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WELCOME & HOUSEKEEPING

« Thank you for attending our webinar today!
* Mics are muted. Please ask any questions in the chat or Questions windows.

* A PDF of the presentation and a Certificate of Attendance will be available in
your Steel Framing Learning Portal account after the webinar.

* Please submit your AIA number to Meredith Perez in the chat or email it to
Meredith@CFSteel.org if you wish to have your learning units recorded.

 If you are a group viewing the presentation from a single computer, please
email Meredith for the Group AlA attendance form so we can report LUs for
everyone who attended. Veredith@CFSteel.org
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INTRODUCING OUR SPEAKER!

Jay Crandell, PE

Over 30 years of experience in construction,

engineering, and innovative building technology
research for private and public sector clients.




Integration of Cladding, Windows, &
Continuous Insulation on CFS Walls

Jay H. Crandell, P.E.
ABTG / ARES Consulting




Outline

= Whatis continuous insulation (ci)?

= Building Science Fundamentals

= \Water-Resistive Barrier & Flashing — Code Requirements
= Fenestration Installation & Performance on Walls with ci
= (Cladding Installation & Performance on Walls with ci

= Conclusions

= Q&A



First, what is ci?

n I[ECC and ASHRAE 90.1 Definition:

« Continuous Insulation (ci): Insulation that is uncompressed and
continuous across all structural members without thermal bridges other
than fasteners and service openings. It is installed on the interior or
exterior or is integral to any opaque surface of the building envelope.

=  FPIS Material Types (10-100 psi compressive resistance; R4-R6 per in.):
« ASTM Ch78 — Standard specification for rigid, cellular polystyrene
thermal insulation
— Extruded polystyrene (XPS)
— Expanded polystyrene (EPS)
« ASTM C1289 — Standard specification for faced rigid cellular
polyisocyanurate thermal insulation board
— Polyisocyanurate (Polyiso, PIC, etc)

= QOthers ci materials include Phenolic foam (R7+ per in.), mineral/glass fiber,
wood fiber, spray foam, structural composite insulating sheathing, etc.




Building Science Fundamentals

= 5 Concepts for Moisture Control
= 3 Rules to Never Break

= Practical Resources
= \Wind-driven Rain Hazard



b Building Science Concepts for Moisture Control

= Regardless of what materials you specify for a wall assembly, certain building science
fundamentals are always necessary to address.

= Successful moisture control requires an integrated approach to 5 key building science
concepts:

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

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

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

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

= All are important, all vary in significance, all have inter-dependencies.
= These b concepts are captured in the following 3 rules...

o R w



RULE #1 ot 3

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 Vapor Con-

trol and wall calculators), FPIS ci keeps water-sensitive mate-
nals 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 approprni-
ately specified interior vapor retarder (or no interior vapor
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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
in 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
more about the use of FPIS for water vapor control here.

FPIS R-VALUE (AS REQUIRED)

y CAVITY INSULATION RE-VALUE
/_ INTERIOR VAPOR RETARDER

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

https://www.continuousinsulation.org/resources/facts-ci
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(B) Walls with RS FPIS ci keeping OSB sheathing dry
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| Figure 2.| Comparison of 12 actual walls with and without RS FPIS cl
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https://www.continuousinsulation.org/resources/facts-ci

Rule #1 requires coordination
with the Energy Code...

IECC Commercial Provisions

IECC _

ENERGY CONSERVATION

Moist (A)

IECC Residential Provisions

Climate Zone

Wood Frame Walls

Climate Building Use Metal Framed Wood Framed
Zone 2018 IECC 2021 IECC 2018 IECC 2021 IECC
All other . .
Oand 1 Groun R R13+5ci R13+5c¢i
D (U-0.077) (U-0.077)
5 All other
Group R R13+3.8cior | R13+3.8cior R20
3 All other R13+7.5ci R20 (U-0.064)
+7.3c¢1
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+7.5¢i
6 R13+12.5ci R13+7.5ci or cror
Group R . R20+3.8ci
All oth (U-0.049) R20+3.8ci (U-0.051)
other (U-0.051) '
7 Groun R R13+15.6ci R13+15.6ci
p (U-0.052) (U-0.042)
R13+7.5c1
All oth + i
o (U-0.064) RIg+I8.8ci  ||RIFIS6cior s gei
8 - R20+10c1
Group R R13+17.5ci (U-0.037) (U-0.036) (U-0.032)
p (U-0.045) '

2018 IECC 2021 IECC
R13 R13 or RO+10ci
1 2
0,1and (U-0.084) (U-0.084)
R20 or R13+5ci or
3 RO+15ci
(U-0.060)
: R20 or R13+5ci
4 except Marine ( U-0.060)
5 and Marine 4 R30 or R20+5ci or
R13+10ci or R20ci
6 R20+5ci or (U-0.045)
R13+10ci
7 and 8 (U-0.045)

Note: Cavity insulation is only 40-50% effective on CFS walls, so ci is prescribed for all climate zones.

-
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Rule #1
requires
coordination
with the
Building
Code...

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

QUICK
GUIDE

Foam Plastic Applications

Sheathing (FPIS) Continuous Insulation (cl)

for Better Builkding

This reference guide summarizes key requirements and op- Follow the three steps below for code-compliant water vapor
tions In the 2021 Intemational Residential Code (IRC) and 2021 control. For greater flexibllity and to automate the application
International Bullding Code (BC) for design and construction of  of this reference guide, refer to these wall calculators. Varlous
code-compliant and molsture-resistant frame walls using foam molsture control research reports and other practical guides are
plastic Insulating sheathing (FPIS) as continuous Insulation (cl). also avallable here.

When used In a code-compliant manner, FPIS cI protects walls For a summary of key concepts and princlples for molsture con-

against the effects of molisture by keeping walls warm to prevent | rafer to FACTS: Molsture Control for Wall Assemblles.
condensation while maximizing drying to the Interlor with proper

vapor retarder specification.

STEP 1: KNOW INTERIOR VAPOR RETARDER CLASSES

Use the following definttions for water vapor retarder classes when specifying Interior vapor retarders In accordance
with Steps 2 and 3:

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 01.

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 paint, 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.

STEP 2: CONSIDER PERMITTED INTERIOR VAPOR RETARDERS

Select a “permitted” vapor retarder for the Interior side of frame walls based on the Climate Zones as outlined In IRC Table R702.7(2),
paying attention to footnotes and other table references:

TABLE R702.7(3) CLASS Il VAPOR RETARDERS

ATE VAPOR RETARDER CLASS
ZONE CLASS I* CLASS I CLASS Il
1,2 Not Permitted | Not Permitted |  Permitted
= Not P P de F
(excopt Marine &)
Marine . B See Table
4,5.6,7,8 Permitted® Permitted' R7027@)

2. Class | and l 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 linterior vapor retarder in frame walls with a Class |
vapor retarder on the exterior side shall require an approved design.

. Where a Class ll vapor retarder is used in combination with foam
plastic i installed as c i ion on the
exterior side of frame walls, the continuous insulation shall comply
with Table R7027(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).

U.S. Climate Zones

STEP 3: DETERMINE MINIMUM R-VALUE REQUIREMENTS FOR CI

For use of FPIS cl with Class Il or lll Interior vapor retarders (per Step 2), determine the minimum ci R-value required to control
water vapor using IRC Tables R7027(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 Il VAPOR RETARDERS
(only requirements for cl are shown)
CLIMATE
ZONE

