¢i will Vented cladding over gypsurn.

. Lo Continuous insulation with R-value = 2.5 over 2 x 4 wall.
prOVIde better than code minimum Continuous insulation with R-value = 3.75 over 2 x 6 wall.
moisture control (greater insulation I’atlo), 5 Vented cladding over wood structural panels.

. Vented claddi fiberboard.
« 2021 IECC R-13 + R-10ci even better yet. T e ————
. Class Ill VR is not required to be “smart” " Continuous insulation with Rvalue 2 5over 2x4wall. >
(sufficient drying potential as is) Confi _ Hi-vatue > 5over X6 Wal.
6 Vented cladding over fiberboard.
»  Use of lower-perm ci (<10 perm) will Vented cladding over gypsum.
I H . H Conti i lati ith R-value = 7.5 2 x 4 wall.
also help minimize inward vapor drives onuntous MOWANOR With TV ue 2 Lo Over X T W
) . . Continuous insulation with R-value = 11.25 over 2 x 6 wall.
if reservoir Claddlngs used. 7 Continuous insulation with R-value = 10 over 2 x 4 wall.
Continuous insulation with R-value = 15 over 2 x 6 wall.
8 Continuous insulation with R-value = 12.5 over 2 x 4 wall.

Continuous insulation with R-value = 20 over 2 x 6 wall.

-
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Conclusions

= Energy Code Advancements

« Significant advancements have been made and are continuing.

« These require improved and coordinated building code moisture control requirements as
per 2021 IBC and IRC.

= (Coordinated Building Code Advancements
« Based on extensive, peer-reviewed research and supported unanimously at code hearings
« Significant expansion and improvement of water vapor retarder provisions
« Still some work needed (e.g., guidance for permeance controlled assemblies)
= Design aids are available to assist in efficiently coordinating energy
code and building code compliance.

= Example design demonstrates simplicity of prescriptive energy code
and building code vapor retarder compliance.



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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