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BACKGROUND

= Foam plastic insulating sheathing (FPIS) is one
type of ci; others include wood fiberboard and
mineral fiber.

= FPIS has applications for all parts of the building
envelope (foundations, walls, floors, and roofs).

=  FPIS can be multi-functional including ci, water-
resistive barrier (WRB), air barrier (AB), vapor

control (inward and outward), and even structural.

= Prior IBEC and RCI| papers addressed many of
these topics.

n For additional information refer to:
https://www.continuousinsulation.org/resources/

Foam Plastic Applications
for Better Building

FACTSI:

Benefits of FPIS ci

Understanding the Advantages of Using Foam Plastic
Insulating Sheathing (FPIS) Continuous Insulation (ci)

FPIS ci is an extremely versatile product that allows users to:

Multitask
: '_ FPIS has a variety of applications (continuous
i insulation, water-resistive barrier, air barrier,
m " etc.) for walls, floors, roofs, and foundations
—k in both commercial and residential buildings.

Save Money

s FPIS is a cost-effective insulation due to its
high R-value per inch and multiple benefits.
The investment in applying FPIS as continu-

ous insulation returns value throughout its use with reduced
energy requirements and better building performance. It can
even reduce construction time and related costs in applica-
tions such as frost-protected shallow foundations.

y . Water Control

FPIS improves building thermal performance,

reduces thermal bridging, and has been
approved for use as an air barrier when

joints are properly sealed.

‘ ‘ Conserve Energy

Increase Durability

FPIS is moisture-resistant and helps defend
* against the damaging effects of moisture
PPy in buildings.

benefits-fpis-ci



https://www.continuousinsulation.org/resources/benefits-fpis-ci

EVOLVING CODES

= 2018 & 2021 IECC prescriptive R-values
= 2024 IBC water vapor retarders
= 2024 IBC water-resistive barriers IBC

= 2024 IBC fenestration flashing bt il

INTERNATIONAL
BUILDING
CODE"

INTERRATIONAL
ccccccccccc



CODE-REFERENCED STANDARDS FOR FPIS

= ASTM ChH78

« Expanded polystyrene (EPS)

« Extruded polystyrene (XPS)
= ASTM C1289

« Polyisocyanurate (Polyiso, PIC, PIR, etc.)
= ANSI/ABTG FS100

« Applies to all types of FPIS where applied over open stud
cavities (wind pressure rating is required in this special case)

= Fire Properties & Requirements
—|BC Chapter 26 & 14
— See manufacturer data, code compliance reports, and material labels



IECC PRESCRIPTIVE R-VALUES & U-FACTORS

(light frame commercial buildings)

Climate Zone Building Use Metal Framed Wood Framed
2018 IECC 2021 IECC 2018 IECC 2021 IECC
All other
Oand1 Groun R R13+5ci R13+5ci
P (U-0.077) (U-0.077)
5 All other
Group R R13+3.8ci or R13+3.8ci or R20
3 All other R20 (U-0.064)
R13+7.5ci (U-0.064)
Group R (U-0.064)
4 Except All other
Marine Group R R13+7.5ci
5 and Marine All other (U-0.064) R13+10ci
4 Group R (U-0.055)
All other R13+7.5ci or
6 Groun R R13+12.5ci R13+7.5ci or R20+3.8Ci
P (U-0.049) R20+3.8ci (U-0.051)
All other (U-0.051) e
7 Group R R13+15.6ci R13+15.6¢i
P (U-0.052) (U-0.042)
All other R13%7.5¢i R13+15.6¢i
(U-0.064) R18+18.8ci +15. clor R13+18.8ci
8 R20+10ci
Grous R R13+17.5¢i (U-0.037) (U-0.036) (U-0.032)
P (U-0.045)

= Metal Framed
(Cold-formed Steel)

2021 > 2018 for CZ 5-8 &
Marine 4

= Wood Framed

2021 > 2018 for CZ 5 & Marine 4
(only for “all other”)

Table based on I[ECC-
Commercial Provisions,
Tables C402.1.3 and C402.1.4.

-~

JAN=J €



|[ECC PRESCRIPTIVE R-VALUES & U-FACTORS

(one- and two-family dwellings & apartments < 3 stories)

Climate Zone

Wood Frame Walls

2018 IECC 2021 IECC
R13 R13 or RO+10ci
0. 1and2 (U-0.084) (U-0.084)
R20 or R13+bci or
3 RO+15ci
(U-0.060)

4 except Marine

5 and Marine 4

R20 or R13+5c;
( U-0.060)

6

7 and 8

R20+5ci or R13+10ci
(U-0.045)

R30 or R20+5ci or
R13+10ci or R20ci
(U-0.045)

Wood frame walls
2021 > 2018 for CZ 4 and 5

All climates have multiple
equivalent R-value solutions:
« Cavity insulation only
« Cavity + Continuous
Insulation
« Continuous Insulation Only



2021 IECC-C ABOVE-GRADE WALL DEFINITION

WALL, ABOVE-GRADE. A wall associated with the building
thermal envelope that is more than 15 percent above grade and
is on the exterior of the building or any wall that is associated
with the building thermal envelope that is not on the exterior of
the building. This includes, but is not limited to, between-floor
spandrels, peripheral edges of floors, roof knee walls, dormer

walls, gable end walls, walls enclosing a mansard roof and
skylight shafts.

Source: BC Hydro BETB Guide /
Morrison Hershfield LTD



2021 IECC-C ABOVE-GRADE WALL DEFINITION

. Clarifies thermal bridges must be considered in determining wall overall U-factor and compliance, usually with
one of the following approaches:

1. Use of ci and appropriate detailing is often the most efficient way to mitigate thermal bridges

2. Simply adding more insulation to compensate (without mitigating thermal bridges) is another approach,
but generally less efficient use of insulation.

. Future code development intends to provide explicit thermal bridging provisions to more fully implement the
above two approaches

« ASHRAE 90.1 has required consideration of “uninsulated assemblies” (including thermal bridges) in the
performance path

e Prescriptive path of IECC and 90.1 has generally assumed no thermal bridges other than those
addressed within assemblies (e.g., studs, etc.)

. For additional information on thermal bridging, refer to:
https://www.continuousinsulation.org/applications/prevent-thermal-bridging

-~
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https://www.continuousinsulation.org/applications/prevent-thermal-bridging

IBC/IRC IMPROVED WATER VAPOR CONTROL

= See Appendix A in paper (2024 IBC provisions)
« Formatting clean-ups
« |IRC/IBC consistency
« Complete resolution of errata to 2021 IBC
« Addition of “Responsive Vapor Retarder” definition

« Expand ci vapor control options to better coordinate with
energy code insulation options

—First, some background may be helpful---



5 BUILDING SCIENCE CONCEPTS FOR MOISTURE CONTROL

= Successful moisture control requires an integrated approach to 5 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)

o1 A W

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---



3 RULES FOR MOISTURE CONTROL

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
and energy code requirements for continuous insulation and
water vapor control {see Cl's Quick Guide: Water Viapor Con-
trol and wall calculators), FPIS ci keeps water-sensitive mate-
rials inside the wall dry by maintaining a temperature above
the dew point. Simply use the right R-value of FPIS ci for the
wall assembly based on the climate zone and an appropri-
ately specified interior vapor retarder (or no interior vapor

INTERIOR VAPOR RETARD!
(CLASS L I, ORI AS REQUIRED
INET PERM =
| 1
[Crrdetlin) + -1
CANTY INSULATION R-VALUE
EYPEUM & VR

SIDING, WRE, SHEATHING, AS

M [Figure 1.] Cavity Insulation only vs. wall with FPIS cl Insulation (see Figure 2 for performance comparison)

Manture Eastant - Heusswrap Heuses
Intarier Shasthing Sertacs - Abmas Grads Cavity

L s G g
(&) Walls with R20 cavity insulation only consistenthy
experencing wet O5B.

retarder) to control outward vapor diffusion in the winter and
maintain inward vapor diffusion (drying) in the warmer sea-
sons. This approach results in much dryer walls with a more
stable moisture content throughout all seasons of the year
im comparison to walls that rely exclusively on the traditional
use of interior vapor retarders without any temperature con-
trol provided by FPIS ci, as shown in Figures 1 and 2. Learn
maore about the use of FPIS for water vapor conitrol here.

FPIS R-AALUE (AS REQUIRED)
CAVITY INSULATION RE-WALUE

INTERIOR VAPCR RETARDER
(AS NECESSARY)

WRE [USE EXTERIOR SURFACE OF
FPIS OR A SEPARATE WRE MATERIAL
TC INTERIOR OR EXTERIOR OF FPIS)

Iositure Costast- 13 €1 Houve
Inbarier Shastaieg Surtace - Abows Grade Cavity

L IS L T

[B) Walls with RS FPIS ci keeping OSB sheathing dry

m[Figure 2.] Comparlson of 12 actual walls with and without RS FPIS cI

RULE #2: Minimize Air Leakage!