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 6 wall
ciwith R-value 2 5 over 2 x 4 wall
5
ci with R-value 2 7.5 over 2 x 6 wall
ci with R-value 2 7.5 over 2 x 4 wall
6

ciwith Revalue 2 1125 over 26 wall NOTE: When using a Class Il Interior

vapor retarder, it must comply with the
7 “smart™ vapor retarder requirements
- - of footnote ‘c’ of IRC Table R7027(2)
ci with R-value 2 15 over 2 x 6 wall above (e.g., coated kraft paper facer
complies). Use of a Class | “smart”
vapor retarder will provide equal or
better performance. Smart vapor re-
tarders prevent OUTWARD moilsture
movement Into walls In the winter
and become vapor permeable for
Increased INWARD drying potential
CLIMATE In the summer, which compliments
ZONE CLASS Il VAPOR RETARDERS PERMITTED FOR: the “warm wall” water vapor control
provided by FPIS ci. A Class lll Interi-
or vapor retarder Is sufficiently vapor
permeable at all times such that it Is
ci with R-value 2 3 over 2 x 4 wall not required to be a “smart” vapor re-
4,56 tarder but It requires more FPIS cl (Le.,
ci 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

ci with R-value 2 12.5 over 2 x 4 wall

ci with R-value 2 20 over 2 x 6 wall

TABLE R702.7(4) CONTINUOUS INSULATION (cl)
WITH CLASS Il VAPOR RETARDER

3 ciwith Rvalue 22

ci with R-value 2 5 over 2 x 4 wall
7 TIP:

ci with R-value 2 7.5 over 2 x & wall While not required, using more than
the code minimum ci R-values shown
above will further Improve water vapor

e - N control and protection of the bullding
ci with R-value 2 10 over 2 x 6 wall envelope.

ci with R-value 2 7.5 over 2 x 4 wall

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

DISCLAIMER W/hile reasonabile effort has been made to ensure the accuracy of the information presented, the actual design, sultability and use of this Information
for any particular application I the responsiblity of the user. Where Lsed In the design of bulkings, the design, sutablity and use of this Information for any particuar
busding s the responsibility of the Owner o the Owner's authorized agent.

~  Ownedandop Y "op g Technology Gi vith from a grant
“\  [rovided by the Foam (FSO) of the Amesican Chemistry Counl,
) pces informats i 1o assist the foam
nuousin: I : - develop research
o | Dt e o i e i of o

https://www.continuousinsulation.org/resources/quick-guides
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https://www.continuousinsulation.org/resources/quick-guides

Rule #1 — Wall Calculator to Simplify Energy and Building Code
Compliance, Coordination, and Optimization...

Wall Assembly Inputs Output

" |mp|ements R_Value and 1. Building / Energy Code & Year
U-factor checks per IECC | wvoeem i

1BC 2015 + IECC-C 2015 (Excluding group R) v Factor P §Wall Code Requi Compli Check

& A S H R A E 9 O 1 2. Climate Zone and Heating Degree Days {£factor of opaque wall 0060 o0ct 7 Passed
- assembly

Climate zone
s o R-Value Method

L]
= Moisture control check = e S ST
*R-value of opaque wall R13+7.5¢i R13+7.5ci  Passed
C C u L] Enter Heating Degree Days (HDD) if you want the minimum Insulation Ratio
e r | B | R I n C | u d | n (Re/Ri) to be based on heating degree days, rather than strictly on the climate
zone minimi

assembly
imums. Values outside the range shown will be ignored. The heating
degree days option is only available for some climate zones. HDD values are Building COde Water Vapor COntrol Check

insulation and ot (e it

oscenst Heating degree days (Valid range: 5401 - 7200)

permeance ratio checks) | Che -
= Flexible, More Solutions (g : A .

No Interior Vapor 058 140 X

t h a n C O d e : I\/l O re P re C i S e 4. Exterior Continuous Insulation P

Manufacturer's rated R-value at installed thickness

https://www.continuousinsulation.org/calculators Il

JAN\=J I E
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. VVOOd and Steel framing 5. Exterior Sheathing



https://www.continuousinsulation.org/calculators

e
o —
ule O =
, Drywall caulied, glued of
A - p \quslu:h:d to top plate
) Exterior sheathing caulked,
glued or gasketed to top plate

RULE #2: Minimize Air Leakage!
Leakage of moist air from the indoors or outdoors into or

Cladding
through a building assembly can easily override the func- Taped or sealed joints In
tion of vapor retarders. Minimize air leakage by following exterior sheathing

Exterior sheathing caulked, glued
or gasketed to bottom plate

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
vulnerable to the consequence 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 WRB system, see
RULE #£3), and (2) it will also reduce the potential for moist

I ~~Exterior sheathing caulked,
glued or gasketed to top plate

Tape or sealant, over joint
In exterior sheathing

air to condensate on or be adsorbed by moisture-sensitive T | cororactmn
matenals inside the wall because it controls the tempera-
ture of those materials. Find more information on use of |~ Extenor sheathing causied, glued
FPIS as an air barrier here. g4=—]  or pasketed to botiom plate
. . . . Note: Shaded Exterior sheathing cauked, glued
https://www.continuousinsulation.org/resources/facts-ci components or gusketed tn 38 piste

Sl plate Installed over sH gasket

M| Figure 3.| FPIS cl Installed as an alr barrier
exterlor sheathing.



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

RULE #3: Avoid Rain Water Intrusion!

Most importantly, keep rain water out of walls by proper
R U | e # 3 Of 3 use of cladding, drainage, water-resistive barrier (WRB),

and flashing as required by the building code and gooed
practice. Many FPIS ci products can be used as a code-
approved WRB system when installed in accordance with
the manufacturer’s installation instructions. Approved FPIS
WRB systems use durable joint treatments (e.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.

-

Figure 4. |FPIS WRB System Installation using joint tapes and adhered flashings;
refer to manufacturer Installation Instructions for specific detalls.

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

Control of Water Intrusion

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

« Wind driven rain (WDR) is the primary hazard

B SEVERE = 31.5 in/yr or greater

= |f rain water is not adequately controlled, N et NT—
other building science measures can be
] ] ) ) Annual Average Wind Driven Rain Receipt (in/yr)
rendered ineffective (air barriers, vapor (map based on UofGA research)

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

retarders, drying potential, etc.)

=  Conceptis simple:
Keep water out!

0
30E

See supplemental slides on WDR and latest research in progress

y
JAN\=J I E



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

MOISTURE CONTROL FOR FRAME WALLS "1 @ Water-Resistive Barrier (WRB)
Specify and install a WRB in accordance with IRC Section R703.2. WRB matenial and
Code Compllant Wall Detalling X A
Integration of code-compliance requirements and best practices n © Surface of FPIS WRE System w/ taped joints - FPIS surface used as WRB
for moisture control of frame wall assemblies (based on 2021 IRC). * © Separate WRB behing ci - Any ci insulation type not used as WRB

: © Membrane (wrap). spray-applied, or WRB wall sheathing (no ci)

-
FIGURE KEY: Structural Sheathin i location based on WR n
FIGUREKEY. o O g ¢ @ Drainage Space (location based on WRE option used) Lé 77
VR - vapor retarder Specify and install structural sheathing per IRC Chapter 6 where L Where required, located between cladding and WRB (see above). See requirements for
AB - ar barrier used for wall bracing. Examples include OSB. plywood. gypsum 2 L reservoir cladding types (brick, stucco, adhered veneer, etc ) Q)
WRB - water-resistive barmler sheathing. ﬁberI‘:oard‘ diagonal wood boards, etc. (Wood let-in and . Where not required, use as recommended best practice
FPIS - foam plastic Insulating sheathing metal brace options not shown.) o
EIFS - exterior insulation & finish system -
CcSPF - closed-cell spray foam = @ continuous Insulation (ci)*

@ 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
vapor are provided in Table R7027(3)

. Where used, ci R-value must meet IRC Table R7027(2) and Table R7027(3) or (4) as

'_' applicable based on Climate Zone and the interior VR Class specified. The required

minimum ci R-val ensure q! Is} e control to prevent condensation

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

L Where non-vapor permeable (< 5 perm) ci is used (e.g.. FPIS), it will mitigate inward vapor n e g r a e ,

drive from reservoir claddings (2.g., stucco, adhered veneer, brick, etc). For similar reasons,

(1) Without exterior ci — siding must be back-vented (e.g., furred) or
vented siding (e.g.. vinyl).
(2) With exterior ci — siding not required to be back-vented or vent-

used or required.
They cannot be
summed to meet
energy code.

drainage space location options based on WRB location specified.Q ‘

ed siding. it is rec: ded to use a mod: 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. b. O e —
A .
P ¢ @ cavity Insulation*
idi u - Combina- ’
. Stucco, Adhered Mesonry Veneer, Cement Panel S'dmg’ etc. ; K tion of c:-and cavity If ccSPF is used at thickness to achieve 1.5 perms or less, the R-value can be combined
Specify and install WRB per IRC Section R703.7.3. In Moist/Marine N R-value must satisfy with ci R-value to meet ci requirements of Tables R7027(3) or (4) to decrease the exterior -
climate regions, a minimum 3/16” drainage space is required. See : energy code, where - ci thickness/R-value required, but ccSPF must still be treated as cavity insulation for energy O I I I I a I I
4 code compliance. ©

Altemative drainage methods include 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

@ Interior Vapor Retarder (VR)*2

n
Use of a Class linterior VR (that is not “smart”) in frame walls with a Class | exterior VR is I\/l O I S t l I r e

or E2925 b
v not permitted without an approved design. Double vapor “barriers” should be avoided.
A C An interior vapor retarder is not required in Climate Zones 1, 2, and 3. Responsive ("smart”)
. hored M nry Veneer (stone & brick) Class | or Il VRs are allowed on interior side of any frame wall in all Climate Zones.

