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

ABTG is a professional engineering firm that is an approved source and independent as
defined in the International Building Code (IBC).
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design, suitability and use of this information for any particular building is the responsibility of
the Owner or the Owner’s authorized agent.
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A. The Building Thermal Envelope (BTE)

What is the BTE?

= The BTE separates the indoor from
the outdoor environment.

= The BTE is an integrated system
which also supports the design and
function of other building systems.

— Waler Control
+ Thermal & Vaper Conitrol ¢

|
| Air Flow Control

IECC Definition:

| Thermal & Vapor Conlrol |

BUILDING THERMAL ENVELOPE. The basement 1 | —— o
walls, exterior walls, floors, ceilings, roofs and any other b : ke o
building element assemblies that enclose conditioned space el

or provide a boundary between conditioned space and e

exempt or unconditioned space. Source: www.continuousinsulation.org

Also known as “building enclosure”
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Why iIs the BTE important?

= Allows indoor environment
(conditioned space) to be controlled
for comfort, productivity, and health

= Major factor in sizing HVAC equipment

= Protects the structure, its occupants, T e AR
and its contents from the outdoor B
environment (wind, rain, U/V e
radiation, temperature and humidity
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Determines the life cy(_:le opera_ltlonal “without a good building envelope,
Cost, energy use (hea“_ng/COO“ng?’ ..HVAC system and design actions
and total carbon footprint/handprint become more difficult and costly, and

uncertain in their effectiveness [to
control the indoor environment].”

Source: ABTG RR No. 2006-01, p10,
https://www.continuousinsulation.org/
topical-library/healthy-buildings

for a building system.

ABTG
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Functions of the BTE

. In addition to fire safety, structural safety, sound control, and durability
the BTE must address the following control layers (functions):

e  Water control layers [cladding + continuous water-resistive barrier (WRB) +
flashing to control water intrusion]

e Air control layer [continuous air barrier (AB) to control air leakage]
« Thermal control layer [continuity of thermal insulation to control heat

loss/gain and surface temperatures]

«  Water vapor control layer [use of vapor retarders (VR) in coordination with
insulation strategy and climate]

. All functions must be satisfied at least to the minimum extent required

MOTE: Drainable BHIFS cladding

by the building and energy code.

. Some “layers” or materials can perform multiple functions depending on
design approach and material properties

FUN FACT (Lot’s of options):

5VR x5 AB x5 ci x5 cavity x 6 WRB x 5 str shtg x 9 cladding =
168,750 possibilities to configure a wall!

(and not all are equal, though many may be code compliant)

ql? Source: www.continuousinsulation.org A
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B. FPIS Materials

» Foam Plastic Insulating Sheathing (FPIS)
 “Rigid board,” “foam panel,” “foam sheathing,” etc.
« 10-100 psi compressive resistance; —R4-R7 per inch

« ASTM C578 — Standard specification for rigid, cellular
polystyrene thermal insulation (XPS — extruded polystyrene;
EPS — expanded polystyrene)

« ASTM C1289 — Standard specification for faced rigid cellular
polyisocyanurate thermal insulation board (Polyiso or PIR)

« ASTM C1126 — Standard specification for faced or unfaced 5 ' S
rigid cellular phenolic thermal insulation £ LRy H{r; o
= Main Code Sections for Foam Plastics: __H s Tl
« IBC Section 2603 Sl S
« IRC Section R303 (previously R316)

NOTE: Various insulation materials can be used, but this presentation
focuses on multifunctional, code-compliant use of FPIS.




ANSI FS200.1 Standard for FPIS Applications

» Scope \ e, 51
« Above-grade frame walls v
« Labeling & Quality Assurance AB;_G:
« Wind resistance AR
« WRB (water resistance)
 Vapor Control

« Window installation ANSI/ABTG FS200.1 - 2022

) Cladding installation Standard for Use of Foam Plastic Insulating

= Addresses Sheathing (FPIS) in Building Envelopes:
- o ) Above-grade Walls
 Prescriptive criteria (“cook-book” design and

installation)
 Performance criteria (design) @eg,@om"‘“"”*’“w%
 Evaluation/testing criteria by application

-3

= EXclusions
« Refer to locally applicable code for fire safety
requirements (e.g., IBC Chapter 14 and 26; IRC
Section R303/R316)

« Refer to FPIS manufacturer data and labeling to
demonstrate compliance (ASTM E84, ASTM E119,

https://www.appliedbuildingtech.com/standards

NFPA 285, etc. — as applicable) A | )
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C. BTE Insulation Applications

= Two building thermal envelope insulation
applications are defined in the IECC:
e CAVITY INSULATION. Insulating material located
between framing members.

e CONTINUOUS INSULATION (ci): Insulation that
iIs {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 is typically used as continuous
insulation, but can be cut to fit cavities.

Continuous




Without Ci With Ci

Cavity insulation only Cavity + Ci insulation
(or Ci only)

il
M

Source: Dryvit/Dow

Steel wall stud
(thermal bridge)

Steel wall stud
(with ci thermal break)

Heat flow

Heat flow through stud

through stud
Cavity insulation
+

continuous insulation
(FPIS ci)

Cavity insulation
only

Thermal bridging in steel framed wall with cavity insulation and

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

Source: www.continuousinsulation.org

What i1s the main
difference between
Cavity insulation and
Ci insulation?

= Location, location, location
= Continuity vs. Thermally bridged
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D. Multifunctional Capabilities of FPIS

= BTE Applications: walls, roofs, floors, and
foundations (residential and commercial)

= BTE Functional Capabilities

IECC - Continuous Insulation (ci)

IECC - Air barrier (AB)

IBC/IRC — Water vapor control/retarders (VR)
IBC/IRC — Water-resistive barrier (WRB) system
IBC/IRC — Foundation/footing frost protection

IBC/IRC — Wall bracing (proprietary structural
insulating sheathings)

= More multifunctional capabilities =
=» satisfy multiple code requirements
=> simpler assembly
=> optimized cost vs. performance

= For additional information refer to:

https://www.continuousinsulation.orqg/

applications-continuous-insulation

Source: www.continuousinsulation.org

A
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FPIS structural

composite sheathings

Multifunctional Sheathing
(Structural Sheathing + FPIS ci +
WRB + AB + vapor control)

5 in 1 product

Several code-approved products «

e Usually laminated to a
structural sheathing




E. General Requirements

= |ECC/IBC/IRC Product Labeling
= [Installation Requirements, Methods, & Tools
= |ECC Climate Zones & Compliance Paths




GUIDE

Foam Plestic Applcations
for Better Bullding

QU IGK R-value Compliance Determinations:

How to Appropriately Verify Building Wrap &
Airspace Performance Claims

Before specifying a praduct, approving a bullding plam for permid proweding = bullding enargy rating. or glvwng a "pass"”
on a field inspection. it is important 1o verify that matenals providing the foundation for energy code complisnce have 3
proper basis for any daimed or labeled R-value. Things may not actually be as they first eppeat. This Quick Guide pro-
vides some relevant background and important guestons that can assist in ensuring that R-value data for insulation and

other building products are valid.

BACKGROUND

This sectlon provides examples of conditions where claimed
R-values may warrant a carsfully censidered compliance de-
termination following & 2-step process outlined in the next
section. The examples involve elrspaces, bullding materials,
aor @ combination of these two components. These examples
are not exhaustive and are provided as a basis for using in-
formed judgment when considering the need for an R-value
compliance determination

The presence of an arspace enclosed within a building enve-
iope assembly is known to contribute ta the overall thermat
performance of the assembly. Howewer, the actual or design
R-value of an airspace can vary significantly depanding an
warious conditions of use, such as the airtightness of the &z
sembly of materials enclosing an airspace!

Alrspaces when sealed or enclosed generslly provide an R-
value of l2s= than 17 Values can be larger [e.g., R-2 to R-2.5)

if the sirspace is reflectve and installstion properly encloses
an umventilated sirspace in accordance with the testad® of
pre-caloulatad R-yalus * However, sometimas the claims put
forward for products that rely on airspaces exceed what Is
physically possible ar omit important instaliation conditions!
limitations pecessary lo achieve the caimed R-value [zes
Figure 1)

Furthermore, some building wraps may claim high R-walues
without explicitly requiring installation of an airspate even
though one or more sealed airspeces were included in fhe
product's testing. Thus, you may see R-value daims as high
as R-5to R-6 for materials like & thin "thermel” building wrap
Linder actual installation condidions, this type of product may
at best provide about R-2 with an epdosed, unvenied, and
reflactive airnace or as lithe as B-1 or less where such an
airspace is not present (see Figure 2|

In short. if an R-value claim seems too good to be true, it very well may be.
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https://www.continuousinsulation.org/resources/quick-guides

IECC on Product Labeling
(Testing, Labeling, Marking, Verification)

= [ECC C303.1/R303.1 Identification
 Insulation materials must be identified in a manner to
allow determination of compliance with the code.
« RECOMMENDATION: Verify label (insulation mark)
and product test data is certified by an approved agency
- NOTE: This is discretionary and not a clear code
requirement for R-value verification. Use where
R-value claims are clearly questionable.
= [JECC C303.1.1/R303.1.1 Building thermal
envelope insulation
« R-value mark on each piece or certification (including
installation details of sprayed or blown-in insulation
for R-value, thickness, etc.)
Exception: Above-deck roof insulation
per Table 1508.2 of IBC (material standards
which address product marking or use
of package label or certificate)

A
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IECC on Product Labeling
(Testing, Labeling, Marking, Verification)

= JECC C303.1.2/R303.1.2 Insulation mark installation

« The above information must be readily observable or certificate left on site immediately after
installation (with same exception as above)

= JECC C303.1.4 Insulation product rating

e R-value determined in accordance with FTC R-value Rule and its referenced test methods
(generally ASTM test standards)

 For insulated siding, code requires ASTM C1363 testing




IBC/IRC on Product Labeling for Foam Plastics

2024 I1BC Section 2603.2 / IRC Section R303.2

Labeling and identification. Packages and
containers of foam plastic insulation and foam
plastic insulation components delivered to the job
site shall bear the label of an approved agency
showing the manufacturer’s name, product listing,
product identification and information sufficient to
determine that the end use will comply with the
code requirements.