Leakage of moist air from the indoors or outdoors into or
through a building assembly can easily override the func-
tion of vapor retarders. Minimize air leakage by following
energy code requirements for use of continuous air barriers
and sealing of joints and gaps. t's not just an energy code
concemn (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
vulnerable to the consequence of air leakage for two rea-
sons: (1) the FPIS ci will help limit air infiliration from the
exterior (especially if it is also used as the WRE system, see
RULE #£3), and {2) it will also reduce the potential for moist
air to condensate on or be adsorbed by moisture-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!

Most 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 products can be used as a code-
approved WRE system when installed in accordance with
the manufacturer’s ir instructions. App d FRIS

'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 WREB systems
are subject to some of the most stringent wall assembly
water-resistance test requirements. Find more information
on FPIS WRE systems here.

components
designate alr Sow
retaeder system

‘Drywall caulked, glsed o
gesketed 10 o9 plate

Exteriar sheathing caulked,
alised or gasketed bo top plste

- Ciaomng

- Taped ar sealed joinks In
exterior sheathing

Exteriar sheathing caulked, glusd
ar gasketed to battom plate

uberiar sheathing caulled,
iised o gasketed 19 1op pate

Tape or sealant, over joint
In exterior sheatning

8 Taped ar sesied joinks In
exterior sheathing

|| ——Exteriar sheathing caulled, glusd
i_ | ar pasketed to batiom plab

Exteriar sheathing caulked, glusd
ar pasketed to =il plate

Sl plate Installed over sH gasket

H[Figure 3.| FPIS cl installed as an alr barrier

{Saurce: BECP.

exterior sheathing.

Cole Resqurce Guide A |

u FPIS WRB System Installation using joint tapes and adhered flashings;

refer to manufacturer installation instructions for specific details.

BOTTOM LINE: use FPIS ci as continuous insulation, vapor control, air barrier, and water-resistive barrier to

create an efficient, robust, and moi wall

for optimal performance and code compliance.

https://www.continuousinsulation.org/resources/facts-ci

RULE #1 — Keep water
(humid air) away from

cool surfaces!
BSC 3,4, &5

RULE #2 — Minimize air
leakage!
BSC 2

RULE #3 — Avoid rain

water intrusion!

BSC 1
JAN=J €



https://www.continuousinsulation.org/resources/facts-ci

SUMMARY GRAPHIC FOR INTEGRATED, CODE-COMPLIANT

MOISTURE CONTROL (“CHEAT SHEET”

MOISTURE CONTROL FOR FRAME WALLS
Code Compllant Wall Detalling

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

FIGURE KEY:

d = continuous Insulation

VR - vapor retarder

AB - ar barrier

'WRE - water-resistive bamier

FPIS = foam plastic Insulating sheathing
EIFS = exterior insulation & finish system
CCSPF = dosed-cell spray foam

@ structural Sheathing
Specify and install structural sheathing per IRC Chapter & where
used for wall bracing. Examples include 0S8, plywood, gypsum
sheathing, fiberboard, diagonal wood boards, et (Wood let-in and
metal brace options not shown.}

. Lap Sidings (vinyl, wood, aluminum, flber-cement, etc)
Specify and install lap sidings per IRC Saction R703. In Climate Zones
4-8 where using a Class lll interior VR, two options to control water
wvapor are provided in Table R7027(3)
1) Without exterior ci - siding must be back-vented {=.g. furred) or
vented siding (... vinyl).
{2) With exterior ci — siding not required to be back-vented or vent-
=d siding.
Back venting or vented siding is otherwise not required but is a recom-
mended best practice. especially in in moist or marine climate regions.

@ stucco, Adhered Masonry Veneer, Cement Panel Siding, etc.
Specify and install WRB per IRC Section R703.7.3. In Moist/Marine
«climate regions, a minimum 3/16” drainage space is required. See
drainage space location options based on WRE location specified )
ARemative drainage methods indude drainage matt, drain wrap. or
«channeled back of FPIS with separate WRB on its interior side. All alter-
natives must have minimum 90% drainage efficiency per ASTM E2273
or E2025.

@ Anchored Masonry Veneer (stone & brick)

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

in wall may vary) and kick-out to
exterior or cladding where required
at weeps, stc.

Cladding Connections

(IRC Section R703.3):

For connections through FPIS refer
also to IRC Section R70315

" and draining space required for all an-
chored stone or brick veneer in all climate zones (see
Section R702.8)0)

___.
e T

C
NN

Also qualifies as vented cladding for use of Class Il VR
on walls without exterior ci per Table R7027(3)

Air Barrier (AB)

A continuous AB is used in all cimate zones to achieve
required whole buildiing air-change-per-hour (ACH)
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 i, the
structural sheathing. the ccSPF cavity insulation, the

A

VR, or gypsum wallboard. Any material or combination NOTE: Drainable EIFS cladding

thereof must meet energy code requirements for AB Inot shown) is similar to stucco
and drainage between ci sub-

strate and WRE is shvays re-

M quired per Section R703.5 fbari-

E| er E1FS is not permittad in IRC)

material ies (ie.. ially air i
Recommended best practice is to provide AB on both
sides of air-permeable insulation materials (ie.. on
exterior and interior sides of wall cavity) for improved T

thermal performance and moisture control.

| |

*NOTE: Combina-
tion of ci and cavity
Revalue must satisfy
energy code, where
used or required
They cannct be
'summed to meet
energy code,

@ Water-Resistive Barrier (WRB)
Specify and install a WRE in accordance with IRC Section R702.2. WRB material and
location options include:
O Surface of FPIS WRB System w/ taped joints - FPIS surface used 23 WRS
© Separate WRE behing ci - Any ci insulation type not used as WRB
© Membrane (wrap), spray-applied, or WRB wall sheathing {no i)

@ Drainage Space {location based on WRE option used)
Where required, located between cladding and WRE (see above). See requirements for
reservoir cladding types (brick, stucco, adhered venser, etc ) @)

Where not requined, use as recommendad best practice

@ continuous Insulation (ci)*
Where used, ci R-value must meet IRC Table R7027(2) and Table R702.7(3) or (4) as
applicable based on Climate Zone and the interior VR Class specified. The reguired
minimum ci R-values ensure adequate temperzture control to prevent condensation
‘and moisture accumulation within the wall. Increasing ci R-values above code-minimums
will further improve thermal perfermance and meisture control
‘Where nen-vapor permeable {< & perm) ciis used [e.g.. FPIS). it will mitigate inward vapor
drive from reservoir claddings (e.g., stucco, adhered veneer, brick, etc). For similar reasens,
it is recommended to use a moderate to low perm WRE (e g.. < 20 perm) behind a vapor
permeable ci material

@ cavity Insulation*
If ceSPF is used st thickness to achieve 15 perms or less, the Rvalue can be combined
with i R-value to mest ¢ requirements of Tables RT02 7(3) or (4] to decrasse the sxterior
ci thickness/R-value required, but ccSPF must till be treated as cavity insulation far energy
code complisnce. @

@ interior Vapor Retarder (VR)'*
Use of 2 Class linterior VR (that is not “smart”) in frame walls with a Class | exterior VR is
not permitted without an approved design. Double vapor “barriers” should be avoided.
An interior vapor retarder is net required in Climate Zones 1, 2, and 3. Respensive ("smart”)
Class | or Il VRs are allowed on interior side of any frame wall in all Climate Zones.
If i used or required: Specify VR per Table R7027(2) in coordination with ci and cavity insula-
tion R-values per Tables R7027(3) or (4) as applicable. Class 11| VR must be “smart” VR if ciis
FFIS {e.g., non-vapor permeable), otherwise use Class Il VR
I 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 Il VR with-
out ci is not recommended even though permitted.

NOTES ON VAPOR RETARDER CLASSES AND RESPONSIVE VAPOR RETARDERS:
1 Wapor resarder classas are defined In Tablke R702.2() and includa Class (.., poly), Chas= Il jo.8, comted kraft paper facer),
‘and Class B fc.g. vapor resardor latox gant por manufacturar's Isructions) Class | has vapor pormeance of 01 of less,
oz I 1501 10 pormes, anc! Claes Il 11210 perms.