1" ventilation and draining space required for all an- s A . . y .

Flashing (IRC Section R703.4): chored stone or brick veneer in all climate zones (see If ci used or required: Specify VR per Table R7027(2) in coordination with CI.and c.avrty insula
- s — tion R-values per Tables R7027(3) or (4) as applicable. Class 111 VR must be “smart™ VR f ciis
Flashing at siding transitions, fenes- Section R703.8).0)
FPIS (e.g.. non-vapor permeable). otherwise use Class Il VR

tration, and other wall penetrations
or details not shown:; flash to the
designated WRB layter (location

in wall may vary) and kick-out to Y
exterior or cladding where required Air Barrier (AB) °
atweeps, etc. A continuous AB is used in all climate zones to achieve
required whole buildilng 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 penetr:
tions sealed. AB material can be the WRB, the ci, the
structural sheathing, the ccSPF cavity insulation, the
VR, or gypsum wallboard. Any material or combination NOTE: Drainable EIFS cladding

thereof must meet energy code requirements for AB (not shown) is similar to stucco
and drainage between ci sub-

50 qualifies as vented cladding for use of Class Il VR

If ci not used: Specify VR per Table R7027(2) with best practice recommendation to s|
on walls without exterior ci per Table R702.7(3). pedly VR pe @) P pecify

Class | "smart” VR in Climate Zones 5-8 and install as an air barrier. Use of a Class Ill VR with-
out ci is not recommended even though permitted.

NOTES ON VAPOR RETARDER CLASSES AND RESPONSIVE VAPOR RETARDERS:

1 Viapor retarder classes are defined In Tablke R702.2(% and inchude Class | (e.g., poly). Class Il {o.g., coated kraft paper facer),
and = Ml [o.g.. vapor retarder latex paint par manufacturer’s instructions). Ciass | has vapor permeance of 01 of less,
Clazs Il 1 01 1o 1 porms, and Class lll s 110 10 perms.

2 Arcsponsive or “smart” vapor retarder i Ciiss | or Il (e, 1 perm or less) that becomes mare vapor open in a humid environment h - // | /
such that drying occurs when noeded. Regular vapor retarders are classiied on the basts of "dry cup” vapor permeance mea. ttDS' WWW'ContInUOUSInSU atlon'org
surcmants ot low humidity conditiars. Resperaive vapar retarders are addiionally required to have a permaance of groater than

T o when massured by the “wet cup” methad of ASTM E36 5 a modoratly high humdiy condsion. Costod kit papes foccr moisture-control-frame-walls

& a Class |l resporsive vapar retarder. Class | responsve vapor retarders are typically proprctary films or membrane products.

JAN\=J I E

Cladding Connections

(IRC Section R703.3):

For connections through FPIS refer
also to IRC Section R70315.

I EEE_e

;\atenal properties (Le.. esser?nally air impermeable). strate and WRB is ahvays re- - O \ppl Technology Group
'ecommended best practice is to provide AB on both U quired per Section R703.9 (barri- “ ‘ provided by the Fe i (FSO) of the A Ch
sides of air-p ble insul (ie..on [l er EIFS is not permitted in IRC). . g

exterior and interior sides of wall cavity) for improved T 1% i J lastic i ing industry, using develop
thermal performance and moisture control the reliable, efficent, and ic design and of fo



https://www.continuousinsulation.org/moisture-control-frame-walls
https://www.continuousinsulation.org/moisture-control-frame-walls

WRB & Flashing Code Requirements

Use of a code-compliant water-
resistive barrier (WRB) and flashing
details are required by code (since the

2006 IRC/IBC) because we learned
that claddings and windows leak.

FPIS WRB systems are now code-
recognized; refer to FPIS
manufacturer for code compliance
data and installation instructions.

Structural Panel
as required ~,
ke | ~ H

traming |« FPIS —~ 4 Flash all penetrations
A to this level

Interior finish —,

insulation

) .~ Bottom plale///

/— Foundation

For guidance on use of FPIS ci as a WRB, refer to:
https://www.continuousinsulation.org/applications/WRB

For listing of code-compliant FPIS WRB systems refer to:
https://www.driengineering.org/drr/1410-05

-
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https://www.continuousinsulation.org/applications/WRB
https://www.drjengineering.org/drr/1410-05

WRB & Flashing Code Requirements

2024 IBC WRB provisions:

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 intersection between the water-resistive barrier materials and fenestration openings shall
be flashed and assembled in accordance with the fenestration manufacturer's installation instructions, or other approved
methods for applications not addressed by the fenestration manufacturer’'s instructions. 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 water-resistive barrier systems complying with Section 1402.2 and installed

in accordance with manufacturer's installation instructions.
4. ASTM E331 in accordance with Section 1402.2.
5. Other approved materials installed in accordance with the manufacturer’s installation instructions.

No.1b asphalt felt and water-resistive barriers complying with ASTM E2556 shall be applied horizontally, with the upper layer
lapped over the lower layer not less than 2 inches (51 mm), and where joints occur, shall be lapped not less than 6 inches

(152 mm). ’.
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WRB & Flashing Code Requirements

= WRB performance criteria vary widely from no installed performance test (material
water resistance test only) to full installation system testing (e.g., FPIS WRB systems)

For information on WRB performance testing requirements refer to:
https://www.appliedbuildingtech.com/rr/1504-03



https://www.appliedbuildingtech.com/rr/1504-03

WRB & Flashing Code Requirements

2024 I1BC Flashing provisions:

1404.4 Flashing. Flashing shall be installed in such a manner so [ IR
as to prevent moisture from entering the exterior wall or to - - B TS \ |

redirect that moisture to the surface of the exterior wall covering
or to a water-resistive barrier complying with Section 1403.2 and
that is part of a means of drainage complying with Section
1402.2.

Flashing shall be installed at the perimeters of exterior door and

window assemblies in accordance with Section 1404.4.1,

penetrations and terminations of exterior wall assemblies,

exterior wallintersections with roofs, - etc. _ d d 4
Step 4 Install window Step 5 Install self-adhered Step 6 Install self-adhered

1404.4.1 Fenestration flashing. Flashing of the fenestration to jamb flashing s O
the wall assembly shall comply with the fenestration of head flashing
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; . .
_ o _ another in scope of materials and methods addressed,
The flashing manufacturer's flashing instructions;

2 _ _ _ _ _ limitations, conditions of use, and performance basis.
3. Aflashing design or method of a registered design professional; or,
4

Other approved methods. ’.
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Window flashing with pan flashing is a recommended

best practice (but not required by code)
e Flashing instructions may vary from one source to




Fenestration Installation & Performance on Walls with ci

N Research Report

= FPIS ci Timeline e lis
= Field Installation Experience
= |nstalled Performance Testing i Ui e
] ] with Foam Plastic Insulating Sheathing
u Recommended |nSta||at|On ABTG Research Report No. 2104-01
i N St F'u Ct| ons Conducted for the Foam Sheathing Committee (FSC)

of the American Chemistry Council

. . Report Written by:
For more information, refer to: R ¥

https://www.continuousinsulation.org/window-installation Applied Building Technology Group, LLC
appliedbuildingtech.com

Final Report: April 7, 2021

https://www.appliedbuildingtech.com/rr/2104-01



https://www.continuousinsulation.org/window-installation
https://www.appliedbuildingtech.com/rr/2104-01

FOAM
SHEATHING
TIMELINE

FPIS ci Timeline

Foam sheathing enters building
market following 1970s oil crisis
as an energy saving insulation
technology. Windows installed

= 1970s - FPIS ci introduced e

manufacturer's standard

1980s

Window Installation practice
extends to include up to 1-1/2"

= 1980s —flanged window install over FPIS progresses i i

Foam sheathing and

from 1" to 1%" (window buck used for thicker foam) ot

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

|ECC expands application of

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.

continuous insulation as option

fenestration manufacturer instructions T et

Window er

2013

FSC initiates research
to confirm and better
understand window installation

installation instructions resulting

» 2012 - [ECC expands use of ci for R-value compliance use of ¢ci | forseasamein

= 2013 - Present — Increased use of FPIS ci, but differing opinions | .29 e

installation standard practice

conflicting with accepted

and experience with how to integrate with windows, conflicting s e i
requirements, conflicting instructions, conflicting standards,
conflicting opinions, etc. o, 2018

installation standard updated
to include guidance

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.

consistent with available
test data and historically 2020
accepted practice
PR Code change proposals

developed to recognize window
installation over foam sheathing

=» Research and testing to resolve confusion
= Code improvements initiated 1970-2020

as WRB to be addressed in
2021 and 2022 ICC code
development process for
2024 1BC and IRC.