NOTE: This addresses performance for other
than R-value.

Examples of approved agencies & sources...

UL Evaluation Report

) CERTIFICATION [ ==

Technical Evaluatijpn Report™

TER 1309-03

Rmax® Thermasheath®, Rmax® TSX-8500, Rmax® TSX-8510,
Rmax® ECOMAXci® FR, and Rmax® ECOMAXci® FR WHITE

ESL-1126
Reissued April 2023
This listing is subject to renewal April 2024.

UL ER8811-01

www.icc-es.org | (800) 423-6587 | (562) 699-0543 A Subsidiary of the International Code Council®

Csl: DIVISION: 07 00 00—THERMAL AND MOISTURE PROTECTION




Example of PDF installation instructions

I n Sta I I at i O n R e q u i r e m e n tS Ins!aliaﬁnnnfPrm:lucwmrex[erjutmpsumsheamm fastened to metal stud framing for continuous insulatian,

Orientation for Metal Stud Framing » Product field: every 16 inches on center.

» Fasten Product through sheathing to metal stud framing with = Drive correct length fastener flush to Product surface.
printed side facing exterior. Da not countersink fasteners or washers.

Layout for Metal Stud Framing

Use maximum length Product to minimize joints.

= For footings with & masonry veneer brick ledge, place bottom

- edge of first course of Product V4 inch=" inch above footing to
| | < 3 O 3 2 /R 3 O 3 2 AI I l I l ate r I al S Syste I I IS dllow clearance for drainage. If metal framing is installed flush
- - 7 with footing, place bottorm edge of first course of Product » Stagger Product joints from those of underlying exterior
even with botiom of edge of gypsum sheathing board. gypsum sheathing.

and equipment shall be installed in sl Procuct wih oo acges parparcsir o amig. ~ Stagge eta ot s 48 inches apart o

Accessories such as masonry ties or other cladding previous course,
= ) attachments may dictate suitable orientation. See Note #2.

accordance with the manufacturer’s Al s i

. : - - = Self-drilling screws with minimum 134 inch diameter washer, * Locate Product so that starling and ending edges center on

I n Stal I atl O n I n St r u Ctl O n S an d th e 3 inch minimum metal framing penetration. Plasti-Grip* CBW framing flange or stud face. See figure A.

by Rodenhouse or equivalent. See Note #3. » Overlap Product at corners. See figure A.

International Building Code / International  |ste s v sud franing e

= Product perimeter: every 12 inches on center. One 134 inch or

= Cut or split Product to fit between masonry ties if applicable or

greater washer style fastener at joint can bridge two Product * Install masonry ties and or exterior claddings per cladding

R eS i d e n ti al C O d e hoards. See Note #3. manufacturer's instructions and design professional’s specification.
.

u C303.2.1/R303.2-1 Protection Of IMAGE 1; METAL FRAME, GYPSUM SHEATHING, AIR/MODISTURE BARRIER, ATLAS PRO POLYISO AND BRICK VENEER
exposed foundation insulation gy
* Applies to exterior insulation on foundations e gl
- Rigid, opaque, weather-resistant protective . ,-f" "
covering required for exposed insulation and it | 5 :
shall extend not less than 6 inches below grade
= (C303.2.2 Multiple layers of continuous

Insulation (not in IECC-R, but should be)

Mcisture//r fvapos bamier as requied
(Huict applied a5 showa. oe pee & stick, trowed applied ot building arap)

Masoney weneer & brick ties festened o metal framing

hfias ErergyShield Pe or Ene il CEF Pro
pelyisocganurate continuoes inseiation in wall & under dab

" Martar deflecaoe in 2 air space

3 Masry flzsting

« Where two or more layers of continuous
insulation are used, follow manufacturer’s
Instructions or if no instruction, edge joints must
be staggered (required for above-deck roof
insulation).

Source: https://www.atlasrwi.com/resources
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Basic Installation of FPIS

#1 - Follow manufacturer’s installation
Instructions
« Basics often printed on the product
 lllustrated PDF free downloads

Cut to size with power/hand saws, utility
knife, etc.

Drive specified nails, staples, or screws
flush and snug (w/ cap washers if reqg’d)

No substantial gaps

If using an FPIS WRB system, be sure to
use joint tape and flashing materials
specified in manufacturer’s instructions.

« NO SUBSITUTES UNLESS APPROVED BY
MANUFACTURER AS COMPATIBLE AND
CONSISTENT WITH PRODUCT APPROVAL
TEST DATA!

Interior
Spacing

Edge
Spacing




Installation Methods & Tools
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GX-IE GAS-ACTUATED INSULATION NAILER

Configurator Technical Data Doguments Features & Applications Related Products Services G RI p @

The Grip-Lok® Auto-Feed System is used to attach exterior gypsum sheathing,
building wrap, continuous insulation, and lath to wood or steel studs. Itis a
convenient tool for installing Thermal-Grip® ci prong washers or Plasti-Grip ® ci
prong washers for rapid attachment of insulation to steel or wood studs.

I Adjustable depth control prevents overdrive of washers

I Available with collated screws up to 3" in length

I Available corded or cordless TR U FAST

H I LT I GX_ I E I Patented and/or patent pending (WOOd/Stee I)

(concrete)

T




IECC — Climate Zones

‘Marine (CLL Dry (B) Moist (A)

Y
A

-

P 1A

DOE Climate Zone Map (same as IECC Figure C301.1 & R301.1)

Y

REDLINE VERSION
from

24 |ECC

INTERNATIONAL ENERGY
4 CONSERVATION CODE®

R
ARR
e inme

| coBE counci:

Source: https://codes.iccsafe.org/content/IECC2024P1
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IECC — Compliance Paths

C401/R401 International Energy
Conservation Code
1. Prescriptive Compliance €
For BTE, the three choices:
* Prescriptive minimum R-values
* Prescriptive maximum assembly U-factor
* Prescriptive component performance trade-offs
OR

2. Total Building Performance (Section C407/R405)
or ERI1 (R406)

OR

= (C401.2.2 ASHRAE 90.1-2022
(commercial & residential > 3 stories)

 Also has prescriptive and performance paths for
compliance

IECC Prescriptive?

IECC Performance?

ASHRAE 90.17




1l. Roofs & Floors (Horizontal Assemblies)

A. Roofs - Thermal compliance & FPIS Applications
B. Floors — Thermal Compliance & FPIS Applications




Marine {C) | Dry (B) ‘ Moist (A)

A. Roofs — Thermal Compliance & Applications

2024 1ECC Commercial Provisions —
Tables C402.1.2 & C402.1.3

Climate Buildine Use Insulation Entirely [ Attic & DOE Climate ™%  ,_5; .
Zone & Above Roof Deck | other Zogse %Z'Z(Isé‘ég‘; ’\ A
R-20ci iy T s
All oth ot L
0,1 other (U-0.048)
Group R
Al other R-38 2024 1ECC Residential Provisions — Tables R402.1.2 & 402.1.3
2 R-25ci (U-0.027) ; ;
Group R (U-0.039) Climate il Insulation Entirely Floor
3 All other ' Zone g Above Roof Deck
Group R R-30
4 Except All other 0,1 (U-0.035) R-25ci R-13 or 7+5ci or 10ci
Marine Group R 5 R-38 (U-0.039) (U-0.064)
5 and All other R-30ci ( R-49 ) 3 (U-0.030)
: (U-0.032) U-0.021 R-19 or 13+5ci or 15ci
Marine 4 Group R 4 except _ (U-0.047)
6 All other Marine R-30ci '
Group R 5 and (U-0.032)
. All other Marine 4 R-49 R-30 or 19+7.5ci or 20ci
Group R R-35Ci R.E0 ] (U-0.026) (U-0.033)
All other (U-0.028) (U-0.017) . . -
8 2 and 8 R-35ci 5438 or 19+10ci or 25ci
Group R an (U-0.028) (U-0.028)