2 A resparsive o smeet” wapar setarder ts Chss | ox L., 1 perm or less) that becomes: more vapar apen in a humid envionment
such that dryig occurs when neoded, Rogular vepor retarders aro clesid o the basis of "y cup” vapar RermEINCE Mes
surcments at low humidity condiiore. Resporsie vapar rotardors @ addeonally regured 1o have 3 pemeance of grestcr than
1 pem whan macsurcd by the “wet cup” mothod of ASTM ESG 2t 2 moderataly high humidity condiuion. Coatod kraft paper facor
3 Class l rosporse vapar resard. Class | responswe vapor rotardors are typcally propnctary Alms or mombrans praducts

https://www.continuousinsulation.org/appl

ications/water-vapor-control
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RESEARCH LEADING TO 2021/2024 IRC & IBC PROVISIONS
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https://www.appliedbuildingtech.com/rr/1410-03
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RESEARCH FINDINGS

= Surveyed multiple field, test hut, and modeling
studies

. Compared to U.S. and Canadian Code and
Practices

. Confirmed where practices were working well

= Conducted analysis where refinements needed

. Peer reviewed

=  Combined best of U.S. and Canadian 4“‘
practices to result in 2021 IBC/IRC

. Assumed worst-case low permeance conditions
for ci and/or exterior material layers to ensure
robust prescriptive provisions

. Unanimous approval at code hearings including

major stakeholders

Insulation Ratle (RefRi)

25

-
w

-

05

—— RCIBC Class 1l Rey/Ri
~8—NBC Class || 35%RH Re/Ri
—d— Brown [2007) Class 1| S0%RH Re/Ri
== Arown [2007) Class 1| G0%RH ReyRi
B Wilkinson et al (2007), Class 111 50%AH
@ Craven G-5(2012) No VR, 40%RH
& SWA[2012) Class 1 40% RH
# Craven G-5 (2014) Class Il 40%RH
®  GBA (2013) Class 1| PRH
¥ HIRL (2014) MI{1} Paint, 33%RH
A& HIRL (2004) M1}, Paing, 330 AM
A& HIRL (2014) MI{1} Paint, 33%RH
B HIRL(2013] Class 11 55%RAH
B HIRL{2013) Class I 55%RH
© Smegal & Straube (2000} Class 11 S0%AH

P— + Smegaletal [2042) Class N 40%

S gal & Grin (2013) Class Il & 11 50%RH

Craven -5 (2012) Class | 40%RH
#—CMHC {2009) Class Il 50%AH
B CMWHC (2009) Class 11 S0%RH
CHMC {2009) Class Il SO%AH

5000 10000 15000 20000 25000
Heatlng Degree Days (HDDBE5F)

Figure 14: IRC/IBC and NBC Wall Insulation Ratio Requirements Compared to Data Paints
from Various Modeling, Test Hut, Case Studies, and Field Monitoring Studies Reported in the Literature
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VAPOR CONTROL PRINCIPLES

= [wo approaches to control water vapor:
« Permeance Controlled Design (permeance ratio)
« Temperature Controlled Design (insulation ratio, IR = Re/Ri)

R R,
. Water Vapor ® ,_'_}
[ = Exteriar Cl
Condensation plane e :i//condemtmn plane Snurce_ (low :arrrrﬂa o ‘Modest’ vapor retarder
- " (summer) Indoor RH (winter) —~_
(winter) - Outdoor RH (summer) . e
¥ _‘Strong’ vapor retarder "'."“"“ surraceé ~f %
Vapor permeable [ > :/f {restrict dew point :
eborior [ occurrences) Y
[non-insulated) a : - i
] - rated vapor flow
L vapor flow v il
L cold surfaces - \
{ e | A
oyt o e . o
ior during Winter T l
g rl a n g e Spring, Summer,
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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Source: http://www.appliedbuildingtech.com/rr/1410-03
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INSULATION RATIO (TABULATED FORMAT)
(basis of 2021/2024 IBC and IRC for walls with continuous insulation)

MINIMUM INSULATION RATIO OR CONTINUOUS INSULATION R-VALUE
FOR LIGHT-FRAME WALLS WHERE EXTERIOR CONTINUQUS INSULATION (ci) IS USED 3=

Climate Maximum Interior Vapor Retarder (VR) Class
Zone Heating Degree Class | Class Il Class Il No VR*® iis _— FPIS R-VALUE (Re) (AS REQUIRED)
(Fig-2) | Days (65F basis) /‘E _——— CAVITY INSULATION R-VALUE (Ri)
1 NIA NP NPf R-2ci minimum | R-2c¢i minimum I ’
%‘ INTERIOR VAPOR RETARDER
2 N/A NP NPf R-Zci minimum | R-2ci minimum LE (CLASS |, II, OR ll) AS REQUIRED
fim I
3 3.600 NP R-2ci minimum | R-2ci minimum 04 [l RO TIRAL SHEATHING (RS REQHIRED)
H || SIDING
4 5,400 NP R-2ci minimum 0.2 09 Lf:_ __—— SEPARATE WR (IF FPIS NOT USED AS WRB)
/H ' LOCATE INWARD OF FPIS IF WRB IS LOWER PERM
5 7.200 0.2 0.2 0.35 1.3 L THAN FPIS OR OTHER EXTERIOR INSULATION
6 9,000 0.2 0.2 0.5 1.7
7 12,600 0.35 0.35 0.8 2.3
g4 16,200 0.5 0.5 1.1 2.8

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 ’.
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PERMEANCE RATIO
(not included in 2021 or 2024 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
(Fig. 2) Class | Class Il Class Il L f (CLASS | 1l OR ) AS REQUIRED
1 NP MNPd Mo minimum )
3 NP NP NG rrinimam — E)é‘_II:EPREIgI\RA \=/APOR PERMEANCE
3 NP No minimum No minimum
4 0.5 piﬂﬂ;ﬁ”ﬁg )and 0.5 perm 3 perm ~—— CAVITY INSULATION R-VALUE
5 0.5 perm 3 perm 5 perm L GYPSUM & VR [(1/p1) + (1/p2) +-]
6 1 perm 5 perm 15 perm | SIDING, WRB, SHEATHING, AB
7 1 perm 15 perm NP i
g 1.5 perm NP NP
For SI: 1 perm = 57.2 ng/s-m>-Pa 4

NP = 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 "
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2024 IBC SECTION 1404.3 PROVISIONS

= New definition added:

RESPONSIVE VAPOR RETARDER. A vapor retarder material complying with a vapor
retarder class of Class | or Class Il but which also has a vapor permeance of 1 perms or
greater in accordance with ASTM E96, water method (Procedure B).

= RVR’s allowed on interior side of assembly in any climate

= Required when using a Class | or |l interior VR with FPIS ci on the
exterior

« Examples: Class || RVR = coated Kraft paper; Class | RVR =
proprietary “smart” vapor retarder (not poly)



2024 IBC SECTION 1404.3 PROVISIONS

1404.3 Vapor retarders. Vapor retarder materials shall be classified in accordance with
Table 1404.3(1). A vapor retarder shall be provided on the interior side of frame walls in
accordance with Table 1404.3(2) and Tables 1404.3(3) or 1404.3(4) as applicable, or an
approved design using accepted engineering practice for hygrothermal analysis. Vapor
retarders shall be installed in accordance with 1404.3.3. The appropriate climate zone shall
be selected in accordance with Chapter 3 of the /nternational Energy Conservation Code.

Exceptions:

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.

b. In Climate Zones 4 through 8, a vapor retarder on the interior side of frame walls shall

not be required where the assembly complies with Table 1404.3(5). ’\
ABTG



2024 IBC SECTION 1404.3 PROVISIONS

1404.3.1 Spray foam plastic insulation for moisture control with Class Il or Il vapor
retarders. For purposes of compliance with Tables 1404.3(3) and 1403.3(4), 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 shall be deemed to meet the
continuous insulation moisture control requirement in accordance with one of the following

conditions:
1. The spray foam R-value meets or exceeds the specified continuous insulation R-value.
2. The combined R-value of the spray foam and continuous insulation is equal to or greater

than the specified continuous insulation R-value.



2024 IBC SECTION 1404.3 PROVISIONS

1404.3.2 Vapor retarder installation. Vapor retarders shall be
installed in accordance with the manufacturer’s instructions or an
approved design. Where a vapor retarder also functions as a
component of a continuous air barrier, the vapor retarder shall be
installed as an air barrier in accordance with the /nternational
Energy Conservation Code.



2024 IBC SECTION 1404.3 PROVISIONS

TABLE 1404.3(1)
VAPOR RETARDER MATERIALS AND CLASSES

VAPOR
RETARDER ACCEPTABLE MATERIALS
CLASS

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 or vapor retarder paint or other approved
II materials, applied in accordance with the manufacturer’s instructions for
a perm rating greater than 0.1 and less than or equal to 1.0

Latex paint, enamel paint, or other approved materials, applied in
III accordance with the manufacturer’s instructions for a perm rating of
greater than 1.0 and less than or equal to 10

NOTE: These classes are based purely on “dry cup” vapor permeance by definition. Responsive vapor

retarders add a requirement that the “wet cup” vapor permeance be greater than 1 perm. For example,
while Kraft-faced FG is a Class |l VR with “dry cup” permeance of about 0.6 perms, it is also a Class |l

RVR because it has a “wet cup” permeance of about 2 perms (proprietary RVR’s even greater x10).