-
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Field Installation Experience

= Historically accepted practice (survey actual experience)

= TJypical builder experienced with FPIS ci:

“We have been installing vinyl double pane windows over 12" XPS foam with no OSE 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.



Examples of Historically Accepted Practice
(< 1.5" FPIS ci)

—_ ROUGH FRAMING
N 4
\ £ | % —— AIR BARRIER SEALANT
\ / \ /
bS A . —BEDDING SEALANT UNDER FLANGE
X 2\ /
/ \ /
/ \|/ \ B4 7, WINDOW JAMB FRAME
. >

SEALANT JOINT AND
BACKER ROD

FPIS WRB SYSTEM
FLASHING
CLADDING

-
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Examples of Historically Accepted Practice
(> 1.5" FPIS ci)

FLANGED WINDOW
CLOSED CELL FOAM BACKER ™

=  Plywood window buck with 4"-thick e

PLASTIC SHIM
SLOPED SILL (BEVELED SIDING)

/ PRE-MANUFACTURED PAN
. PERIMETER (AIR BARRIER) = | / FLASHING WITH BACK DAM
F P | S Cl 2x4 SILL TRIM SUPPORT \\ URETHANE SEALANT TO MINIMIZE
SILL TRIM - WATER PENETRATION AT SILL JOINT
. —-V\ ¥ PRE-ASSEMBLED PLYWOOD
n 2 d b k | d ( | | /_ EXTENSION BOX, COAT ALL SIDES OF
X WOO UCKS alSO use especially PUREERCID SO 1, 1. BOX WITH LIQUID-APPLIED VAPOR
PERMEABLE WATERPROOFING
. DRYWALL ADHESIVE
for masonry/concrete constru ction) S CORTHG, TVEW RISTALE RET:
POLYISOCYANURATE PRIOR TO INSTALLATION, SEAL
= N O -|— E . F -|— | | V t t 13?##;2:&2’;%2‘%% INTERIOR CORNERS WITH URETHANE
- s T ONCE INST
. or y p € construction TAPED, OUTER LAYER IS SElALLTA:IM el
DRAINAGE PLANE
. . URETHANE SEALANT (AIR BARRIER)
(IBC), the window-wall interface 246 STUD WALL WITH * GWB pritspm o i
1x4 WOOD FURRING STRIP

AIR BARRIER MEMBRANE OVER 7"
PLYWOOD SHEATHING, EXTEND

5% INTO ROUGH OPENING

a|SO must Comply W|th NFPA 285 FIBER CEMENT SIDING

tested.assembly and engineering N S
analysis. 1 b

» Applies regardless of Source: www.nist.gov/system/files/nzertf-architectural-plans3-june2011.pdf

FPIS thickness.

JAN\=J I E

« See examples next slide.



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

Example NFPA 285 Fenestration Rough Opening Details

DuPont™ Thermax™ With or Without Spray Polyurethane Foam

1JJBo5306.

st

. 1 ~ /
| LAYER £ THCK TYPE % A
GYPEUN WALLBOND), AL 2 HI
JONT® BHALL RECEIVE AT B b
ALevi PINSH <.
WITH AL PABTENERS. "
(COVERED WITH JONT HI || —  TvvEx®comeRoaLwmse®
1 L—1] OR COMERQALWRAP® 7
H e |
) R EXTEROR Y570
£ THOx TP X ExTERIOR T W/ QIS FOR ATTACHMENT 70
BYPSON sHEATG
23" mox

PEPTH, 24° OC. o/ LATERAC
BRAGNG 47" VERTIALY

MAX 2" BAGP GPRAYTITE =

1206 OR WALLTITE LWP
SPRAY POAM (OPTIONAL) ~

MIN. I-1/2" MINERAL WOOL

cr
OTUZ CAVITIED. ”INEKAL
wi EXTENDS IR
WNPOW U™ TO FLOO n.u:
FIRE STOPPING

/

THERMAX ™ INSULATION, MAX 2'
THICKNESS, MIN £* THICKNESS

LAYER %" THICK TYPE *X*
GYPoUN VALLBOARD -

{COVEREP WITH JOINT
COMPOUND

UGUIDARMOR=: GS. CM. CR LT ON
EOARD JDNTB AND PENETRATIONG
- MAX 5' WIPTH INCLLONG HEADER
FROTECTION

\\, /

7NN ¥—23" na

STEEL 5TUPS MIN. 18 GA
-1/2° CEPTH 24° 0C. w/ |
LATERAL BRACING TC 4'-0"
VERTICALLY

\. o
>

L~

COUNTER FLASHNG AT TOF o
——  BASE PLASHNG PUPONT™ SELF
JOHERED FAGHNG

NINIWAN 15 Ga 6TEP| OPEWNG.
PLASHING. MINIMUM 3° HISH
VERTICAL LEG ON INTEROR

@ oTESL DOX rEATER -
008 OTID >

CUPCNT GOLP AOMERED o,
PLAGHNG

P CAP S
PROTECTIVE PLASHNG
. ) i Gl i |
mtemannrs
S,
7\
NOTE: ]
- BOLPED, BOXED ITEMG ARE CRITICAL TEMG TO MAINTAIN COMPLANCE WITH NFPA 286
Figure 7. Use of Tyvek® C lalWrap® or C: p® D WRB behind Thermax™ insulation

AN
E' STEEL BOX HEACER- r—\
6h STLDS 4 \\
N\

'R ACN PANCL CXTERIOR
SYSTEMS W/ GAKT!K EXTRUSION

PANEL FURRING CLIFS FOR

ATTACHNENT TO STUP FRAMING

MINERAL FIBER. INFILL
N\ J\'\‘\ Hr/ BOX HEAPER

COUNTER FLAGHING AT TOP
CF BASE PLASHING

‘(/ //

ZX PMENSIONAL LWK
T0 ACHEV! MIN I}* WooD
THICKNESS AT HEADER OR
2 LAVERO OF MIN.

EXTERIOR SGRADE GYPBUM

\ :

2271 /" |ere

MINIMUM 1 GA. &
ENING PLASHING wumw : 3
TICAL ON

HGH
INTERIOR PAC! OF WALL MUST
BE MZC ALLYRAA‘I;I’MYEP

EXTERIOR VENEER (LAYER
V.

ALUMNUN DRI CAP )
PROTECTIVE FLASHING

NOTE:
- ALL MINERAL WOOL UNFACED. MN 4 PC®

BOLPED, BOXEP ITEMS ARE CRITICAL ITEVS TO MAINTAIN COMPLIANCE

WITH N'F'A 292
- MINERAL WOOL OFTIONAL IN WALL 6TUP CAVITY WHEN NO 6PRAY
FOAM INGTALLED, INCLUPING MINERAL WOO. BELOW THERMAX

Figure 4 - Required Opening Head Protection When BASF SPRAYTITE® 81206 or Walltite LWP Spray

Foam Is Used in the Cavity - OPTION 2

Source: DuPont Building Performance Solutions, Jensen Hughes
Engineering Analysis, February 4, 2022

Air &€ Water Sealing Screw Fastener
with Prong Washer
Air Space (1" Min. - 2" Max.)