Specific BTE Insulation Requirements

IECC-C = JECC-R

C402.1.2 Assembly U-factor, C-factor or R402.2 Specific insulation requirements

F-factor-based method « R402.2.1 Ceilings with attics*>

« C402.1.2.1.1 Tapered above-deck « R402.2.2 Ceilings without attics *
insulation based on thickness e  R402.2.8 Floors**

« (€402.1.2.1.2 Suspended ceilings

C402.1.3 Insulation component R-value .

method * exceptions for framing depth can be

e (C402.1.3.1 R-value of multi-layered overcome by SPF
insulation components

« C402.1.3.2 Area-weighted averaging of R- ** specifically addresses “hybrid” cavity + ci
values floor systems (now included in 2024 IECC

- C402.1.3.3 Suspended ceilings R-value options)

C402.2 Specific insulation and
installation requirements

« (C402.2.1 Roof-ceiling construction
e (C402.2.1.1 Joints staggered
e (C402.2.1.2 Skylight curbs

e (C402.2.1.3 Minimum thickness of tapered
insulation




Applications: Insulation Entirely Above Roof Deck

= FPIS ci commonly used in
low-slope roofs as “above
deck” continuous insulation

 Below roof membrane (most
common)

 Over roof membrane (Protected
Membrane Roof System) — New
provisions in 2024 I1BC

= Also, used in steep slope roof
applications

Source: PIMA




Applications: Insulation Entirely Above Roof Deck

Source: PIMA

Tapered insulation improves slope to drain Source: GAF

Ponding water reduces roof service life

= |BC, Chapter 15 Roof Assemblies and Rooftop
Structures covers other requirements for roofs
including roof replacement provisions (Section
1512, Reroofing)

» Requirements in IRC, Chapter 9 Roof Assemblies
(Section R908, Reroofing)

Base Layer (Not Always Used)— _ ]‘HoofDeck

Source: PIMA




Applications: Insulation Entirely Above Roof Deck

e
A = C n F I iJ H 1 i K GENERAL NOTES

A 5

A

Often, tapered roof
Insulation systems are
addressed by
manufacturer “shop
== 1 drawings” for

] = e drainage, insulation

PROJECT [NFORMATION

layout, and overall roof
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Applications: Vented, Nailbase with FPIS ci

» Used for steep slope roofs
 Cathedral and attic roofs

* Allows direct attachment of roof
covering and other materials

» Offers vented roof deck where
required by roofing manufacturer
(e.g., asphalt shingles)

 Can be used to convert attic into
conditioned space or conditioned
attic (improved HVAC performance
and energy savings)

Vented nail-base roof deck panel

Source: GAF




Applications: Unvented Cathedral Roofs &

Unvented Conditioned Attics

https://www.americanchemistry.com/industry-groups/spray-foam-coalition-sfc

SPF used to insulate conditioned attic
and cathedral ceiling on interior side of
roof deck.

e Alternate to above-deck roof insulation which
IS more effective for metal roof framing
because of thermal bridging.

Refer to insulation requirements in IRC
Section R806.5 and IBC Section
1202.3 for insulation details to control
moisture in unvented roof.
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Roof insulation ———__

—

_ | Continuous ridge
Insulation wind baffle ventilation —— 3
2 in. minimum space —__

Water protection
membrane (ice-
dam protection
where required) —

Rigid insulation
\ (taped or sealed joints)

~—— Gypsum board

/
Continuous /

soffit vent —

Vinyl or

aluminum siding - ——— Caulking or sealant

Rigid insulation ~— Gypsum board
(taped or

sealed joints) . —— : /

Cavity insulation
with vapor diffusion
retarder backing —
Figure 11: Vented cathedral ceiling

Source: Building America Report — 1005 (Oct. 2010)

Application:
Cathedral Roof

= FPIS ci on interior side of
vented cathedral roof assembly

= Good roof ventilation air flow
and air leakage sealing on the
ceiling side of the assembly is
iImportant for any vented roof
assembly




Applications: Raised Floors/Elevated Buildings

Airspace Wood-based
\ subfloor \

V00 s oo Ao

Gypsum board jX Rigid insulation —/

Cavity insulation —

e |

Photo by Shaunna Mozingo

Floor over Unconditioned Space
(e.g., vented crawlspace or raised
coastal foundation, etc.)

« FPIS provide continuous insulation and
air barrier

— Must be approved for interior
exposure if no thermal barrier

(e.g., gypsum panels)
 Also useful for floor overhangs,
particularly if adjoining walls have FPIS ci
Can also use SPF for floor cavities
and perimeter (band/rim joist
Insulation and air sealing)

« SPF has R-values as much as R-7 and can
achieve high R-values in shallow
floor cavities (especially useful
for retro-fit)

ABTG
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|. Above-grade Walls

IECC — Wall thermal envelope compliance
IECC — Wall thermal bridging compliance
IECC/IBC/IRC — Water/Air/Vapor control compliance

. IBC/IRC — Window Installation

IBC/IRC — FPIS Wind pressure compliance
IBC/IRC — Cladding attachment compliance

. IBC/IRC — Vinyl siding installation over FPIS




A. IECC — Wall Thermal Envelope Compliance

= Prescriptive R-value & U-factor Requirements
* [Insulation Methods

Continuous
Insulaticn

Claddin
[Lap Sid?ng Shewn}

Source: ABTG

Steal
Framing

Continuous
Insulation

Caviry
In=ulation

{Brick Vizneer Shown)

Continuous

Insulation Masonry o

Gypsum Wallboapd
{Intariar Sida)
CBR—
Cladding
(Exterior Side)

|

Lo

REDLINEVERSION |

24 |ECC

INTERNATIONAL ENERGY
/ CONSERVATION CODE"

R /

&

https://codes.iccsafe.org/content/IECC2024P1

T

ABT



https://codes.iccsafe.org/content/IECC2024P1

Prescriptive R-value & U-factor Reguirements

IECC-R Residential Provisions
Tables R402.1.2 & 402.1.3

Marine (C) Dry (B) Moist (A)

- o
| >

Y

Wood Frame Walls

Climate Zone

2018 IECC 2021/2024 IECC
R13 R13 or RO+10ci
0,1and?2
o (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
(U-0.045)

R20+5ci or R13+10ci




IECC-C Prescriptive R-value & U-factor Requirements for Walls

2024 IECC-C - Tables C402.1.2 & C402.1.3 (prior - Tables C402.1.3 & C402.1.4)

. A Mass Metal Framed Wood Framed
Climate | Building S
Zone Use 2024 IECC 2018 IECC | 2021 IECC 2024 |IECC 2018 IECC | 2021 IECC 2024 IECC
0and 1 All other R0O+10ci or
Group R R-5.7ci R13+5ci R13+5ci R13+5ci or
All other (U-0.151) (U-0.077) (U-0.077) R20+3.8ci _
2 (U-0.077) . RO+12ci or
- R13+3.8ci or .
Group R R-7.6¢i . R13+3.8ci or
. R13+3.8ci or R20
3 All other (U-0.123) R0O+12.6ci or R20 (U-0.064) R20
Group R R-9.5ci R13+7.5ci R13+7.5ci or (U-0.064) ' (U-0.064)
4 Exceot All other (U-0.104) (U-0.064) R20+6.3ci '
y xeep row R (U-0.064)
arine roup R-11 4ci
All other (U-0.090) R13+7.5ci . R0+15.2c_i or
5 and (U-0.064) R13+10ci R13+10ci or
Marine 4 Group R R-13.3Ci (U-0.055) 328?5(;
(U-0.080) (U-0.055) RO+16ci or
All other RO+17.3ci or . .
0 Group R R13+12.5ci | R13+12.5ci or R13+7.5cior | R13+7.5ci or
P V0 opeitui | R13+7Scior | R20+38ci | R20+3.8ci or
All other ' (U-0.049) R20+3.8ci (U-0.051) R27
R-15.2ci — (U-0.051) (U-0.051)
7 (U-0.071) RO+21ci or
Groun R ' R13+15.6¢i R13+15.6¢ci | R13+15.6¢i or
P (U-0.052) | (U-0.042) | R20+14.3ci
(U-0.042)
R13+7.5ci RO+24ci or . R0O+27.5ci or
All oth . . ) +15. . .
; omer R-25i (U-0064) | R13+188ci | R13+188cior | o > 0O | RI3+188ci | R13+18.8ci or
Group R (U-0.037) R13+17.5ci (U-0.037) R20+17.5ci (U-0.036) (U-0.032) R20+14ci
P (U-0.045) (U-0.037) ' (U-0.032)




Typical Insulation Methods for Frame Walls

=

Cavity insulation only (traditional method)

2. Cavity insulation + continuous insulation (common choice for
modern code-compliant or high-performance walls)

3. Continuous insulation (ci) only (the “perfect wall” with all

control layers to the exterior — maximum protection and thermal
Nnarformance)