TABLE 1404.3(1)

VAPOR RETARDER MATERIALS AND CLASSES

		VAPOR RETARDER CLASS

		ACCEPTABLE MATERIALS



		I

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



		II

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



		III

		Latex paint, enamel paint, or other approved materials, applied in accordance with the manufacturer’s instructions for a perm rating of greater than 1.0 and less than or equal to 10








2024 IBC Section 1404.3 Provisions

TABLE 1404.3(2)

VAPOR RETARDER OPTIONS
VAPOR RETARDER CLASS who Moist (A)
CLIMATE ZONE C=
CLASS I? CLASS II2 CLASS Il
1,2 Not Permitted Not Permitted Permitted
3 Not Permitted Permitted® Permitted
4 (except Marine 4) Not Permitted Permitted® See Table vermHomid
Marine 4, 5, 6,7, 8 Permitted™ Permitted 1404.30) e e,
a. A responsive vapor retarders shall be allowed on the interior side of any frame wall in all :%E“ﬁkr‘:’;m‘;km‘“KN‘flh?a S 1

climate zones.

b. Use of a Class I interior vapor retarder, that is not a responsive vapor retarder, in frame
walls with a Class I vapor retarder on the exterior side shall require an approved design.

c.  Where a Class I or II 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 1404.3(4) and the Class I or II vapor retarder
shall be a responsive vapor retarder.




TABLE 1404.3(2)

VAPOR RETARDER OPTIONS

		CLIMATE ZONE

		VAPOR RETARDER CLASS



		

		CLASS Ia

		CLASS IIa

		CLASS III



		1,2

		Not Permitted

		Not Permitted

		Permitted



		3

		Not Permitted

		Permittedc

		Permitted



		4 (except Marine 4)

		Not Permitted

		Permittedc

		See Table 1404.3(3)



		Marine 4, 5, 6, 7, 8

		Permittedb,c

		Permittedc

		





a. A responsive vapor retarders shall be allowed on the interior side of any frame wall in all climate zones.

b. Use of a Class I interior vapor retarder, that is not a responsive vapor retarder, in frame walls with a Class I vapor retarder on the exterior side shall require an approved design.

c. Where a Class I or II 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 1404.3(4) and the Class I or II vapor retarder shall be a responsive vapor retarder.


2024 |IBC SECTION 1404.3 PROVISIONS

TABLE 1404.3(3)
CLASS Ill VAPOR RETARDERS

CLIMATE
ZONE

CLASS Illl VAPOR RETARDERS PERMITTED FOR:*P

Vented cladding over wood structural panels

Vented cladding over fiberboard

Vented cladding over gypsum

Continuous insulation with R-value > R2.5 over 2 x 4 wall
Continuous insulation with R-value > R3.75 over 2 x 6 wall

Vented cladding over wood structural panels

Vented cladding over fiberboard

Vented cladding over gypsum

Continuous insulation with R-value > RS over 2 x 4 wall
Continuous insulation with R-value > R7.5 over 2 x 6 wall

Vented cladding over fiberboard

Vented cladding over gypsum

Continuous insulation with R-value > R7.5 over 2 x 4 wall
Continuous insulation with R-value > R11.25 over 2 x 6 wall

Continuous insulation with R-value > R10 over 2 x 4 wall
Continuous insulation with R-value > R15 over 2 x 6 wall

Continuous insulation with R-value > R12.5 over 2 x 4 wall
Continuous insulation with R-value > R20 over 2 x 6 wall

a. Vented cladding shall include vinyl lap

siding, polypropylene, or horizontal
aluminum siding, brick veneer

with airspace as specified in this code,
rainscreen systems, and other approved
vented claddings.

. The requirements in this table apply only

to insulation used to control moisture in
order to permit the use of Class Ill vapor
retarders. The insulation materials used
to satisfy this option also contribute to
but do not supersede the thermal
envelope requirements of the
International Energy Conservation Code.

-~
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TABLE 1404.3(3)

CLASS III VAPOR RETARDERS

		CLIMATE ZONE

		CLASS III VAPOR RETARDERS PERMITTED FOR:a, b



		4

		Vented cladding over wood structural panels
Vented cladding over fiberboard
Vented cladding over gypsum
Continuous insulation with R-value ≥ R2.5 over 2 × 4 wall
Continuous insulation with R-value ≥ R3.75 over 2 × 6 wall



		5

		Vented cladding over wood structural panels
Vented cladding over fiberboard
Vented cladding over gypsum
Continuous insulation with R-value ≥ R5 over 2 × 4 wall
Continuous insulation with R-value ≥ R7.5 over 2 × 6 wall



		6

		Vented cladding over fiberboard
Vented cladding over gypsum
Continuous insulation with R-value ≥ R7.5 over 2 × 4 wall
Continuous insulation with R-value ≥ R11.25 over 2 × 6 wall



		7

		Continuous insulation with R-value ≥ R10 over 2 × 4 wall 

Continuous insulation with R-value ≥ R15 over 2 × 6 wall



		8

		Continuous insulation with R-value ≥ R12.5 over 2 × 4 wall
Continuous insulation with R-value ≥ R20 over 2 × 6 wall








2024 IBC SECTION 1404.3 PROVISIONS

TABLE 1404.3(4)
CONTINUOUS INSULATION WITH A CLASS | OR Il RESPONSIVE VAPOR RETARDER
CLIMATE ZONE | PERMITTED CONDITIONS?
3 Continuous insulation with R-value >2
Continuous insulation with R-value >3 over 2x4 wall.

4,5,and 6 Continuous insulation with R-value >5 over 2x6 wall
7 Continuous insulation with R-value >5 over 2x4 wall.
Continuous insulation with R-value >7.5 over 2x6 wall
g Continuous insulation with R-value >7.5 over 2x4 wall.

Continuous insulation with R-value >10 over 2x6 wall

a. The requirements 1in this table apply only to insulation used to control moisture in order to permit the use
of Class I or II vapor retarders. The insulation materials used to satisfy this option also contribute to but
do not supersede the thermal envelope requirements of the International Energy Conservation Code.

-~
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TABLE 1404.3(4)

CONTINUOUS INSULATION WITH A CLASS I OR II RESPONSIVE VAPOR RETARDER

		CLIMATE ZONE

		PERMITTED CONDITIONSa



		3

		Continuous insulation with R-value ≥2



		4, 5, and 6

		Continuous insulation with R-value ≥3 over 2x4 wall.

Continuous insulation with R-value ≥5 over 2x6 wall



		7

		Continuous insulation with R-value ≥5 over 2x4 wall.

Continuous insulation with R-value ≥7.5 over 2x6 wall



		8

		Continuous insulation with R-value ≥7.5 over 2x4 wall.

Continuous insulation with R-value ≥10 over 2x6 wall





a. The requirements in this table apply only to insulation used to control moisture in order to permit the use of Class I or II vapor retarders. The insulation materials used to satisfy this option also contribute to but do not supersede the thermal envelope requirements of the International Energy Conservation Code.


2024 IBC SECTION 1404.3 PROVISIONS

TABLE 1404.3(5)
CONTINUOUS INSULATION ON WALLS WITHOUT A CLASS I, II, OR III
INTERIOR VAPOR RETARDER?

CLIMATE ZONE | PERMITTED CONDITIONSP®
4 Continuous insulation with R-value > 4.5
5 Continuous insulation with R-value > 6.5
6 Continuous insulation with R-value > 8.5
7 Continuous insulation with R-value > 11.5
8 Continuous insulation with R-value > 14

a. The total insulating value of materials to the interior side of the exterior continuous insulation, including
any cavity insulation, shall not exceed R-5. Where the R-value of materials to the interior side of the
exterior continuous insulation exceed R-5 an approved design shall be required.

b. A water vapor control material layer having a permeance not greater than 1 perm in accordance with
ASTM E96, Procedure A (dry cup) shall be placed on the exterior side of the wall and to the interior
side of the exterior continuous insulation. The exterior continuous insulation shall be permitted to serve
as the vapor control layer where, at its installed thickness or with a facer on its interior face, the exterior
continuous insulation is a Class I or II vapor retarder.

c. The requirements in this table apply only to insulation used to control moisture in order to allow walls

without a Class I, II, or III interior vapor retarder. The insulation materials used to satisfy this option also

contribute to but do not supersede the thermal envelope requirements of the International Energy

Conservation Code.