Barrel Screw Masonry Anchor w/
Thermal Bresk Clip, Pintle Wire Tie, ¢
Air ¢ Water Sealing Washer

Termination Bar
Flashing
Mortar Droppings Collection Device

Weep Hole Insert @ Max. 24" O.C.

Dnp Edge

A Type X Gypsum Board

Owens Corning® EcoTouch®
FIBERGLAS™ Batt Insulstion

(FS 25 Faced or Unfaced)
(Optional)

Min. 34" | 8 Ga. Galvanized Steel

Studs @ 24" O.C. Max.

Owens Corning® FOAMULAR®
250 XPS (Max. 3")

-

==

Lrwm

1]
| I
|

Joints Taped with Joint SealR®
Foam Flashing Tape

Galvanized Steel Stud Track

2x Wood Blocking (Must be FRTW

n Types | and Il Construction)

N Owens Corning® FlashSeslR®

Foam Flashing Tape

Steel Lintel

Source: Owens Corning, Enclosure Solutions
NFPA 285 Guide, May 2019

-
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Example Details from AWCI/SFIA

Various CAD
details for ci
on steel
frame wall
assemblies

SEALANT
SILL PAN

SEALANT

AIR/WATER
LINE OF FIN

TRACK

FLEXIBLE FLASHING

CONTINUOUS INSULATION

GYPSUM SHEATHING

CAVITY INSULATION
STEEL STUD

WINDOW FRAME

BARRIER
ISH

AWCITECHNOLOGY CENTER

5 » CAD Detal Library Q

CAP PETAIL LIBRARY

This CAD library is based on the total system concept and broken down into three categories. Each
ry is elther in a structural or non-structural cold-formed steel framed application. There are
two structural aplication categories. One is an interior structural application and the other an
exterior structural application. These details are based on recognized industry standards, and have
as thelr source, tions such as the Gypsum Association, The Steel Framing Industry
Assoclation, and specific ASTM Standards. The detalls can be downloaded in efther a pdf or a dwg
format. The details must not be used without a complete evaluation by the owner’s design
professional to verify the validity of the design

CLICK BELOW TO VIEW EACH CAP PETAIL LIBRARY

« Exterior Structural CAD Detail Library

ANC| TECHIOLOGY
CENTER

« Interior Structural CAD Detail Lik
« Nonstructural CAD Detail Library

« Curtain Wall CAD Detail Library

© About AWCI Technology Center

WINDOW FLASHING

SILL PAN
LINE OF FINISH

GYPSUM SHEATHING

AIR'WATER BARRIER

SEALANT

GENERAL NOTES:

Install tnish matedal In accordance with published standards for the speciic materlal Fastening system cf the finish must be through the contnuous Insulsgon and

cokformad steel framing.

ntalikion of contuscs Issulafion shall oot roqulremants of the Foam Shesthing Cersetion's Decumant TER 1205-05 fstest varsbon) Construction Detal
oam Shaathing (FPIS) In LightFrame Conatruction

Instal continuous insudstion w s col-fomed

- Virap window rugh opaning with approssate foxtin doshieg mborl
oG i pan wit Pt dranage 1o e

Chack with Undernntiers Laboratories for ;pedk alttwater bartler systems.

14 ...q for NG Products for specific depth, thickness, and spacing of stractural shuds,

rotect comor of ks it aggropriato comer

orsuh Mn, structural engineee for SuCiural stos

heck focal codes and mechanical engineer for vaporr rotarder vm and Jocation.
frimlilicay St Rasting retum unto each adiacent surfacs

5. Size, lype, a0 spacing of fastaners & rquired by foam insulation manvtar

_w-wm.u
o o
g
HTl

DISCLAIMER: This detal must not be used withost 3 complete

the owner's design o vertly ¥ desion.

7awel |

NOT TO SCALE

1111612013 I ANY FINISH WINDOW SILL |

GENERAL NOTES:

CAVITY INSULATION £ :
GYPSUM SHEATHING 3 9

TRACK 2 \
[ N
BOXED HEADER o STEEL STUD
AIRWATER BARRIER § 1
CONTINUOUS INSULATION : \ 3 \ GYPSUM PANEL

LINE OF FINISH

FLEXIBLE FLASHING

FLASHING
SEALANT
WINDOW FRAME

http://www.awcitechnologycenter.org/content/cad-detail-library

standarts e s spachic matetal, Fasnrin) syviom of the Iish must bs

of e Fo TER 1206.05 (latast

Sk, e, and o 5 25 roqubed

om o mnufachrer,

& Fllkow SFIA Tochnlcal Gulds for Colassrmad

3 s Litarhts Laberaes o st sk bt e

Sopth rchnesa, and pachg of svucaua shads and beed hesde.

S Framing Procauets i scoctl.

10 Consat win

.G

cont utace.

oIsCLANER:

AIR/WATER BARRIER
FLEXIBLE FLASHING

GYPSUM SHEATHING
LINE OF FINISH
STEEL STUD

FLASHING
FLEXIBLE FLASHING

el |

11/16/2013 NOT TO SCALE

ANY FINISH WINDOW HEAD



http://www.awcitechnologycenter.org/content/cad-detail-library

Installed Performance Testing

= ~150 tests on ~30 wall assembly specimens by independent sources
= Four integrally-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 wide

= 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

= [PI|S detailed to serve as WRB system and flashed per WRB

manufacturers’ specifications ’~
ABTG



Installed Performance Testing

» Test method generally followed FGIA/AAMA | ‘ i
TIR-504-2020: S | <
1. Initial air leakage resistance per ASTM E283 _, Ay

Initial water resistance per ASTM E331 " .

Thermal cycling per ASTM E2264 Method A (level 1)

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

Design pressure (DP) load test per ASTM E330

Repeat water penetration test (step 2) ‘:: el

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

N oo R W




Installed Performance Testing

=  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 FGIA/AAMA TIR-504-2020 to address specific questions regarding
structural support and anchorage.

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



Installed Performance Testing

= \Water Penetration Resistance Tests

« Tested per ASTM E331 using a 5.4psf 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 WRB
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” lap down from surface of pan flashing




Installed Performance Testing

= 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 installations 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

= 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 non-compliant (weakening) installation variances




Installed Performance Testing

= Sustained Dead Load & Creep Resistance

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

« Monitoring periods of 1 month to 6 months

« Up to 2" thick foam (15 psi minimum)

 Fenestration weights from 27 |bs to 384 Ibs

 Included same installation weakening variances
mentioned previously

« RESULTS: Recorded movement of 0.000” to -0.032”
(~1/32nd inch). Periods of upward movement also
observed. No relationship to installation conditions
discerned. All movement considered negligible or
typical due to environmental changes (not creep).




Installed Performance Testing

= 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

« RESULTS: Ultimate shear capacity changed 4,000

Backbone Load-Deflection Curve

ittle (~3,300 to 3,600 Ibs); stiffness was T ] P
affected very predictably; foam sheathing %2'000 /
added ductility while providing adequate ] //
stiffness for support of fenestration weight. g
— Consistent with fastener shear testing and = " o0 0 500 000 00 2 060

design methodology developed for cladding
and furring attachments through FPIS

Bottom Wlndow Deflectlons (|n)
Foam (Ave)

No Foam (Ave) Foam (Ave)



Installed Performance Testing

» 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) — see Table below.

- RESULTS: Even with significant installation non-compliances (e.g., no shims and larger r.o.
gap) and up to 2" of FPIS ci, a moderate-size fenestration unit can have more than 3 times the
wind pressure rating of the largest (“gateway”) size used for fenestration rating and labeling

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

42x66 37.5 psf 25 psf 1.5 n/a Wood substrate + shims + %" r.o. gap 'fr;reglelrcyazzzgeetw'e

(gateway) manufacture?
instruction

30x42 151 psf 25 psf 6.0 Wood or up to 2” foam (15 psi) S

*Fasteners installed

80 psf

30x42 118 psf 25 psf 4.7 substrate, no shims, and 3/8” r.o. gap "
IAN=11 &



WINDOW INSTALLATION INSTRUCTIONS FOR

Recommended Installation Instructions

Integral Nail-Flange Windows on Walls with Maximum
1%2"-Thick Foam Plastic Insulating Sheathing (FPIS)

IMPORTANT! READ ALL INSTRUCTIONS BEFORE BEGINNING INSTALLATION

=  For FPIS of minimum 15 psi compression resistance and R SRR
maximum 1.5" thickness: me

« Use fenestration manufacturer 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 manufacturers offer specialty support brackets
 Otherwise, same as above for remaining installation details
= |f window manufacturer instructions address the specific
application with FPIS, use those instructions.