CAVITY INSULATION ONLY = CAVITY + CONTINUOUS HYB,R]’D“-:}E,__L_f-ff':_i'f’_ TINUOL

T ‘V_:j — INTERIOR VAPOR RETARDER = €% FPIS R-VALUE (Re) (AS REQUIRED) ' T .~ FPIS R-VALUE (Re) (AS REQUIRED)
1|9V (CLASS I, Il, OR Ill) AS REQUIRED Ml ! |
7 ,/“ﬁ'/ | o CAVITY INSULATION RE-VALUE (Ri) Filnume | P | EMPTY CAVITY
[~ _~——— EXTERIOR VAPOR PERMEANCE T | nzal f
(=< Al NET PERM = s INTERIOR VAPOR RETARDER L = NO INTERIOR VR
e ol (CLASS 1, I, OR Ill) AS REQUIRED i Funs |

L= = | j I
L '-*:/\,_x - 1 L | STRUCTURAL SHEATHING (AS REQUIRED)
/ /\_) _~——— CAVITY INSULATION R-VALUE (- o STRUCTURAL SHEATHING (AS REQUIRED) ] |
[ "‘;_9_ o4 ) | I —ALL "CONTROL LAYERS' (WRB, AB, VR, and
1S4 _—— GYPSUM& VR @ SIDING 7 R-VALUE) TO THE EXTERIOR SIDE

A . /
’f, r«g _— SIDING, WRB, SHEATHING, AB I+ [ SEPARATE WRB (IF FPIS NOT USED AS WRB) 'f\ﬁ. 4
=< i < LOCATE INWARD OF FPIS IF WRB IS LOWER PER! Jllie s

<) = THAN FPIS OR OTHER EXTERIOR INSULATION I B J Note: Arrangement of control layers
w || e T | / \s material and cimate specific.
¥ _l_‘_. = e

Source: ABTG & www.continuousinsulation.org



http://www.continuousinsulation.org/

HYBRID ASSEMBLIES

Continuous Insulation (ci):
Insulation that is uncompressed*
...and continuous across
all structural members
...without thermal bridges
other than fasteners and service openings.

(IBC, IRC, IECC and ASHRAE 90.1* definition)

Cavity + Continuous + Interior VR
s 14 FPIS R-VALUE (Re) (AS REQUIRED)
- S CAVITY INSULATION RE-VALUE (Ri)

[ < ‘ INTERIOR VAPOR RETARDER
(CLASS |, II, OR Illl) AS REQUIRED

<X STRUCTURAL SHEATHING (AS REQUIRED)
SIDING
) SEPARATE WRB (IF FPIS NOT USED AS WRB)

21 LOCATE INWARD OF FPIS IF WRB IS LOWER PERM
) THAN FPIS OR OTHER EXTERIOR INSULATION

“PERFECT WALL” ASSEMBLIES

Continuous Only (no interior VR)

/U/‘ - FPIS R-VALUE (Re) (AS REQUIRED)

i ] EMPTY CAVITY

e ,!

L / NO INTERIOR VR
IJ

STRUCTURAL SHEATHING (AS REQUIRED)

,/ —ALL"CONTROL LAYERS' (WRE, AB. VR, and
i R-VALUE) TO THE EXTERIOR SIDE

{ : Mote: Arrangement of control layers

1 . / is material and climate specific.
~—

ABTG




Typical Methods for Metal Buildings

Example with FPIS ci Example with Blankets™

: *Blankets are continuously draped over purlins but
DuPont Performance Building Solutions are compressed at purlins — doesn’t meet definition
of ci (reduced R-value at purlins)

ABTG



Typical Methods for Mass Walls

CMU & Brick Cavity Wall

Source: https://www.insulationshop.co/

Fixings External wall

Reinforcing

mesh Adhesive

Y T, W Insulation

Final render

Concrete Wall

Source: https://www.insulationsuperstore.co.uk/help-and-advice/project-
guides/insulation/how-to-install-external-wall-insulation/

ABTG



https://www.insulationsuperstore.co.uk/help-and-advice/project-guides/insulation/how-to-install-external-wall-insulation/
https://www.insulationsuperstore.co.uk/help-and-advice/project-guides/insulation/how-to-install-external-wall-insulation/
https://www.insulationshop.co/

Coordinate IECC with Building Code for Vapor Control

= Location and type of insulation in an assembly in coordination with
climate and vapor retarder is crucial for water vapor control and
moisture management in general.

= This check is important for both commercial and residential buildings
(required in IBC and IRC), but only referenced in IECC-R:

R402.1.1 Vapor retarder. Wall assemblies in the build-

ing thermal envelope shall comply with the vapor retarder
requirements of Section R702.7 of the International Resi-
dential Code or Section 1403.3 of the International Build-
ing Code, as applicable.




B. IECC —Thermal Bridging Compliance

= Types of thermal bridges & their impact

= Energy use implications of thermal bridges
= 2024 IECC-C — Thermal Bridging Provisions
=  Mitigation methods and details

= Thermal bridging resources




Types of Thermal Bridges

A thermal bridge is not a burning bridge...

Clear-field thermal bridge

Linear thermal bridge

Point thermal bridge

Source: Steve Dadds; as published in azfamiliy.com by 3TV/CBS 5, posted Aug. 17, 2015.




Clear-Field Thermal Bridge

Studs account
for 25% of the
wall surface

’//-./.' ,
= 75% cavity
insulation

Steel wall stud
{thermal bridge)

Heat flow
through stud

Cavity insulation
only

Steel wall stud
{with cl thermal break)

Heat flow
through stud

Cavity insulation
+
I
L =— continuous insulation
(FPIS ci)

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

Thermal pathways inherent to a
building assembly and its surface area

« Generally accounted for in U-factor
calculations, R-value prescriptions, and
assembly thermal test methods for energy
code compliance.

« Examples: Wood and steel studs and
plates (framing), headers, webs of
concrete blocks, etc.

Impact:

« For example, cavity insulation in steel
framing is only —35-50% effective (more
than 50% loss of nominal R-value)

— R-21 cavity insulation has effective
R-7.4 to 9.0 for 16" oc and 24" oc
framing (studs & tracks only)

« For comparison, cavity insulation in
wood framing is about 85% effective

SOLUTION: Continuous

Insulation mitigates heat loss
through framing “clear-field” T
thermal bridges ABT




Clear-Field Thermal Bridge:
Wood Frame Wall Comparison

R25 # R20 + 5ci
(U-0.054 > U-0.045)

The R20+5ci wall is 15% more efficient
(less conductive) than the R-25 wall.

This demonstrates that R-value of cavity
and continuous insulation cannot be added
(and this is prohibited as a means of
compliance).

| ||I!.§!;I""lll!ur:l;!i!!i
1

Source: Dryvit/Dow
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						Zone 1, 2		Zone 3, 4, 5				Zone 6, 7, 8

						2015 IECC - RE50 Calculation

				Wall Component				2x4		2x6		2x4		2x6		2x6 wall		2x8 wall

				Outside winter air 		0.17		0.17		0.17		0.17		0.17		0.17		0.17

				Siding		0.62		0.62		0.62		0.62		0.62		0.62		0.62

				Continuous insulation		0		5		0		10		5		0		0

				OSB - 7/16		0.62		0.62		0.62		0.62		0.62		0.62		0.62

				SPF stud		4.375		4.375		6.875		4.375		6.875		6.875		9.0625

				SPF header		4.375		4.375		6.875		4.375		6.875		6.875		9.0625

				Cavity insulation		13		13		20		13		20		38		29

				1/2 drywall		0.45		0.45		0.45		0.45		0.45		0.45		0.45

				Inside air film		0.68		0.68		0.68		0.68		0.68		0.68		0.68

				R-value stud path		6.92		11.92		9.42		16.92		14.42		9.42		11.60

				R-value header path		6.92		11.92		9.42		16.92		14.42		9.42		11.60

				R-value cavity path		15.54		20.54		22.54		25.54		27.54		40.54		31.54

				Framing factor - studs		21%		21%		21%		21%		21%		21%		21%

				Framing factor -header		4%		4%		4%		4%		4%		4%		4%

				Framing factor - cavity		75%		75%		75%		75%		75%		75%		75%

				U-factor		0.084		0.057		0.060		0.044		0.045		0.045		0.045

				Effective R of wall		12		17		17		23		22		22		22



				Framing method		Conventional		Conventional		Conventional		Conventional		Conventional		Conventional		Conventional

				Spacing		16		16		16		16		16		16		16

				Framing factor studs+header		25%		25%		25%		25%		25%		25%		25%





				2009 Code compliance minimum insulation and vapor retarder requirements

				Climate zone		Interior Vapor Retarder		Cavity Insulation (add both columns together)				Exterior Insulation		Wall Thickness		Exterior Cladding

						Class		All insulaton types		Spray Foam Next to WSP		Rigid Foam				Vent over WSP, FB, Gyp

				1, 2, 3, 4 (except Marine)		I, II, III		13		0		0		2x4		N/A												Code change proposal opportunites to eliminate the option of:

				Marine 4		I, II		13		0		5		2x4		No				IECC prescriptive option 2x4 - w/ CI								1) R13+5, R13+10, R20+5 with Class I VR

								20		0		0		2x6						IECC prescriptive 2x6 w/o CI								2) R38+0, R29+0 with Class III VR in CZ 7,8

						III		13		0		5		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		3.75		2x6						IECC prescriptive 2x6 w/ CI