TABLE 1404.3(5)

CONTINUOUS INSULATION ON WALLS WITHOUT A CLASS I, II, OR III 

INTERIOR VAPOR RETARDERa

		CLIMATE ZONE

		PERMITTED CONDITIONSb,c



		4

		Continuous insulation with R-value ≥ 4.5



		5

		Continuous insulation with R-value ≥ 6.5



		6

		Continuous insulation with R-value ≥ 8.5



		7

		Continuous insulation with R-value ≥ 11.5 



		8

		Continuous insulation with R-value ≥ 14





a.  The total insulating value of materials to the interior side of the exterior continuous insulation, including any cavity insulation, shall not exceed R-5. Where the R-value of materials to the interior side of the exterior continuous insulation exceed R-5 an approved design shall be required.

b. A water vapor control material layer having a permeance not greater than 1 perm in accordance with ASTM E96, Procedure A (dry cup) shall be placed on the exterior side of the wall and to the interior side of the exterior continuous insulation. The exterior continuous insulation shall be permitted to serve as the vapor control layer where, at its installed thickness or with a facer on its interior face, the exterior continuous insulation is a Class I or II vapor retarder. 

c. The requirements in this table apply only to insulation used to control moisture in order to allow walls without a Class I, II, or III interior vapor retarder. The insulation materials used to satisfy this option also contribute to but do not supersede the thermal envelope requirements of the International Energy Conservation Code.


SIMPLIFIED CODE-COMPLIANCE GUIDE

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

G U IDE Sheathing (FPIS) Continuous Insulation (cl)

Foam Plastic Applications

for Better Building

This reference gulde summarizes key requirements and op- Follow the three steps below for code-compliant water vapor
tlens In the 2021 International Residentlal Code (IRC) and 2021 control. For greater flexibility and to automate the application
International Bullding Code 1BZ) for design and construction of  of this reference guide, refer o these wall calculators. Varlous
code-compllant and molstureresistant frame walls using feam molsture control research reports and other practical guides are
plastc insulating sheathing (FAIS) as continuous Insulation (cl). also avallable here,

When used In a code-compllant manner, FPIS ¢l protects walls For a summary of kay concepts and principles for molsture con-
against the effects of molsture by keeping walls warm to prevent trol, refer to FACTS: Molsture Contrel for Wall Assemblies
condensation while maximizing drying to the Interlor with proper -

vapor retarder specification.

STEP 1: KNOW INTERIOR VAPOR RETARDER CLASSES

Use the following definitions for water vapor retarder classes when specifying Interlor vapeor retarders In accordance
with Steps 2 and 3

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

CLASS ACCEPTABLE MATERIALS

materizls with a perm rating of less

Sheet palyethylens, nonp. I foil, or cther app

1
than or equal to 01

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

Latex paint, enamel paint, or other approved materials applied in accardance with the manufacturer's

M| installation instructions for & perm rating of grater than 1.0 and less than or equal o 10.0.

STEP 2: CONSIDER PERMITTED INTERIOR VAPOR RETARDERS
Select a “permitted” vapor retarder for the Interlor side of frame walls based on the Climate Zones as outlined In IRC Table R7027(2).
paying attention to footnotes and other table references:

TABLE R702.7(3) CLASS Il VAPOR RETARDERS

CLIMATE VAPOR RETARDER CLASS
ZONE CLASS CLASS I CLAS:
1.2 Mat Permitted | Not Permitted | Permitted
2,4 .
Mat Permitted | Permitteds Permitted
{emeapt Maina. 4}
Marine ) I Sea Table
asezs | emited | Pemited | posom

& Class | and ll vapor retarders with vapor permeance greater than 1
perm when measured by ASTM E96 water method Frocedure 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 |
vepor retarder on the exterior side shall require an approved design.

© Wihere 3 Class lvapor refarder 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 RT027{4) and the Class Il vapor retarder shall have 3
vapor permeance of greater than 1 perm when measured by ASTM
EOS water method {Frocedure B).

U.S. Climate Zones

STEP 3: DETERMINE MINIMUM R-VALUE REQUIREMENTS FOR CI

For use of FPIS cl with Class Il or lll Interlor vapor retarders (per Step 2}, determine the minimum <l R-value required to control
water vapor using IRC Tables R702 7(3) or R702 7(4) as applicable. The ci and cavity insulation amounts provided must also comply
with the local energy code.

TABLE R702.7(3) CLASS Ill VAPOR RETARDERS
oy reguaraments far ¢l are shown)

CLASS Il VAPOR RETARDERS PERMITTED FOR:

i with R-value = 2.5 over 2 x 4 wall

4 Marine
«ci with R-value 2 375 over 2 x € wall
ciwith Rvalue 2 5 over 2 x 4 wall
5
i with R-value > 75 owver 2 x 6 wall
i with R-value 2 7.5 over 2 x ¢ wall
&

lwith Rovaluz = 1125 over 2 & well NOTE: When using a Class Il interior

wapor retarder, it must comply with the
7 “smart” vapor retarder requirements
_ of footnote 'C’ of IRC Table R702.7(2)
i with Revalue 2 15 over 2 x 6 wall above (e, coated kraft paper facer
complies). Use of a Class | “smart™
wvapor retarder will provide equal or
better performance. Smart vapor re-
tarders prevent OUTWARD maisture
movement Into walls In the winter
TABLE R702.7(4) CONTINUOQUS INSULATION (cl) and become vapor permeable for
WITH CLASS Il VAPOR RETARDER Increased INWARD drying potential
CLIMATE In the summer, which compliments
ZONE CLASS Il VAPOR RETARDERS PERMITTED FOR: the “warm wall" water vaper control
provided by FPIS cl. A Class Il Interl-
or vapor retarder Is sufficiently vapor
permeable at all ttimes such that it s
il with R-value > 3 over 2 x £ wall not required 1o be a "smart” vapor re-
4,56 tarder but It requires more FPIS cl L.,
i with R-value 2 5 over 2 x 6 wall a warmer wall) to prevent condensa-
tion in the winter.

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

i with R-value > 12 5 over 2 x 4 wall

i with R-value = 20 over 2 x 6 wall

2 ci with Rvalue 2 2

i with R-value 2 5 over 2 x 4 wall
T TIP:

i with Rvalue 2 75 over 2 x 6 wall While not required, using more than
the code minimum ci R-values shown
Wi Rovalug 2 15 over 2 x & vl above will further Improve water vapor

8 o N control and protection of the bullding
i with R-value 2 10 over 2 x G wall envelope.

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

DISCLAIMER nas been e A00uracy of the MIONMANoN resentad, he AC1LG] oesign, SUREDIRY A0 USE Of s INomaton
for any parbcular applicaion ks the responsibiity of ihe user. Where used In (e design of bulkings. ihe design, sulabiily and use of inis informabion for ary parlicuar
buliding i e respansbilty of e Crwner of the Owner's aulnorzed agent

\+ Cvwned and opsreted by the Applied Buiding Teshnology Group with suppart fom a grant
. Y i ing Commitiee FS0) ofthe Amesican Chenisry Councl,

0 assist the foam
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https://www.continuousinsulation.org/resources/quick-guides

WALL CALCULATOR
“Easy Button” to IECC/90.1 and IBC/IRC Coordinated Compliance

Wall Assembly Inputs Output
- | m p|emen’[s R_Va | ue g nd 1. Building / Energy Code & Year
Enerqy code B year Energy Code Thermal Check
U'faCtor ChECkS per |ECC & (BC 2015 + IECCC 2015 (Bxcluding aroup B) Y {F:imr e Propased Wall  CodeRequirement  Compliance Check
2. Climate Zone and Heating Degree Days I£factor of opague wall 0.060 0064 o Passed
M assembl
90.1 and also a moisture — '
. 9 R-Walue Method
. . Factor Propased Wall Code Requirement Compliance Check
control check (including i
Emter Hezting Dagree Days (HOD) if you want the minimum Insulation Ratio assembly
. M [Re/Ri) to be based on heating degree days, rather than strictly on the climate
| n S U | at | O n a n d p e rm e a n C e ;Z;EEE;E:;::Iilsj‘:snztn:;:lamhlee[f:r:g;:r::l?m:t::;::n;:dﬁzfuz?:g Bu“_ding Code Water Vapor Control Check
ratio checks) S —— sttt et
Interior Vapor Retarder  Proposed Minimium Ratio Required
. . Class* Ratio (Zone 5) Pass/Fail
= Flexible, More Solutions than o
. Cladding type and R-value Class IIF 053 030 + Passad
Code, More Precise - e
Mo Interior Wapar 053 140 x

[ | WO Od a n d Stee | fra m I n g 4, Exterior Continuous Insulation i

Manufacturer's rated R-value at installed thickness
75

https://www.continuousinsulation.org 5. Exterior Sheathing

-~
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https://www.continuousinsulation.org/

2024 IBC SECTION 1403.2 - WATER-RESISTIVE BARRIER

1403.2 Water-resistive barrier. Not fewer than one layer of water-resistive barrier material
shall be attached to the studs or sheathing, with flashing as described in Section 1404.4, in
such a manner as to provide a continuous water-resistive barrier behind the exterior wall
veneer. The water-resistive barrier material shall be continuous to the top of walls and
terminated at penetrations and building appendages in a manner to meet the requirements of
the exterior wall envelope as described in Section 1402.2. Water-resistive barriers shall
comply with one of the following:

1. No. 15 felt complying with ASTM D226, Type 1,
2. ASTM E2556, Type | or Il,

3. Foam plastic insulating sheathing WRB systems complying with Section 1402.2 and
installed in accordance with manufacturer’s installation instructions.