=  NOTE: If NFPA 285 applies (Type I-1V construction), the window-
wall interface must comply with the FPIS manufacturer’s tested R
assembly and engineering analysis, regardless of FPIS thickness. —

« Refer to the manufacturer data and standard details

STEP 2: BEFORE YOU INSTALL THE WINDOW

rarily secure with flange nail

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

JAN=J €
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Cladding Installation & Performance on Walls with ci

= Performance Research & Testing
= Prescriptive Solutions

= Design Procedure



Performance Research & Testing

= Basis for prescriptive requirements in:

« Section 2603, International Building Code
(IBC) — 2012 through 2024 editions
— Moved into Chapter 14 in 2024 |IBC

« Section R703, International Residential Code
(IRC) — 2012 through 2024 editions
= Basis for engineering design procedure
supporting the above code provisions

-

ABTG

Research Report

Attachment of Exterior Wall Coverings Through
Foam Plastic Insulating Sheathing (FPIS)
to Wood or Steel Wall Framing

ABTG Research Report No, 1503-02

Conducted for the Membership of the Foam Sheathing Committee (FSC)

Report Written by:
Applied Building Technology Group, LLC

Report Date:

Final Report: March 27, 2015
Updated: May 20, 2019




Performance Research & Testing

= Based on test program conducted for NYSERDA,
FSC, AISI/SFA, and DOE projects, each by

independent sources/labs.

= Evaluated both short term load resistance and
stiffness of connections through FPIS (15 psi
min.) up to 4-inches thick as well as long term
creep behavior and stabilization (1 month to 1
year duration).

= Limit short-term deflection to 0.015" maximum

and stabilized creep

Long-term (sustained)
load-deflection test



Prescriptive Solutions

= Prescriptive “Quick Guide”

= Available at:
https://www.continuousinsulation.org/
cladding-connections

= Applications to CFS steel framing:
1. Direct Cladding Attachment through FPIS ci
2. Furring Attachment through FPIS ci
3. Cladding Attachment through FPIS ci to a Wood
Structural Panel Substrate
= Not required for separately supported cladding
e.g., anchored masonry veneer); use thermally
efficient brick ties

QUIC

Foam Plastic Applications
for Better Building

CLADDING CONNECTIONS to Steel Frame Walls
with Foam Plastic Insulating Sheathing (FPIS)

GUIDE Continuous Insulation (ci)

STEP 1: COMPLY WITH ENERGY CODE CONTINUOUS INSULATION REQUIREMENTS

Continuous insulation (ci) is typically required for cold-formed steel frame walls to comply with modern energy codes (see steel

frame wall calculator) and to prevent thermal bridging caused by steel framing as shown in Figure 1. In addition t
requirements, cladding connections through ci must comply with the energy code’s definition of ci (see below]

code’s requirements for cladding attachment (see Step 2).

Steel wall stud
{thermal bridge)

Heat flow
through stud

Cavity insulation
only

Steel wall stud
{with ci thermal break)

Heat flow
through stud

Cavity insulation

continuous insulation
(FPIS ci)

Thermal bridging in steel framed wall with cavity insulation and
foam plastic insulating sheathing (FPIS) continuous insulation (ci).

Figure 1. lllustration of FPIS ci used to minimize thermal bridging
through steel framing,

meeting ci R-value
) and the building

Continuous insulation (cl) is defined In the International Energy
Conservation Code (IECC) and ASHRAE 9011 Standard as “Insulation
thatis and across all

without thermal bridges other than fasteners and service openings.®

A key part of the code’s definition for ci requires that only fasteners
(e.g., nails or screws) penetrate the ci to minimize thermal bridging
This is particularly important for detailing cladding installations, like
in Figure 2, such that the prescriptive R-values for ci
can be used as a simple means of energy code compliance. Clad-
ding and furring attachments that result in more than jus! teners
penetrating the ci, such as metal z-girts or furring support brackets,
cannot use the prescriptive ci R-values for compliance. Instead, the
total wall assembly’s U-factor must be determined by calculation
or testing and it must include the impact of thermal bridging of the
cladding support system. Therefore, use of only fasteners to attach
cladding or furring through FPIS ci is necessary to easily comply
with the energy code. Adhesive attachment methods also comply.

insulating
Sheathing

Cladditg
{Brick Veneer
Shown)

Figure 2. Three examples of cladding and FPIS
ciinstallation on steel frame wall assemblies to
mitigate thermal bridging and comply with the
ci defintion.

Another key part of the ci definition
requires that the insulation be uncom-
pressed. Because FPIS ciis a rigid foam
plastic with relatiy high compressive
strength, it is possible to fasten cladding
and furring to steel framing or other wall
substrates without compressing the
insulation. This avoids reduced thermal
performance due to insulation compres-
sion at points of connection, improves constructability, and makes it

Iy
ely

possible to fully comply with the ci definition.
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Prescriptive Solutions

= General Requirements
e FPIS minimum 15 psi compressive strength; compliant with ASTM C578 or C1289
« Solutions address fastener shear capacity and stiffness to support cladding weight

 Must also check cladding attachment requirements for wind load, etc.
(the more stringent fastening schedule will control)

« Fastener length must be long enough to accommodate FPIS thickness and
maintain required fastener embedment in wood/steel

« Fastener tightened to draw connected materials together but not distort
 Fastening schedule will depend on FPIS thickness and cladding weight supported

« Only connections to wood framing or cold-formed steel framing are addressed:;
connections to masonry/concrete must be approved by alternate means
(often proprietary fasteners are used)



Prescriptive Solutions
(CFS wall framing)

(b1) (b2)
(a) \
(d) N i

()\) /(’)

KEY:
(a) Cladding

(b1) Fastener (FPIS to Stud)
per FPIS manufacturer

(b2) Fastener (Cladding to Stud) per Table
(b3) Fastener (Foam to Stud)

(b4) Fastener (Furring to Stud) per Table
(b5) Fastener (Cladding to Furring)
(b6) Fastener (Foam to Stud)

(b7) Fastener (Hat Channel to Stud — fasten
alternate or both flanges) per Table

(b8) Fastener (Cladding to Hat Channel)
(c1) Wood Furring
(c2) Hat Channel Furring

 Direct cladding attachment
 Wood or steel furring attachment "N —

= Requirements vary by cladding weight:

(g) Wall Finish
Typical cladding materials included in the weight I —————
C|aSSGS "Sted in Tables 1’ 2’ and 3 are as fo"ows BCIaddlng AttachmemThmughVenical Furring (WoodShown) Parallel toCFSStuds(see Table 2)
(verify with cladding manufacturer data):'

= Applications 1 and 2: T 1

u Plan View - Direct Cladding Attachment Through FPIS (see Table 1)

(b4) (bS)  , (b3)

@ (08) (b8) - (b7)

Cross section of
Hat Channel

- 3 psf — e.g., wood lap and panel siding, vinyl
siding, and most fiber-cement sidings

« 11 psf — e.g., 3-coat Portland cement stucco

- 18 psf — e.g., medium weight adhered stone veneer

- 25 psf - e.g., heavy weight adhered stone veneer

] }
LA \ﬂm .......................
| | | | ¥ W | | |

NOTE: Where furring is used, it
may be oriented horizontally or
vertically as noted in Table 2.