								17.5		2.5		0		2x4				footnote a1

								16.25		3.75		0		2x6				footnote a1

								20		0		0		2x6		Yes		vented cladding

				5		I, II		13		0		5		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		0		2x6						IECC prescriptive 2x6 w/o CI

						III		13		0		5		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		7.5		2x6						IECC prescriptive 2x6 w/ CI

								15		5		0		2x4				footnote a1

								12.5		7.5		0		2x6				footnote a1

								20		0		0		2x6		Yes		vented cladding

				6		I, II		13		0		5		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		0		2x6						IECC prescriptive 2x6 w/o CI

						III		13		0		7.5		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		11.25		2x6						IECC prescriptive 2x6 w/ CI

								12.5		7.5		0		2x4				footnote a1

								8.75		11.25		0		2x6				footnote a1

								20		0		0		2x6		Yes		vented cladding

				7 and 8		I, II		13		0		5		2x4		No				IECC prescriptive option 2x4 - w/ CI

								21		0		0		2x6						IECC prescriptive 2x6 w/o CI

						III		13		0		10		2x4		No				IECC prescriptive option 2x4 - w/ CI

								21		0		15		2x6						IECC prescriptive 2x6 w/ CI

								11		10		0		2x4				footnote a1

								6		15		0		2x6				footnote a1

								21		0		0		2x6		Yes		vented cladding



				2012,2015 Code compliance minimum insulation and vapor retarder requirements

				Climate zone		Interior Vapor Retarder		Cavity Insulation (add both columns together)				Exterior Insulation		Wall Thickness		Exterior Cladding

						Class		All insulaton types		Spray Foam Next to WSP		Rigid Foam				Vent over WSP, FB, Gyp

				1, 2, 3, 4 (except Marine)		I, II, III		13		0		0		2x4		N/A

				Marine 4		I, II		13		0		5		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		0		2x6						IECC prescriptive 2x6 w/o CI

						III		13		0		5		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		3.75		2x6						IECC prescriptive 2x6 w/ CI

								17.5		2.5		0		2x4				footnote a1

								16.25		3.75		0		2x6				footnote a1

								20		0		0		2x6		Yes		vented cladding

				5		I, II		13		0		5		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		0		2x6						IECC prescriptive 2x6 w/o CI

						III		13		0		5		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		7.5		2x6						IECC prescriptive 2x6 w/ CI

								15		5		0		2x4				footnote a1

								12.5		7.5		0		2x6				footnote a1

								20		0		0		2x6		Yes		vented cladding

				6		I, II		13		0		10		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		5		2x6						IECC prescriptive option 2x6 w/CI

								38		0		0		2x6						IECC equivalent U-factor 2x6 w/o CI

								29		0		0		2x8						IECC equivalent U-factor 2x8 w/o CI

						III		13		0		10		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		11.25		2x6						IECC prescriptive option 2x6 w/CI

								12.5		7.5		0		2x4				footnote a1

								8.75		11.25		0		2x6				footnote a1

								20		0		0		2x6		Yes		vented cladding

				7 and 8		I, II		13		0		10		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		5		2x6						IECC prescriptive option 2x6 w/CI

								38		0		0		2x6						IECC equivalent U-factor 2x6 w/o CI

								29		0		0		2x8						IECC equivalent U-factor 2x8 w/o CI

						III		13		0		10		2x4		No				IECC prescriptive option 2x4 - w/ CI

								20		0		15		2x6						IECC prescriptive option 2x6 w/CI

								28		10		0		2x6				footnote a1		IECC equivalent U-factor 2x6 w/o CI

								14		15		0		2x8				footnote a1		IECC equivalent U-factor 2x8 w/o CI

								20		0		0		2x6		Yes		vented cladding		IECC equivalent U-factor 2x6 w/o CI

				1 footnote a - the maximum permeance of the all cavity insulation is 1.5 perms at the installed thickness





Sheet2

						U-factor Comparison

				Wall Component		R20		R25		R20+5ci

				Outside winter air 		0.17		0.17		0.17

				Siding		0.62		0.62		0.62

				Continuous insulation		0		0		5

				OSB - 7/16		0.62		0.62		0.62

				SPF stud		6.875		6.875		6.875

				SPF header		6.875		6.875		6.875

				Cavity insulation		20		25		20

				1/2 drywall		0.45		0.45		0.45

				Inside air film		0.68		0.68		0.68

				R-value stud path		9.42		9.42		14.42

				R-value header path		9.42		9.42		14.42

				R-value cavity path		22.54		27.54		27.54

				Framing factor - studs		21%		21%		21%

				Framing factor -header		4%		4%		4%

				Framing factor - cavity		75%		75%		75%

				U-factor		0.060		0.054		0.045

				Effective R of wall		17		19		22






2024 1ECC Definitions —

= THERMAL BRIDGE. An element
or interface of elements that has
a higher thermal conductivity than
the surrounding building thermal
envelope, which creates a path of
least resistance for heat transfer. Point Element

Source: Morrison Hershfield LTD

= CHI-FACTOR (X-FACTOR). The ASHIRAE RE 1365
heat loss factor for a single thermal
bridge characterized as a point
element of a building thermal
envelope (Btu/h x °F)[W/K].

= PSI-FACTOR (@-FACTOR). The
heat loss factor per unit length of
a thermal bridge characterized as
a linear element of a building
thermal envelope (Btu/h x ft x _
°F)[W/(m < K)] Linear Element

Source: Morrison Hershfield LTD
ASHRAE RP 1365

Point Thermal Bridge

oy 1

Linear Thermal Bridge




What are the building energy use implications of
unaccounted thermal bridges?

0.16 wli

0.04

0.02

Contribution of Thermal Performance of Wall
Assembly to Energy Use{GJ/m? of Floor Area)

Figure 4.7: Additional building energy use based on thermal performance of the
building wall assembly for varying amounts of nominal exterior iPSIIIation for a mid-rise
MURSB in Edmonton (overall assembly thermal resistance in ft™°F-h/Btu also given)

B Clear Wall Only @ Including Poor Details M Including Efficient Details

014 4
0.12 .;
0.10
008 §

0.06 +

0.00 4y

Source: Morrison Hershfield Ltd

Unaccounted thermal bridges can result in
significantly over-estimated building
performance (under-estimated energy use)

Inaccurate heating and cooling loads for
HVAC equipment sizing

Moisture problems (condensation, corrosion,
mold, rot)

Diminished effective R-value of insulation
materials (devalues insulation to extent
bridged)

Use of continuous insulation with good
detailing to mitigate thermal bridges

Is key to meeting intended

performance

ABTG




Thermal Bridging Impacts of Window-Wall Interface

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

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
. L. - i (R13+7.5ci steel fiame)® Window-Wall Interface Reduction
Wall-window  Unmitigated: Mitigated: Linear in Wall
H _ Detailing Thermal ) Effective ) Effective Thermal
! nte rface wall U-factor wall U-factor Practice Transmittance CBU- fa_‘_:}g_F) R-value (BU-]fa"—:I‘t%l-F) R-value | Performance
ignored reduced by reduced by (Psi-factor, /b () (/)
o 0 Btw/hr-fi-F)
50% 25% “Poor” 03 0.064 R-15.6 0.134 R-7.5 52%
= 4 — “Efficient” 0.1 0.064 R-15.6 0.088 R-11.4 27%

|l 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 msulation 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 Btuwhr-f£’-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.

I

KEY: Continuity of continuous insulation
and alignment with fenestration.

a) b)
EE Additional Heat Flow
Center of Glass Hear Flow
= Edge of Glass Heat Flow

Source: Morrison-Hershfield (2020) £ Window Frame Feat Flow Source: Barnes et al. (2013)
E= Clear Wall Heat Flow

il




2024 IECC-C Code Provisions for Thermal Bridging

= (C105.2 Information on construction documents.
 Requires thermal bridges per C402.7 to be identified on plans

= (C402.7 Thermal bridges in above-grade walls.

 Provides prescriptive insulation & detailing solutions (with exemptions, exceptions, and
design alternatives) for:

C402.7.1 Balconies and floor decks

C402.7.2 Cladding supports

C402.7.3 Structural beams and columns
C402.7.4 Vertical fenestration

C402.7.5 Parapets

C402.1.2.1.8 Mechanical equipment penetrations.

C402.1.4 Component performance method (includes thermal bridges in
envelope trade-offs)

Table C407.4.1(1) — includes thermal bridging in whole building simulation

Similar thermal bridging provisions
also in ASHRAE 90.1-2022




Mitigating Clear-Field
Thermal Bridges

= Some ways to mitigate clear field
thermal bridges include:

Reduce “framing factor” where
structurally feasible (wider frame
spacing, double stud framing, etc.)

Use low conductivity structural
materials

Apply continuous insulation over
structure/framing members
(minimize discontinuity at
floor/wall/roof intersections)

Mount metal or wood furring over
(not through) continuous insulation
layer

Use low conductivity fasteners or
devices to attach cladding, furring,
etc. to framing (e.g., stainless steel,
carbon fiber, thermally-broken brick
ties, etc.)