ASTM E331 in accordance with Section 1402.2, or
b. other approved materials installed in accordance with the manufacturer’s installation

instructions. ’\
JAN=J &




2024 IBC SECTION 1404.1 - FLASHING

= New provisions for fenestration flashing:

1404.4.1 Fenestration flashing. Flashing of the fenestration to wall assembly interface shall
comply with the fenestration manufacturer’s instructions or, for conditions not addressed by
the fenestration manufacturer’s instructions, shall comply with one of the following:

The water-resistive barrier manufacturer’s flashing instructions;
The flashing manufacturer’s flashing instructions;

A flashing design or method of a registered design professional; or
Other approved methods.




1404.4.1 Fenestration flashing. Flashing of the fenestration to wall assembly interface shall comply with the fenestration manufacturer’s instructions or, for conditions not addressed by the fenestration manufacturer’s instructions, shall comply with one of the following:  



1. The water-resistive barrier manufacturer’s flashing instructions;

2. The flashing manufacturer’s flashing instructions;

3. A flashing design or method of a registered design professional; or

4. Other approved methods.


RAIN WATER CONTROL

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

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

= (Conceptis simple:
Keep water out!

15.8

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

DLOW = <15.8 infyr WIND DRIVEN RAIN (infyr)

Wind driven rain is the primary hazard
(map based on UofGA research)

-~
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RAIN WATER CONTROL

= Select cladding type, windows & doors,
and installation methods best suited to
the local climate wind-driven rain hazard.

« Durability by Design — 29 Edition
(http://www.huduser.gov/portal/publications/reports/Guide-
Durability-by-Design.html )

= Variation in cladding material/method
performance and variation in wind-driven

rain hazard are not differentiated in the
code.

A Professional’s Guide to



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

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 additional information on code-compliant ci WRBs, refer
to: https://www.continuousinsulation.org/applications/WRB

=  Window flashing with pan flashing recommended (but

not required by code)

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

e Refer to window manufacturer, WRB, and flashing
manufacturer instructions

=  Window flashing addressed more completely next:--

Step 4 Install window

7]

Step 5 Install self-adhered
jamb flashing

v

Step 6 Install self-adhered
head flashing and
termination tape top edge
of head flashing



https://www.continuousinsulation.org/applications/WRB

FENETRATION INSTALLATION & PERFORMANCE

= FP[S ci Timeline

» Field Installation Experience

» |nstalled Performance Testing Experience
= Recommended installation instructions




FOAM
SHEATHING
TIMELINE

FPIS CI TIMELINE

= 1970s - FPIS ci introduced to market as energy conservation

market following 1970s oil crisis
as an energy saving insulation
technology. Windows installed

technology following 1970s oil crisis ot eam Shstirg il

manufacturer’s standard

1980s

Window installation practice
extends to include up to 1-1/2"
thick foam sheathing while
continuing to comply with
window manufacturer standard

installation instructions.

instructions.

= 1980s —installation over flanged fenestration progresses from 1508

Foam sheathing and

1" to 1-1/2” (window buck used for thicker foam) Ehite

= 1990s —FPIS ci WRB systems evolve
. . 2012
= 2006 - IRC & IBC codes change to require WRBs and require JECC s opsion

for energy code compliance in

2006

Codes change to require
WRB behind essentially all
claddings on frame walls.
Windows also required to be
installed and flashed to WRB
per fenestration manufacturer
instructions.

cold and moderate cold

use of fenestration manufacturer instructions for flashing it g

from 2006 code change do not
include foam sheathing.

= 2012 - [ECC expands prescriptive R-value use of ci; few window 2016

Window industry publishes

installation instructions address foam sheathing (if any) ke i s

= 2013 - Present — Increased use of FPIS ci, but differing opinions
and experience with how to integrate windows with FPIS ci, e

installation standard updated

2013

FSC initiates research

to confirm and better
understand window installation
performance when installed
on walls with foam sheathing
in view of fenestration

industry concerns.

2017

ANSI consensus standard
committee formed to address
above-grade wall applications

of foam sheathing, including
integration with windows. DOE
testing project initiated to expand
on earlier FSC research and
engage window manufacturers.

to include guidance

conflicting requirements, conflicting instructions, conflicting eptesy
standards, etc.

2020

Code change proposals
developed to recognize window
installation over foam sheathing
as WRB to be addressed in
2021 and 2022 ICC code
development process for

2024 1BC and IRC.

=» Research and testing conducted to resolve confusion
=» Code changes initiated for appropriate requirements ’\
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FIELD INSTALLATION EXPERIENCE

= Historically accepted practice (survey actual experience)
= Typical builder experienced with FPIS ci:

“We have been installing vinyl double pane windows over 1-1/2”
XPS foam with no OSB for over six years and before that over 1”
foam for almost 30 years and have seen no issues with window
movement.”

= (QOther sources indicate similar experience
= Experience from Canada also imported to U.S.



MODERN EXAMPLES OF HISTORICALLY ACCEPTED PRACTICE
(< 1.5”" FPIS ci)

ROUGH FRAMING

——AIR BARRIER SEALANT
A,
4
Al A
/

/—BEDDING SEALANT UNDER FLANGE
7

WINDOW JAMB FRAME

SEALANT JOINT AND
BACKER ROD

FPIS WRB SYSTEM
\— FLASHING

-~
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MODERN EXAMPLES OF HISTORICALLY ACCEPTED PRACTICE
(> 1.5" FPIS ci)

[
FLAMGED WIMNDOW E— ﬂl'r PLASTIC SHIM

]
CLOSED CELL FOAM BACKER SLOPED SILL (BEVELED SIDING)
ROD AND URETHANE
SEALANT AT WINDOW |
PERIMETER (AIR BARRIER) —_

234 SILL TRIM SUPPORT
SILL TRIM _\““%

N

ACRYLIC LATEX SEALANT C — = =

= Plywood window buck oL s — N

{2} LAYERS 2" FOIL-FACED
POLYISOCYANURATE

W I t h 4 ”_ t h IC k F P I S Cl INSULATING SHEATHING,
JOINTS STAGGERED AND i

TAPED, OUTER LAYER 15 =N

DRAINAGE PLANE S

2x6 STUD WALL WITH §* GWB

1x4 WOOD FURRING STRIP

FIEER CEMENT SIDING

PREMAMUFACTURED PAM
FLASHING WITH BACK DM

URETHAME SEALANT TO MIMIMIZE
WATER PEMETRATION AT SILL JOINT
Q‘ PRE-ASSEMBLED PLYWOOD
EXTEMSION BOX, COAT ALL SIDES OF
BOX WITH LIOUID-APFLIED WARDOR
PERMEAELE WATERPROOFING
COATING, THEM INSTALL METAL
BRACKETS AT OUTSIDE CORMERS
PRIOR T INSTALLATION, SEAL
IMTERIOR CORMERS WITH URETHAME
SEALANT OMCE INSTALLED

SILL TRIM

LURETHAME SEALANT (AR BARRIER)
CONTINUOUS FULLY-ADHERED

AlR BARRIER MEMBERAME OVER i*
PLYWOOD SHEATHING, EXTEND

5 %" INTO ROUGH GPEMING

f /

L
[/
N/

WINDOW SILL DETAIL

1 SCALE: 3'= 10"

Source: www.nist.gov/system/files/nzertf-architectural-plans3-june2011.pdf

-~
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http://www.nist.gov/system/files/nzertf-architectural-plans3-june2011.pdf

INSTALLED PERFORMANCE TESTING EXPERIENCE

= ~150 tests on ~30 wall assembly specimens by independent sources
= Fourintegrally-flanged window types (SH, DH, C, and HS)

= Two frame material types (vinyl and wood)

= Two installation configurations (single 1-wide, mulled 2-wide)

= Range of fenestration unit weights (~30 Ibs to ~400 Ibs)

= Rough opening sizes up to 6-feet

= Wall configurations with and without FPIS ci of three material types (XPS,
EPS, and PIR), up to 2” thick, and 15 or 25 psi compressive resistance per
ASTM C578 or ASTM C1289

= [FPIS detailed to serve as WRB system and flashed per WRB manufacturer

specifications ’\
JAN=J &



INSTALLED PERFORMANCE TESTING EXPERIENCE

= Test method generally followed AAMA

TIR-504-2020:

1. Initial air leakage resistance per ASTM E283
2. Initial water resistance per ASTM E331

3. Thermal cycling per ASTM EZ2264 Method A
(level 1)

4. Repeat air and water resistance testing
(steps 1 and 2)

5. Design pressure (DP) load test per ASTM E330
6. Repeat water penetration test (step 2)

7. Structural test pressure (STP) = 1.5 x DP
load test per ASTM E330



INSTALLED PERFORMANCE TESTING EXPERIENCE

= Performance criteria:

Report air leakage (Steps 1 and 4)
No water penetration (Steps 1, 4, and 6)
Design pressure (DP) — no damage that prevents normal operation

Structural test pressure (STP) — no damage that results in failure to sustain load; any
operability impact reported.