; JUI}L S e
- Cladding Attachment Through Horizontal Furring (CFS Hat Channel Shown) Perpendicular to CFS Studs (see Table 2)

-
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Prescriptive Solutions

Table 1. Siding Minimum Fastening Requirements to Cold-formed Steel Framing for Direct Cladding Attachment Over FPIS to Support Cladding System Weight #**

e Siding Siding MAXIMUM THICKNESS OF FPIS (IN.)
FASTENER F:sten;r '3’5::'"9"’ 16" o.c. Fastener Horizontal Spacing 24" o.c. Fastener Horizontal Spacing
ype ertica
THROUGH I : CLADDING SYSTEM WEIGHT CLADDING SYSTEM WEIGHT
Minimum Spacing
FPIS INTO: ) :
Size (in.)
#8 screw
(0.285"
Lol 8 3.00 255 160 0.60 3.00 180 DR DR
33 mil
steel or
thicker 12 3.00 1.80 DR DR 3.00 0.65 DR DR
Steel
(:.?:;:?n e 6 4.00 3.50 270 195 4.00 2.90 170 0.55
netration (0.333"
pe head) 8 4.00 310 2.05 1.00 4.00 225 070 DR
of steel -
. into 33
thickness il steel
+3 e 12 400 2.25 070 DR 370 1.05 DR DR
threads)
#10 screw 6 4.00 4.00 4.00 3.60 4.00 4.00 3.45 270
(0.333"
sl 8 4.00 4.00 370 3.00 4.00 3.85 2.80 1.80
43 mil
steel or
thicker 4.00 3.05 1.50 DR

For SI: 1" = 25.4 mm; 1 pound per square foot [psf] = 0.0479 kPa

and 50 ksi steel for 54 mil steel or thicker.
2. Screws shall comply with the requirements of ASTM C1513.

1. Tabulated values are based on minimum 33 ksi steel for 33 mil and 43 mil steel

3. FPIS shall have a minimum compressive strength of 15 psi in
accordance with ASTM C578 or ASTM C1289.
4. DR = Design Required

Application 1 -
Direct Cladding
Attachment

Foam sheathing
thickness limit

based on:
« Framing
thickness

« Screw size
« Screw spacing
« (Cladding weight

-




Prescriptive Solutions

Table 2. Furring Minimum Fastening Requirements to Cold-formed Steel Framing for Application Over FPIS to Support Cladding System Weight 2345

Minimum MAXIMUM THICKNESS OF FPIS (IN.)
Fastener Penetration FEELE . -
FURRING | Framing ) Spacing 16" o.c. Furring 24" o.c. Furring
MATERIAL [Member (L YPE&N intoWall - o 0 @ rin : :
Min, Size  Framing ot 9  CLADDING SYSTEM WEIGHT CLADDING SYSTEM WEIGHT - A pp lication 2 —
(in.) :
Wood or steel
48 screw | Steel 12 300 | 180 | DR DR 300 | 065 | DR DR furr -
33mil | (0.285" | thickness 16 300 | 100 | oR | bR | 285 | bR | DR | DR urring attachment
Cold- head) | 24 285 | DR DR DR 220 | DR DR DR
formed
P steel sf:eow Steel 12 400 | 225 | 070 | DR 370 | 105 DR DR
33mil Stud (0.333" thickness 16 385 | 145 DR DR 3.40 DR DR DR
Steel Hat head) |I 24 340 | DR DR DR 270 DR DR DR
Channel or
Minimum | #sscrew | steel 12 300 | 180 | DR DR 300 | 065 | DR DR
1x3 Wood 41{""(' or| (0.285" | thickness 16 300 | 100 | DR DR 2.85 DR DR DR
Furring thicker
Colg. | Nead) | t3threads {5 285 | DR | DR | DR 220 | DR DR DR
formed #10 12 400 | 385 | 280 | 180 400 | 305 | 150 DR
Steel Screw Steel
stud | (o.a3ar | thickness 16 400 | 330 | 195 | 060 § 400 | 225 | DR DR
head) | 'S 'Wreads 24 400 | 225 | DR DR 400 | 065 | DR DR

For SI: 1" = 25.4 mm; 1 pound per square foot [psf] = 0.0479 kPa

1. Table values are based on:
a. Wood furring of Spruce-Pine-Fir or any softwood species with a specific gravity
of 0.42 or greater per NDS.
b. Minimum 33 mil steel hat channel furring of 33 ksi steel. Steel hat channel shall
have a minimum 7/8” (22.2 mm) depth, 14" (32 mm) web width, and 2" (12.7
mm) wide flanges with web or flanges bearing on FPIS surface.
c. Cold-formed steel framing of indicated nominal steel thickness and minimum 33
ksi steel for 33 mil and 43 mil steel and 50 ksi steel for 54 mil steel or thicker.
2. Screws shall comply with the requirements of ASTM C1513.

a. In a vertical orientation, furring shall be located over wall studs and attached
with the required fastener spacing.

b. In a horizontal orientation, furring shall fastened at each stud with a number of
fasteners equivalent to that required by the fastener spacing. If the required
fastener spacing is 12” o.c. and the studs are 24” o.c., then two (2) fasteners
would be required at each stud (24/12=2). In no case shall fasteners be spaced
more than 24" (0.6 m) apart.

4. FPIS shall have a minimum compressive strength of 15 psi, in accordance with

ASTM C578 or ASTM C1289.

5. DR = Design Required

3. Furring shall be spaced a maximum of 24” o.c. in a vertical or horizontal orientation.




Prescriptive Solutions

KEY:
O s ey > (@) Clading = Application 3 — Attachment to

(b1) Fastener (WSP to Stud) per code

Nl | : (b2) Fastener (FPIS to Stud or WSP) wood structural panel
(c) N ‘ f t i per FPIS manufacturer .
{r il . (63) Fastener (Ciadding to WSP — nail sheathing (not to studs)
; ‘p |

‘ or screw) per Table 3

7" i  Limited to light-weight

. cladding (3psf or less)

(f) Cavity Insulation

(g) Wall Finish  Limited to max. 2" thick FPIS
Figure 4. lllustration of light-weight cladding (<3 psf) attachment through maximum (m | I’] . 1 5 p S |)

2"-thick FPIS to minimum 7/16"-thick wood structural panel (WSP) sheathing. . . .
 Limited to max -30 psf wind
load (per scope of IRC)

(e)\ 0

Table 3. Light-weight Cladding (<3 psf) Minimum Fastening Requirements for Attachment Through
Maximum 2"-thick FPIS to Minimum 7/16"-thick Wood Structural Panel ***

HORIZONTAL SPACING

DM ay it e e T OF FASTENERS ALONG SIDING

Roof sheathing ring shank nail 12" oc
(0120" min. shank; 0.281" head)
Post frame ring shank nail 15" oc
(0148" min. shank; 5/16" head)
No. 6 screw 12" oc
(0.138" min. shank; 0.262" head)
No. 8 screw 16" oc
(0.164" min. shank; 0.312" head)

For SI: 1" = 25.4 mm

1. Horizontal spacing of fasteners along siding is based on a siding width (distance between horizontal rows of fasteners)
of 12 inches. For other siding widths, multiply required horizontal spacing by 12/w where w is the siding width in inches.

2. This table is based on IRC Table R703.3.3. Use of this table is limited to the wind load scope limits for cladding attachments
in accordance with Section R703.3.2 of the IRC (i.e., maximum 30 psf negative design wind pressure).
3. The cladding fastener must be of sufficient length to penetrate a minimum of %" beyond the back side of the wood




Design Procedure (CFS wall framing)

= Design of Connections through FPIS to Cold-formed Steel

Tension allowable design values: Follows same procedure in AISI S100 for screw
withdrawal capacity (just use longer screws)

Shear allowable design values: Follows the same procedure in AlISI S100, Section J4.3.1,
but modifies Eq. J4.3.1.-1 by a gap reduction factor, Gr, as follows:

— For #10 screw in b4mil and 50 ksi steel: Gr=0.17-0.0048r
— For #10 screw in 43mil and 33 ksi steel: Gr=0.19-0.0066r
— For #8 or #10 screw in 33mil and 33 ksi steel: Gr=0.16 —0.0064 r
« Where,
« r=d sep/d

« d_sep = thickness of FPIS separating connected steel parts

« d = nominal screw diameter (0.164" for #8, 0.190" for #10)
» Value of r shall not exceed 21.

« For 0<r<2, Gr need not be less than (1 —r/2)
Material against screw head shall be minimum 33mil and 33ksi steel or minimum

3/8” thick wood or wood-based material with specific gravity of 0.42 or greater. ’\
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Design Procedure

= Example Applications:
« C(Cladding and furring connections using alternative fasteners

« Load bearing structural component connections through FPIS (e.g., deck and
roof ledgers attached to wall surface)

« Architectural component connections through FPIS (e.g., awning frames,
shading devices, etc.)