{
"lllhlll""lll

Before
Cavity insulation only

After

Cavity + Continuous Insulation

Source: Dryvit/Dow

Fig1: Solid metal fastening Fig. 2: Version with plastic sleeve
solution and shorter fastener

https://www.trufastwalls.com/thermal-grip-masonry-veneer-anchor




Mitigating the Big Point Thermal Bridges

External
=  Some ways to mitigate point thermal bridges
Internal |nCI Ude .
' « Minimize penetrations of high thermal conductivity
Steel beam materials through the building envelope.
: e e belling  Encapsulate the penetrating element with insulation for at
=i ) least 2 feet inward or outward from the envelope.
T e il e Use lower conductivity materials
Figure 2.2 Locally insulated beam — Stainless steel

Avoidance of Thermal Bridging in Steel Construction
https://www.steelconstruction.info/images/5/53/SCIl_P380.pdf

= 3x lower thermal conductivity than carbon steel
= 5x lower thermal conductivity than aluminum

= More durable (benefit for cladding
attachments)

 Various proprietary thermal break materials and devices
(carbon fiber, fiberglass, structural thermal breaks, etc.)

Structural thermal block for steel beam projections
through building envelope Source: Google search



https://www.steelconstruction.info/images/5/53/SCI_P380.pdf

Examples of Mitigated Linear Thermal Bridges (Balconies)

Suspended and separately
supported balconies with shear
tab or offset shelf-angle point
connection to building

OR...

Cantilevered Balcony
Structural Thermal Break

Source: Google search




More Examples of Mitigated Linear Thermal Bridges
(non-exhaustive “commodity” details)

PVC caulk stop
o ROUGH OPENING DETAIL
Inner air & water (USACE report)

seal

\ . Finish
S!alantfor air _/' '
barrier continuity (-
Interior air barrier % %
3 i
_\. . £
masonry or =
concrete wall
structure
|
| 3 INSULATICN
o BRICK-, %
= | SR
A | S { i SHEATHING
=1l | Image '_3(: f
! e i T OFFSET SHELF ANGLE
Ry b (AISC/SE] article)
e GYPSUIM BOART
e _‘ ‘ﬂ -4° THICK CONC SLAB
| LE w4 LLH
‘ .‘..Rl.‘
1
) 1 4" HEADED STUD @24 0.0

Examp\e Details LB x&"¢18" LLH

from BSI-081:
Zeroing In (J.
Lstiburek, Building
Science Corp) as
used on NIST
NZERTF Project

G54 STAINLESS STEEL
SHIM PLATE @24° 0.C

I

NOTE: Coordinate detailing at floor-wall
INSULATED PARAPET DETAILS and fenestration with NFPA 285 tested
(Payette/AlA report) assemblies and approved engineering
analysis details (applies to Type I-1V

buildings, not Type V wood frame). c I




Cladding Connections
and Supports

(b1)

RN

(b2) \_1\

o

(d) ~

Emnn View - Direct Claciding Attachment Through FPIS to Weod Stud (see Table 1)

(b4}

|

16" 24" O
(32" 0uC. CI-GIRT SPACING
CLADDING TYPE & WIND PRESSU

A/B OVER INSULATION OR
| OWER SHEATHING,
HOT BY W5

RIGID INSLLATION, 25 FSL
| CoMPRESSIVE STRENGTH,
| NOTBY KNS

Yeanelese e

/ ¥%

BY OTHERS
(g} '|" 2

(e) \)

Ethﬂﬂ)ﬂu Attachment Through Vertical Furring (Woad Shown||

(b1) (b2)
@ ~_ [y KEY:
= N \m‘ A () Cladding
'~ i S [N SRS

(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)
(e1) Wood Furring

(c2) Hat Channel Furring

(d) FPIS

1 (e) Framing

e i = —! o (f) Cavity Insulation
) / U}

S am Tl e s

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

[ (b§) {b3)

(g) Wall Finish

[ i
TR , e 9
E Cladding Attachment Through Vertical Furring (Wood Shown) Parallel to CFS Studs (see Table 2)

i (h;_’/_(hﬂ i
} o Cross section of
B R Hat Channel

/(ﬂ

A (b8)
H\‘ . \:*ii[‘:-

|
'
I ke

Cladding Attachment Through Herizontal Furring {CFS Hat Channel Shown) Perpendicular to CFS Studs (see Table 2)

ooyt ot iy

b P e

Low thermal conductivity furring/cladding/ledger supports

Sources: Payette/AlA report and product info from Google search

NOTES:

1.

2.

More to come later on this topic...

See 2024 IRC Section 703.15/16/17 and
IBC Section 1404.5 (formerly 2603.12/.13)
for fastening cladding or furring through
FPIS ci. See also:
https://www.continuousinsulation.org/
cladding-connections

Z-furring penetrating through exterior
insulation is cavity insulation — doesn’t meet
continuous insulation definition in IECC.



https://www.continuousinsulation.org/cladding-connections
https://www.continuousinsulation.org/cladding-connections
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Thermal & Vapor Coemml:

Air Flow Control |

“
® Foam Plastic Applications
- 4 for Better Building

Content

N

Foam Plastic Insulating Sheathing

Building Thermal Envelope 101:
Identifying & Mitigating Thermal Bridges with FPIS ci

Water Contral |

1Tharmal & Vapor Control|
|
-

INTRODUCTION

Modem energy codes, such as
ASHRAE 901-2019 and the 2021
IECC. feature prescriptive require-
ments for continuous insulation
(ci} in essentially all climate zones.
Ameong other benefits, ci helps to

idging caused
by framing as visualized in
Figure 1. Without ci, the wall's
cavity insulation is only 45% to
85% effective’ for steel and wood
framing, respectively. Ci also
compliments the thermal mass
of concrete and masonry walls,
especially in cold cimates where
thermal mass effects are much
diminished. it also plays a key
role in other building applications
such as Qofs. foundations, and
wvarious retrofit or remodeling
projects.

| Water Control |
:Therrnal & Vapor Control :

! Air Flow Control

nsdlation

+ Clear field thermal bridges: Repetitive
framing members, cladding supports
{e.g.. Z-furring), and fasteners distributed
relatively uniformby throughout a building
assembly surface *

+ Linear thermal bridges: Roof-to-wall, floar- "
ta-wall, window-to-wall, and wall-io-wall inter- I
sections that are lingar in patiam of intensifisd { — Air Flow Control
heat flow (2.q., slab floor edges and projecting “—— \apor Control
balconies, shelf-angles, parapets, et} | o Tharmal Control

\ | [——— Water Control

The conventional practice of
addressing thermal bridges onby
within building assemblies is not
the end of the story. Other major
types of thermal bridges occur at
building assembly and compo-
nent intersections as shown in
Figure 2_If not mitigated, a build-
ing thermal envelope’s actual
performance (effective R-value)
can be decreased by typically

See colored lines in figure:

1 fyellow) = raof-to-wall linear thermal bridge
2 red) = floor-to-wall inear thermal bridge

3 (blue) = window-to-wall linear thermal bridge
4 [green) = wall-to-wall linear thermal bridge

Foam Plastic Insulating Sheathing

Air Flow Control
Water Control

+ Point thermal bridges: Thermal bridges
that accur at a discrete point on the surface
area of the building thermal envelope asserm-

Air Flow Cantral —

2L/, ot marg, daperiling on by, such as a beam or column penetration. Vapor Control -

the building materials, structural i i

details, and insulation detailing ermal Con
Wiater Control

{or lack thereof).

. See Resource Guide handout for FACTS on Thermal Bridging 101. Notice the
thermal bridging resources listed.

= Also visit: https://www.continuousinsulation.org/thermal-bridging-prevention



https://www.continuousinsulation.org/thermal-bridging-prevention

C. Water/Air/Vapor Control — Code Compliance

» Fundamentals of moisture control

= Water Vapor Control

= Air Leakage Control (AB)

= Rain Water Control (WRB & Flashing)




Fundamentals of 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 (WRB))
2. Control Air Leakage (e.g., continuous air barrier (AB))
3. Control Indoor Relative Humidity (e.g., building ventilation & de-humidification)
4.

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

5. Control Initial Construction Moisture (e.g., prevent enclosure of wet materials)
= All are important, all vary in significance, all have inter-dependencies.