= Several later tests were focused only on DP and STP testing as
allowed by AAMA TIR-504-2020 to address specific questions
regarding structural support and anchorage.

= (QOther tests to evaluate special loading conditions also conducted
(shear load tests and long term creep/movement tests)



INSTALLED PERFORMANCE TESTING EXPERIENCE

=  \Water Penetration Resistance Tests

«  Tested per ASTM E331 using a b.4psf pressure differential (just above
15% of the max 35 psf DP rated window unit used in testing).

Window units “masked” because not re-testing window unit rating itself

. All used joint tapes and adhered flashing specified per the WREB
manufacturer’s instructions

. None of the flanges used bedding sealant to the WRB surface (removed
redundancy)

«  Sill pan flashing used (but without air sealing)

«  RESULTS: No water-penetration of assemblies with and without FPIS ci
— As expected, some water movement onto sill pan behind
unsealed bottom flange
— Consequence of E331 testing without air sealing rough
opening gap and flange providing only 1”7 lap down from
surface of pan flashing



INSTALLED PERFORMANCE TESTING EXPERIENCE

= Uniform Pressure (Wind Load) Resistance

« Tested per ASTM E330 at DP and STP = 1.5 x DP loading
— Most tested to 1.58 x DP (conservatively above STP target)

« Positive pressure then negative pressure tested
« Two specimens ramped to failure (>> STP load)

« Many window installation included weakening variances:
— Flange bedding sealant omitted in all cases
— Some flange fastener groups omitted

— Air sealing of rough opening omitted
— Some shims omitted (e.g., at head of HS window)

« Tests also repeated without weakening variances



INSTALLED PERFORMANCE TESTING EXPERIENCE

= Uniform Pressure (Wind Load) Resistance

« RESULTS: No structural failures related to installation over foam sheathing when

adhering to window manufacturer anchorage and support instructions (1” and 2” FPIS

thickness, 15psi and 25 psi)

Some operability impacts observed with missing fastener groups (e.g., sash pin dislodge from
brake/balance mechanism discovered after STP test level)

One structural failure related to missing shims (resulting in premature dislodging of sash
from frame)

One structural failure caused by wood sash cross rail split out at end notch for sash bracket

As with any window installation with or without FPIS, following manufacturer shimming and
flange fastener patterns (i.e., fastener groups) is important

Casement windows appeared most robust, double hung and horizontal slider appeared most

sensitive to installation variances "

JAN=J €



INSTALLED PERFORMANCE TESTING EXPERIENCE

= Sustained Dead Load & Creep Resistance

« FEvaluated movement of fenestration under sustained
dead load (weight of fenestration unit)

« Monitoring periods of 1 month to 6 months
« Upto 2" thick foam (15 psi minimum)
 Fenestration weights from 271bs to 384 Ibs

* Included same installation weakening variances
mentioned previously

« RESULTS: Recorded movement of 0.000" to -0.032"
(~1/32ndinch). Periods of upward movement also
observed. No relationship to installation conditions
discerned. All movement considered negligible or

typical due to environmental changes (not creep). II
JAN=J &




PERFORMANCE TESTING EXPERIENCE

» Flange Fastener Shear Resistance

« Test shear capacity and stiffness of flange
fasteners through 1" and 2" thick FPIS (15 psi)

« Windows installed with no shims and no
bedding sealant so flange fasteners resist all
shear load 4,000

Backbone Load-Deflection Curve

« RESULTS: Ultimate shear capacity changed § 3000 4 /"\ ==
little (~3,300 t0 3,600 Ibs); stiffness was 3 2000 =
affected very predictably; foam sheathing §1ooo 7
added ductility while providing adequate g

0.000 0.500 1.000 1.500 2.000

stiffness for support of fenestration weight. Bottom Window Deflections(n)

No Foam (Ave) 1" Foam (Ave)

Foam (Ave)



PERFORMANCE TESTING EXPERIENCE

= Fenestration Size Effect on Installed Performance
« Window size effect on DP rating permitted by code to be evaluated per AAMA 2502,
Comparative Analysis Procedure

« Comparative analysis by ASTM E330 testing of SH integral flange vinyl window as installed
(positive pressure only):

Size Safety Adjusted DP Installation Notes*
Factor (min 1.5 safety
factor)

42%x66 37.5 psf 25 psf 1.5 Wood substrate + shims + %" r.o. gap
(gateway)

30x42 151 psf 25 psf 6.0 80 psf Wood or up to 2” foam (15 psi) substrate,
30x42 118 psf 25 psf 4.7 no shims, and 3/8" r.0. gap

* Fasteners installed in every flange hole for all cases per manufacturer instructions

-~
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RECOMMENDED INSTALLATION INSTRUCTIONS

= For FPIS of minimum 15 psi compression resistance and
maximum 1.5” thickness:
« Use fenestration manufacturer’s shim and fastener schedule
— Adjust fastener length to maintain embedment in framing
« Use WRB or window manufacturer flashing instructions

= For FPIS > 1.5” thick:
« Use window buck or similar support method

— Some manufacturer’s offer specialty support brackets
« Otherwise, same as above for remaining installation details

= |[f window manufacturer’s instructions address the specific
application with FPIS, use those instructions.

See Appendix B. For additional information, refer to:
https://www.continuousinsulation.org/applications/window-installation

QUIC
Foam Plastic Applications
for Better Bullding

K WINDOW INSTALLATION INSTRUCTIONS FOR
WALLS WITH CONTINUOUS INSULATION:

E Integral Nail-Flange Windows on Walls with Maximum
-Thick Foam Plastic Insulating Sheathing (FPIS)'

IMPORTANT! READ ALL INSTRUCTIONS BEFORE BEGINNING INSTALLATION

STEP 1: KNOW YOUR RESPONSIBILITIES

The user of this document is respansible for the following: {1) determining the suitability of this document for the intended use;

(2} complying with the local building code: (3) providing the necessary skill to execute a proper window installation;

) following the

companent manufacturers” installation instructions for the user-specified window product, flashing materials, water-resistive barrier
(WRB), foam plastic insulating sheathing (FPIS), sealants, and other materials as required for a complete an effective installation;
and [5) addressing any varisnces from manufacturers’ instructions and product warranty stipulations, including consultation with the

product manufacturers or a design professional as neadad.

Check rough opening
fior proper width and
height and square/
prumbevel

Check FPIS thickness,
compressive strength,
and instaliation per
manufacturer's
instructions

Figure 1. Aough epening and FPIS verdication

Head flashing (3] -
recommended

Jam flashings (29
recommended

Sil pan flashing (%)
a3 required

Figure 2. Install rough cpening flashing. lapping
shingle-fashion (baftom to 1op of opening).

Bedding sealant -
a3 required
min. 14~ bead

Sl shims - a5
needed to level
o0 8% required for
suppart

Figure 3. Apply sill shims and bedding sealant,
set window into center of opening., and tempo-
rarily secure with flange s

STEP 2: BEFORE YOU INSTALL THE WINDOW

‘erify that the rough opening is level, plumb, square, and the size required for
the specified window product plus clearance for a rough cpening gap as rec-
ommended by the window manutacturer ftypically the rough opening width and
height are 14* to 3" greater than the window unit dimensions). See Figure 1.

m

o

. Verify that the FPIS is not greater than 14" thick, has a minimum compressive
strength of 15 psi per ASTM C578 or ASTM 1289, and is installed in accordance
with the FPIS manufacturer's installation instructions for a code-compliant WRB
application. Where a separate WRE material is provided, the thickness of FPIS
is greater than 1%4°, or for other special conditions, refer to the section SPECIAL
CONDITIONS & ADDITIONAL RESOURCES
Windows sill pan flashing with back-dam, rough opening jamb flashings, and head
flashings are a recommended installation best practice. Where used or required,
install the rough opening flashing elements in shingle-lap fashion (see Figure 2).
NOTE: Self-adhering and fluid-applied flaxible flashings (or equal) are typically
used for this purpose. Verify that the rough opening size can accommodate the
additional thickness of flashing materials and maintain the required rough open-
ing gap [see tem a).