« Structural sheathing connections through FPIS (placed under sheathing rather
than over sheathing)

« Window and door frame anchorages where passing through a rough opening
gap or through a layer of foam sheathing (e.g., conditions not addressed in
fenestration manufacturer instructions)



DeSign Proced u re FIBER CEMENT SIDING

1x4 FURRING STRIP ATTACHED
TO WALL FRAMING
SEE 4/A-509 FOR FLASHING DETAIL

2x12 LEDGER BOARD ATTACHED THROUGH
INSULATING SHEATHING TO FRAMING

= Example Application:

(2) LAYERS OF FO|L-FACED

POLYISOCYANURATE RIGID

INSULATION, JOINTS STAGGERED;

JOINTS ON OUTER LAYER TAPED
—

¥ PLYWOOD COVERED
WITH CONTINUOUS FULLY

ADHERED AIR BARRIER

STAINLESS STEEL DRIP MEMBRANE
EDGE (OVERLAPPED BY

R(OOF MEMBRANE) x6 LEDGER BOARD ATTACHED

SHEATHING TO FRAMING

3" CROWN MOULDING

% X 8 TRIM BOARD / 1 N— 2x6 LEDGER
_/ BOARD BEADBOARD ——
BEADBOARD /
1" x 8-3/4" TRIM BOARD —/
_—

1" x 8-3/4" TRIM BOARD _
34" TRIM BOARD ———

LOADBEARING COLUMN —

FIBER CEMENT SIDING

1X4 FURRING STRIP ATTACHED
TO WALL FRAMING

NN N O O NN O NN A O OO O

FRONT PORCH ROOF DETAIL

6 SCALE: 3/4" = 1-0" ’ \
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ANSI| Standard for Continuous Insulation Applications

=  Scope ’ i W sorre
608-310-6710
. Above-grade frame walls

. Labeling & Quality Assurance ﬁ\p@l@
. Wind resistance TacHrgy GrOUBOLLE
«  WRB (water resistance)

. Vapor Control

«  Window installation

. Cladding installation

= Addresses

ANSI/ABTG FS200.1 - 2022

Standard for Use of Foam Plastic Insulating
Sheathing (FPIS) in Building Envelopes:

«  Performance criteria (design) Above-grade Walls
. Evaluation/testing criteria by application
«  Prescriptive criteria (“cook-book” design and installation) p

= Exclusions . iy

. Refer to locally applicable code for fire safety requirements
(e.g., IBC Chapter 14 and 26; IRC Section R316)

. Use FPIS manufacturer data to demonstrate compliance (ASTM
E84, ASTM E119, NFPA 285, etc. — as applicable)

https://www.appliedbuildingtech.com/standards

-
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Conclusions

= Building science fundamentals are important, are now addressed in newer model building
codes, and are facilitated by various resources and on-line tools.

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

= Fenestration installation practices have been evaluated & confirmed for use with FPIS ci (with
appropriate limitations) and enabled in U.S. model codes.

« Provides means to minimize thermal bridging around fenestration openings.

 Fenestration interface with wall and ci must comply with NFPA 285 test data and
engineering analysis for Type | — IV buildings.

= Cladding connection design and fastening requirements have been extensively researched,
design methods developed, and prescriptive solutions enabled in U.S. model codes.

= New ANSI/ABTG FS200.1 standard available to provide comprehensive design and installation
guidance in code-enforceable language for FPIS above-grade wall applications.

= For more information on FPIS ci applications, guidance, and design tools for code compliance

refer to www.continuousinsulation.org. Il
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Thank you!

Questions?

Jay Crandell
jcrandell@aresconsulting.biz



mailto:jcrandell@aresconsulting.biz

DECEMBER WEBINAR

LIVE WEBINAR

Join us Wednesday,
December 13th at 11 a.m. ET

Register in the
Steel Framing Learning Portal

SFIA °

SFIA 122 Speaker: Patrick Ford, SFIA Technical Director

CFS framing — Construction, code and
collapse considerations




SUPPLEMENTAL SLIDES — Wind Driven Rain Hazard

= (Characterization

= |mplications

= Research
e Southeastern US
« Entire US pending



Characterizing the Wind-driven
Rain Hazard

=  Wind-driven rain (WDR) hazard varies significantly across
U.S. and is crucial in specifying building enclosures,
components, and installation practices.

»  Wind-driven rain hazard must consider annual extreme
wind speed at a given coincidental rainfall rate threshold
sufficient to generate a leak

=  Wind-driven rain resistance test criteria (e.g., ASTM E331)
must then be correlated to observed performance in real
wind flow and rain conditions

» Understanding the wind-driven rain hazard as it varies
across the U.S. is critical to risk-consistent design of
building envelopes and specification of component
performance criteria.

=  Current U.S. codes and standards do not address variation
in WDR hazard in a risk-consistent fashion.



Wind-driven Rain Implications Vary

. The implications (risk and consequences) vary by wind-driven rain climate (hazard) and vulnerability (site
exposure and even a specific component’s exposure).

. Ultimately, the selected hazard level and performance criteria for design and product evaluation must align
with past successful practice, reasonably discriminate against unacceptable practice, and consider
consequences of different types or causes of leaks.

Extreme Wind-Driven Rain Hazard (Tropical) — Hurricane
Andrew, 1992 (~600 yr MRI wind event); Contents water
damage in South Florida due to breach of building envelope

South Florida vs. Western Virginia

315 238
~— 158
P —
3!5/ ———————n 158

W SEVERE = 31.5 infyr or greater
B MODERATE = 15.8 10 31.5 infyr
COLOW = <15.8 infyr

WIND DRIVEN RAIN (in/yr)

(non-tropical, t-storms, etc.); 35-year old
one-story building; only minor water
staining below window with no WRB,
flashing, or bedding sealant
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Wind-driven Rain Research

“Development of an Extreme Wind-Driven Rain Climatology
for the Southeastern United States
Using 1-Min Rainfall and Peak Wind Speed Data”

= Art DeGaetano & Brian Belcher, NOAA Northeast Regional Climate Center, Cornell University
= Forrest Masters, PhD, PE, University of Florida

= Jay Crandell, PE, ARES Consulting

=  Murray Morrison, PhD, Institute for Business and Home Safety

= Published at: https://journals.ametsoc.org/view/journals/apme/62/7/JAMC-D-22-0156.1.xm|

——— S
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https://journals.ametsoc.org/view/journals/apme/62/7/JAMC-D-22-0156.1.xml

Wind-driven Rain Research

= ASOS weather stations:
« max wind gust for every 1-minute
 1-minute rainfall accumulation
 Horizontal surface receipt

« Up to 20 years of record
« =10 MILLION observations/station

Study focused on southeast region of
US due to funding from Florida DCA
based on research recommendation of
its Hurricane Research Advisory Council




MRI Results for Select Southeast Region Stations

g Cape Hatteras
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MRI Results for Small Sample Outside Southeast
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. Depending on MRI annual extreme gust wind &
speed and coincidental rainfall rate threshold gE
selected as basis for design, the positive £
pressure differential for water penetration 0%
resistance (at leak initiation) can range from
about 20 psf (40 m/s or 90 mph wind speed) 40
to 1.33 psf (10 m/s or 22 mph) >
= Calibration is needed to align with past 5 il -
successful practice <
Current ASTM E331 test pressure criteria have typically 20
ranged from 3 psf (minimum default) to 12 psf (e.g., 15
hurricane regions). 10
The high thunderstorm hazard region (also high 5
tornado hazard region) tends to have greater WDR
hazard than hurricane prone region (diagonal from
southern AL to OK).

Note also regions of much lower WDR hazard (e.g., _ _
southwest VA and west TX). 1 m/s =2.24 mph (e.g., 40 m/s = 88 mph)

For on-set of water penetration (Ieak initiation) as the  a) 10 yr MRI gust wind speed at 0.254 mm/min rainfall intensity threshold (based

fa”ure|m0tde forASI'\/'_Efl teztm'g{ha lto _5d‘WtW|'R' on receipt on horizontal surface, not converted vertical building surface)
annual extreme gust wind speed with coincidenta . - .

rainfall rate threshold of 0.25mm/min (0.6 in/hr) may b) 10 yr MRI'V W!th Rl =2.54 mm/mlr?

better align with past successful practice. C) 50 yr MRI'V with Rl =0.254 mm/mm

. More work needed to analyze entire U.S. d) 50 yr MRI'V with Rl =2.54 mm/min ’\
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