» These 5 concepts are captured in the following 3 rules:
1. Keep water vapor (humid air) away from cool surfaces
2. Minimize air leakage into and through building envelope assemblies
3. Avoid rain water intrusion




RULE #1 of 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 reqguirements for continuous insulation and
water vapor conirol (see Cl's Quick Guide- Water Vapor Con-

irol and wall calculators), FPIS ci keeps water-sensitive mate-
raks inside the wall dry by maintaining a temperature above
the dew point. Simply use the nght R-value of FPIS i for the
wall azsembly based on the climate zone and an appropri-
ately specified interior vapor retarder (or no intenior vapor

|8 INTERIOR WAPDR RETARDER

I ; ICLASS I I, ORI} AS REGUIRED

= |MET PEFRM =

] 1
| - [ETS LTS
i CANTY INSULATION R-WalLLE

i N GYPSUM & VR

| R

- -

SIDING, WRE, SHEATHIMG, AR
o
14

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

retarder) to control outward vapaor diffusion in the winter and
maintain imward vapor diffusion [drying) in the warmer sea-
sons. This approach resuits 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. Leam
more about the use of FPIS for water vapor control here

I //_,‘— FPIS R-VALUE |AS REGUIRED)
I;a-_\‘; ' CAVITY INSULATION RE-VALLE
{4 | /_ IMTERICR VARCR RETARDER

- | / (AS NECESTARY)
I/~ _ __—— EXTERIOR SHEATHING (AS NECESTARY)

= [l

SING

12 |~ WAE (USE EXTERIOR SURFAGE OF
- FRIS OR A SERARATE WRE MATERIAL
i 1O INTERIOR DR EXTERIOR OF FRIS)

https://www.continuousinsulation.org/facts

Moisture Content - Housewrap Houses
Interior Sheathing Surface - Above Grade Cavity

Moisture Content (%)

H2 Vacant

==:+++ House 1 HW
erees House 4 HW
— Housewrap Group Avg

= = House 2 HW
===House SHW e House & HW

House 3 HW

(A) Walls with R20 cavity insulation only consistently
experiencing wet OSB.

Moisture Content- R5 Cl Houses
Interior Sheathing Surface - Above Grade Cavity

35.00

30,00

25.00

Moisture Content (%)

£l

/201

L7

House 8 €l  ==R5 Cl Group Avg

(B) Walls with R5 FPIS ci keeping OSB sheathing dry

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



https://www.continuousinsulation.org/facts

Rule #2 of 3

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. 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 infilration from the
externior (especially if it is also used as the WRE system, sse
RULE #3), and {2) it will also reduce the potential for moist
air to condensate on or be adsorbed by moisture-sensitive
matenals inside the wall because it controls the tempera-
ture of those materials. Find more information on use of
FPI5 as an air barrier here.

https://www.continuousinsulation.org/facts

-

e

- _'\.*-.'

Note Sheoed
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despmste Al S
= prder oysiem

Figure 3.
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114 | 1 Exterios sheatmning
g apen ar s=eec TNk T
!d | exteriar =neatting
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FPIS cl installed as an alr barrer

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

Rule #3 of 3 RULE #3: Avoid Rain Water Intrusion!

Most importantly, keep rain water out of walls by proper
use of cladding, drainage, water-resistive barrier (WREB),
and flashing as required by the building code and good
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
WRE systems use durable joint treatments (2.4Q., joint tapes)
and flashing materials (e.g., adhered or fluid-applied flex-
ible flashings) as shown in Figure 4. FPIS WRE systems
are subject to some of the most stringent wall assembly
water-resistance test requirements. Find more information
on FPIS WRE systems here.

1 E e
B | Figure 4. | FPIS WRB System installation using jJoint tapes and adhered flashings;
refer to manufacturer Installation instructions for specific detalls.

https://www.continuousinsulation.org/facts



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

Water Vapor Control

= |IBC Section 1404.3 Vapor Retarders

= |RC Section R702.7 Vapor Retarders

= 2021 code includes major improvements

= 2024 code includes some incremental enhancements/options

= Water vapor control per building code must be coordinated with energy code

Insulation requirements
 Insulation and vapor retarders work together and vary in application by climate

« The code has taken a complicated building science matter and simplified it into prescriptive
rules or “look-up” tables

 Use of continuous insulation provides a simple and robust way to address thermal and water
vapor control performance




3-Step Guide for Water Vapor Control Code Compliance

(based on 2024 IBC/IRC)

QUIC
GUIDE

Foam Plastic Applications
for Better Building

This reference guide summarizes key requirements and options
in the 2024 International Residential Code (IRC) and 2024 In-
ternational Building Code (IBC) for design and construction of
code-compliant and moisture-resistant frame walls using foam
plastic insulating sheathing (FPIS) as continuous insulation (ci).
When used in a code-compliant manner, FPIS ci protects walls
against the effects of moisture by keeping walls warm to prevent
condensation while maximizing drying to the interior with proper
vapor retarder specification.

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

Sheathing (FPIS) Continuous Insulation (ci)

Follow the three steps below for code-compliant water vapor
control. The wall assembly design must also be coordinated with
minimum energy code insulation requirements. For greater flexi-
bility and to automate the application of this reference guide and
energy code compliance, refer to these wall calculators. Various
maisture control research reports and other practical guides are
also available here.

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

STEP 1: KNOW INTERIOR VAPOR RETARDER CLASSES

Use the following definitions for water vapor retarder classes when specifying interior vapor retarders in accordance

with Steps 2 and 3:

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

CLASS ACCEPTABLE MATERIALS

I than or equal to 01

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

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.

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

Satisfies Rule

#1 of 3:

Keep Water Vapor Away
from Cool Surfaces



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

3-Step Guide (cont’d)

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. In Climate Zones 4-8, no interior vapor retarder is required where comply-

ing with Table R702.7(5).

Maist {A)

‘Warmn=Humjd
Selay Whiks Lins

all o5 Alasks = m fone T exeepd
For Ini folliowsng Donodeg s W hich

=

w1 Tone B Bethel, Dellingham

| Zome § ineleaes Hawail

Faiianke M. 3tar, Moma, Morh Siepe b
| Modthwest Arctic, Southast Fairbmnks | 'J'-'-:': _r'l.--:- i Fh-:_t and 1
Wik Msmipten, Tuknm=smiikul | Uhue Wiezsin isfanps

U.S. Climate Zones

RESPONSIVE VAPOR RETARDER s defined as a "material complying with
a vapor retarder class of Class | or Class Il but which also has a vapor per-
meance of 1 perm or greater in accordance with ASTM ES6, water method
(Procedure B)."

TABLE R702.7(2) VAPOR RETARDER OPTIONS

CLIMATE VAPOR RETARDER CLASS

ZONE CLASS I CLASS II* CLASS Il
1.z Not Permitted | Not Permitted Permitted

3.4
Mot Permitted Permitted*® Fermitted

(except Marine 4)

Marine ’ ;. See Table
4.5.6.78 Permitted Permitted R7027(3)

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

b. In frame walls, use of a Class | interior vapor retarder that is not a
responsive vapor retarder on the interior side with a Class | vapor

retarder on the E){terior side shall require an approved design.
2
c. Where a Class\?‘?.rapnr retarder is used in combination with foam

plastic insulating sheathing or insulated siding installed as continu-
ous insulation on the exterior side of frame walls, the continuous
insulation shall comply with Table R702.7{4) and the Class | or Il
vapor retarder shall be a responsive vapor retarder.




3-Step Guide (cont’d)

STEP 3: DETERMINE MINIMUM R-VALUE REQUIREMENTS FOR CI

Example 1' CZ 5 Wlth CIaSS I“ VR TABLE R702.7(3) CLASS Il VAPOR RETARDERS
= IRC Table R702.7(3) or IBC 1404.3(3): only requrementsfor ol e shov
- - CLIMATE CLASS Il VAPOR RETARDERS
—+
rame wall (e.g., _5CI) ) ciwith R-value > 2.5 over 2 x 4 wall
’ Energy code requires R1347.5c (OK’ — cl with R-value = 375 over 2 x 6 wall oy
exceeds minimum Ci R-value for vapor \ — sepnoi B
COﬂtFOl) ™A ciwith R-value = 5 over 2 x 4 wall ~aP
5 s
= Use min. R-7.5ci on a R20 2x6 wood === Cl with R-value = 7.5 over 2 x 6 wall Gaulty e
frame wall . ci with R-value = 7.5 over 2 x 4 wall Insulation \' >
i Exceeds energy code R20+3.8ci which cl with R-value = 11.25 over 2 x 6 wall |
doesn’t WOFk_ for V_apor control (unless ciwith R-value =10 over 2 x 4 wall
flash & batt in cavity, e.g., R13 batt + 7
R7 ccSPE in cavity with R3.8ci on cl with R-value =15 over 2 x 6 walll
exterior) . cl with R-value = 12.5 over 2 x 4 wall
8
« Alternatively consider using Class | or i with Rvalue = 20 over 2 x 6 wall

Il RVR (Example 2)




3-Step Guide (cont’d)

STEP 3: DETERMINE MINIMUM R-VALUE REQUIREMENTS FOR CI

TABLE R702.7(4) CONTINUOUS INSULATION (ci) WITH

Example 2: CZ 5, Class | or |l CLASS | or Il RESPONSIVE VAPOR RETARDER
Responsive Vapor Retarder ONE PERMITTED CONDITIONS 7 R'
Exterior CI b o>
« IRC Table R702.7(4) or IBC Table - cwith Rovalue 2 e |
1404.3(4): -
_ _ ) ci with R-value =z 3 over 2 x 4 wall Cavity e
* Use min. R-5ci on 2x6 wall with R20 4,5,6 —= S Insulation =~
CaV|ty (e-g-, R20+50| Wa”) clwit -Valle 2 o over £ X bwa f\__
. Exceeds minimum energy code for . cl with R-value = 5 over 2 x 4 wall ,_
2%x6 WEW (i_e_’ R20+3.80i) and could cl with R-value = 7.5 over 2 x 6 wall {3\”‘*'___.:.:__,_
use R19+5ci to get closer to . cl with R-value = 7.5 over 2 x 4 wall :‘
minimum energy code (by equivalent ol with Revalue = 10 over 2 x 6 wall '
U-factor compliance)
« Class I or Il VR must be “responsive
vapor retarders” (RVR) to minimize = Generally, steel frame walls
outward diffusion wetting while require more Ci R-value in
promoting inward diffusion drying energy code and thus
— Class Il RVR = kraft paper facer usually satisfy these vapor
— Class | RVR = proprietary control requirements.

membranes




3-Step Guide (cont’'d) STEP 3: DETERMINE MINIMUM R-VALUE REQUIREMENTS FOR CI

TABLE R702.7(5) CONTINUOUS INSULATION (ci) ON WALLS
WITHOUT A CLASS I, Il OR Il INTERIOR VAPOR RETARDER?