STEP 3: INSTALLING THE WINDOW

a. Apply the window manufacturer's recommended bedding sealant [min. 14" bead)

to the rough opening perimeter approdmately 4" to 3 from the edge of the

rough opening (see Figure 3). DO NOT apply bedding sealant to sill flange where
sill pan flashing is used (see Step 2, kem c)

n

o

. Where sill shims are required by the manufacturer or where the sill is not level,
shims may be placed and tacked into level position prior to setting the window
unit. See Figure 3

n

With the window closed and in locked position, set into the center of the raugh
opening and fasten the center nail hole of the top flange to the rough opening
with the manufacturer’s recommended flange fastener. or initially secure as other-
wise recommended by the manutacturer {See Figure 3). Verify that the required
gap between the window head and header is present.

o

. Install sill shims {f not previously installed) and jamb shims at locations as re-
quired by window manufaciurer. Adjust shims as necessary ta achieve a square,
plumh, and level window installation. Apply shims at window head only where
required by the manufacturer.

&. Check operation of the window and then install remaining nail flange fasteners as

recommended by the manufacturer. A maximum fastener spacing of 67 is recom-

mended. NOTE: The length of fasteners will need to accommadate the thick-
ness of FPIS and maintain the required penetration into rough opening framing
materials. Do not over- ar under-drive flange fastenars. Flanges should be firmly

For thickar foam sheathing and other special conditions, ra!

o section "SPECIAL



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

THERMAL BRIDGING IMPACTS OF
FENESTRATION INSTALLATION

= Linear thermal bridge around window opening
« Not accounted for in window component U-factor
« Not accounted for in wall clear-field assembly U-factor

Linear
Transmittance

Btu w
hr ft F m K

Performance Category Description and Examples

[T

Well aligned glazing without conductive
bypasses

Efficient | Examples: wall insulation is aligned with the 0.12 0.2
glazing thermal break. Flashing does not

bypass the thermal break.

Misaligned glazing and minor conductive
bypasses

SEREIS Examples: wall insulation is not continuous 0.20 0.35
to thermal break and framing bypasses the
thermal insulation at glazing interface.

GLAZING TRANSITIONS

a)
. Additional Heat Flow

Un-insulated and conductive bypasses
Examples: metal closures connected to
structural framing. Un-insulated concrete 0.29 0.5
opening (wall insulation ends at edge of
opening).

= Center of Glass Heat Flow
:::: Edge of Glass Heat Flow
= Window Frame Heat Flow

& Clear Wall Heat Flow Source: Morrison-Hershfield (2020)
Source: Morrison-Hershfield (2020) Source: Barnes et al. (2013) ’\
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CFS frame office building with
20% WWR (punched openings)
or 33% WWR (ribbon
openings) results in 3,200 Inft
of linear thermal bridge at
window to wall interface

Poor details can reduce overall
wall effective R-value by half.

lgnoring thermal bridges can
overstate opaque wall

performance by as much as
100%

Using efficient thermal bridge
mitigation details minimizes
the impact.

TABLE 4

THERMAL BRIDGING IMPACTS OF FENESTRATION INSTALLATION

Comparison of “Poor” and “Efficient” Thermal Bridging Details
at the Window-to-Wall Interface!

Clear-field Wall Thermal

Adjusted Wall Thermal

Thermal Bridge Condition Performance Performance including
(R13+7.5ci steel frame)? Window-Wall Interface Reduction
Linear in Wall
Detailing Thermal Effective Effective Thermal
. ) U-factor U-factor
Practice Transmittance (Btu/hr-ft-F) R-value (Btu/hr-ft>-F) R-value | Performance
( Fig. 13) (Psi-factor, (1/U) (1/U)
Btu/hr-ft-F)
“Poor” 0.3 0.064 R-15.6 0.134 R-7.5 52%
“Efficient” 0.1 0.064 R-15.6 0.088 R-114 27%
TABLE NOTES:

1. Table is based on a typical 3-story office building (168°x109’) with 21,400 sf of gross above-grade wall
area of cold-formed steel frame construction having R13 cavity insulation and R-7.5 continuous insulation
on the exterior (i.e., R13+7.5ci wall per code as typical for moderate climate zones). The window-to-wall
area ratio is assumed to be 33% for ribbon windows or 20% for punched window openings resulting in a
total of about 3,200 ft of window perimeter interface with the wall assembly.
2. As a point of reference, a similar wall without the R7.5c1 and having only R13 cavity insulation would
have a U-factor of 0.125 Btu/hr-ft>-F (effective R-value of 8) because in that case the steel frame thermal
bridging in the clear-field of the assembly and at the fenestration perimeter would not be mitigated.

-~
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TABLE 4

Comparison of “Poor” and “Efficient” Thermal Bridging Details

at the Window-to-Wall Interface1

		Thermal Bridge Condition

		Clear-field Wall Thermal Performance

(R13+7.5ci steel frame)2

		Adjusted Wall Thermal Performance including Window-Wall Interface

		Reduction in Wall Thermal Performance



		Detailing Practice 

( Fig. 13)

		Linear Thermal Transmittance

(Psi-factor, Btu/hr-ft-F)

		U-factor (Btu/hr-ft2-F)

		Effective R-value

(1/U)

		U-factor (Btu/hr-ft2-F)

		Effective R-value

(1/U)

		



		“Poor”

		0.3

		0.064

		R-15.6

		0.134

		R-7.5

		52%



		“Efficient”

		0.1

		0.064

		R-15.6

		0.088

		R-11.4

		27%





TABLE NOTES:

1. Table is based on a typical 3-story office building (168’x109’) with 21,400 sf of gross above-grade wall area of cold-formed steel frame construction having R13 cavity insulation and R-7.5 continuous insulation on the exterior (i.e., R13+7.5ci wall per code as typical for moderate climate zones).  The window-to-wall area ratio is assumed to be 33% for ribbon windows or 20% for punched window openings resulting in a total of about 3,200 ft of window perimeter interface with the wall assembly. 

2. As a point of reference, a similar wall without the R7.5ci and having only R13 cavity insulation would have a U-factor of 0.125 Btu/hr-ft2-F (effective R-value of 8) because in that case the steel frame thermal bridging in the clear-field of the assembly and at the fenestration perimeter would not be mitigated.


WIND-DRIVEN RAIN RESEARCH

= U.S. does not have a wind-driven rain hazard map to
establish performance criteria for building enclosures

=  Wind-driven rain hazard must correlate annual
extreme wind speed at a given coincidental rainfall
rate considered as a threshold for concern with
generating a leak

=  Wind-driven rain resistance test criteria must then
correlate static or cyclic (non-spatially dynamic) test
methods like ASTM E331 to observed performance in
real wind flow and rain conditions

= A wind-driven rain hazard map is the first critical step



WIND-DRIVEN RAIN RESEARCH

The implications vary by climate based on coincidental wind speed and rainfall rate, frequency/duration, site
exposure, and consequences of water leakage or intrusion.

Ultimately, the selected hazard level and performance criteria for design and product evaluation must align with past

successful practice, discriminate against unacceptable practice, and consider consequence of different types of leaks.

S—

outh Florida vs. Virginia

315
B8

W SEVERE = 31.5 infyr or greater
W MODERATE = 15.8 to 31.5 infyr
CLOW = <15.8 infyr

WIND DRIVEN RAIN (in/yr)

Extreme Wind-Driven Rain Hazard (Tropical) — Hurricane Andrew, Typical W‘”d'[?”_ve” Rain ngard Exposur.e.(non—tropicz_;ll, t—storms, etc.);
1992 (~600 yr MRI wind event); Contents Damage in South Florida 35-year old building; only minor water staining below window with no

WRB, flashing, or bedding sealant ’\
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WIND-DRIVEN RAIN RESEARCH

Every 5 minutes
Z2- minute average wind
Max b-sec gust
H5-minute rainfall accumulation

Every 1-minute

Z2- minute average wind
max b-sec wind
1- minute rainfall accumulation

s 11 MILLION observations/
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WIND-DRIVEN RAIN RESEARCH

=  Preliminary Findings (Pilot Study funded by IBHS at Cornell U. /
NOAA Northeast Region Climate Data Center):

KMIA Return Period (Years) KSEA Return Period (Years)

1 30 . 0.25 10
‘; llo I BIU 5-min alle [kt) SID [; 1IO 2[0 nd (kt) I I ?Iﬂ *
Miami, FL vs. Seattle, WA ’\
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CONCLUSION

= |nsulation requirements continue to advance
= Building codes continue to improve moisture control
= Energy code and building code better coordinated

= Fenestration installation practices evaluated & confirmed for use with
FPIS ci (with appropriate limitations)

= Minimizing thermal bridging at window-wall interface is increasingly
important

= New wind-driven rain research holds promise to better coordinate
risk-consistent enclosure design and product evaluation for variation
in U.S. climate hazard.



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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