CLIMATE
ZONE

PERMITTED CONDITIONS®<

Example 3: CZ 5, No interior vapor
retarder, exterior Ci only
« 2024 IRC Table R702.7(5) or IBC 1404.3(5)

 Generally, the minimum ci R-values for
moisture control are less than the energy

clwith R-value = 45

clwith R-value = 6.5

4
5
6 cl with R-value =85
7

cl with R-value z 11.5

code requires for exterior Ci-only walls. 8 cl with R-value > 14
- - - .Th I insulati | f ial he interior side of th i
+ Therefore, if complying with energy code e i o o oty o S ot
minimums (for exterior continuous insulation R-5. Where the R-value of materials to the interior side of the exterior
- ti insulati ds R-5, d design shall b
only) these vapor control requirements are oquited, o CCeeeR . an spprovec aesign=heTRe
met. 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
u Footn otes are m po rtant! be placed on the exterior side of the wall and to the interior side of the
. exterior continuous insulation. The exterior continuous insulation shall
o There St||| must be amax 1 perm Vapor be permitted to serve as the vapor control layer where, as its installed

thickness or with a facer on its interior face, the exterior continuous
insulation is a Class | or Il vapor retarder.

retarder but on the exterior side of the wall
and to the interior side of the Ci insulation,

unless the Ci insulation or its interior facer is TR T FPIS RVALUE (Re) (AS REQUIRED)
a vapor retarder. i /:/ EMPTY GAVITY
g :f / NO INTERIOR VR
t; ;;§§ H.CSTF‘.UCTURAL SHEATHING (AS REQUIRED)
J EEI / —ALL "‘CONTROL LAYERS" (WRB, AB, VR, and
THT R-VALUE) TO THE EXTERIOR SIDE
L
;,r r_i )| Mote: Arrangement of control layers .
J_;_E _// Is material and climate specific A I j




Implements R-value and
U-factor checks per IECC &
ASHRAE 90.1

Vapor control check per
IBC/IRC (including
Insulation ratio and
permeance ratio checks)

Flexible, More Solutions
than Code, More Precise

Wood and Steel framing

2-minute wall design and
optimization (or compliance
check)

Simplified Energy & Water Vapor Code

Compliance

Wall Assembly Inputs
1. Building / Energy Code & Year
Energy code & year
IBC 2015 + IECC-C 2015 (Excluding group B} hd
2. Climate Zone and Heating Degree Days
Climate zone

5 ~

Enter Heating Degrae Days (HDD) if you want the minimum Insulation Ratio
(Re/Ri) to be bazed on hesting degree days. rather than strictly on the dimate
zone minimums. Yalues outside the range shown will be ignored. The heating
degree days option is only available for some climate zones. HDD values are
on 3 65°F basis.

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

3. Cladding

(ladding type and R-value

Stucco (0.08) hd

4, Exterior Continuous Insulation

Manufacturer's rated R-value at installed thickness

5. Exterior Sheathing

Output

Energy Code Thermal Check

{FFactor Method

Factor Proposed Wall Code Requirement Compliance Check
{ffactor of opague wall 0060 D064 « Passed
assembly
R-Value Method

Factor Proposed Wall Code Requirement Compliance Check
*R-value of opaque wall R13+7.5ci R13+7.5¢i o Passad

assembly

Building Code Water Vapor Control Check

Insulation Ratio (Re/Ri) Method
Interior Vapor Retarder  Proposed Minimium Ratio Required
Class® Ratio (Zone 5) PPass,Fail
Class 12 058 0.20 o Pazsad
Class |12 058 0.30 o Pazzad
Class [ 053 045 o Passed
Mo Interior Yapar 0.58 140 X

Retarder

https://www.continuousinsulation.org/calculators
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Optimize energy and building code compliance

= Energy code compliance decisions

2x4 vs. 2x6 Walls: iImpact structural framing and

Foam Plastic Applications
for Better Building

Getting the Most Bang for Your Buck with Foam Plastic . I |
Insulating Sheathing (FPIS) Continuous Insulation moisture control com p lance

decisions and vice-versa.

Is it time to consider returning to a modern version of 2x4 walls? - Wal IS m USt be treated as

| Table 1. |Comparison of 2x6 and 2x4 Wall Construction’

e —— e ol Integrated, multifunctional
Framing Cost $3% 4% 2x4 less costly/less wood (verify local lumber pricing) SySte m S ]
s T e = Lot’s of opportunity to optimize

Wall Bracing YES YES Both comply, no difference

Wall Headers YES YES Both comply, no difference th e Ove ral I Wal I asse m b Iy
Energy Code Compliance?

e — performance and cost.

Framing Code Compliance

R-value R20 R13+5ci Both comply
U-factor (max. 0.060) 0.060 0.057 Both comply, but R13+5ci is more efficient (lower U-factor)
Air barrier Wrap w/tape FPIS w/tape Both comply

Water & Vapor Control Code Compliance?

Water-resistive barrier (WRB) Felt/Wrap/Other FPIS witape Both comply, FPIS w/tape higher performing (see Table 2)

Vapor Retarder Varies by climate Varies by climate FPIS has better water vapor performance (see Figure 2)

https://www.continuousinsulation.org/facts



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

Air Leakage Control (AB)

= 2021/2024 IECC-C Section e
C402.5/C402.6 (testing sometimes,
air barrier always)

= 2021/2024 IECC-R Section
R402.4/R402.5 (testing always, air
barrier always)

« See code for details for AB installation, test
methods (blower door), and maximum
leakage rates (cfm/ft2) or air-changes per
hour (ACH)

https://www.americanchemistry.com

NOTE: While mainly an energy code compliance
concern, air barriers also play an important role in
control of water vapor in coordination with IBC/IRC
vapor retarder provisions.



https://www.americanchemistry.com/industry-groups/spray-foam-coalition-sfc

FPIS ci1 & SPF as Alr Barriers

Air Barrier (AB)

Most foam sheathing products meet air barrier
material requirements (air permeability test)

— Check manufacturer data/label
IECC C402.5.1.3 lists “deemed-to-comply”
products, e.g.:
— FPIS (XPS and Polyiso of min ¥2" thick)
— cCcSPF of min. 1.5" thick and 1.5 pcf
density
— 0CSPF of min. 4.5" thick and 1.5 pcf
density

Key to good air barrier system is sealing of
joints, penetrations, and transitions.

Best practice is dual air barrier to encapsulate
air-permeable insulation (if used) — code only
requires on one side of insulation.

Single component/canister SPF is used as an
air sealant for joints & cracks (not insulation)

'_F 1 '_f"""zlrymllﬂ::luh'eu @lu=d or
& ;; gaskeled o ion plate
Exteriar sheathmip couifoesd

glised or gaskeied o op Rl

——— " |noEng

.;-.-— Toned ar sealed foinis n
maleriar shealling

1 Exberior sheathing cauled, glissg
| Il_.---'."’_"'d_ﬂd-'dr pesinebed o bolom nDiake

Tl —

=xterior sheathing co usosd
gieed or gaskeied bo fop pheie

Tepe or sewianl, oves joink
n eerior sheatning

§ T or sepied fomks
exterar sheatting

|

5

Y Exterior sheathing caufloesd, gluoesd
| #..-'-'T'__F.-.-'-Frﬂr pasketed b boftoen plahe

|
Metar Shsnen '
ORI M= NS
decin et alr Sow |I
mlprder syiemm

Exb=rar sheathing cawflo=d, glie=d
or peuceted to =8 plale

e =_— Sl pdai e resalled over S8 gaskes

l| Figure 3.| FPIS cl Installed as an alr barrder
exterior sheathing.




Rainwater Control

= Control of Water Intrusion

= 2024 IBC/IRC Water-resistive Barrier (WRB) requirements
= 2024 IBC/IRC Flashing requirements

= FPIS ci as WRB systems

= Spray foam as WRB




Control of Water Intrusion mﬁ?’ LV
|
= Rain water intrusion is often the primary A
factor associated with observed failure or L o
success of moisture control Ny
 Wind driven rain (WDR) is the primary hazard .SEVERE=31_5-m;mrwerI
= If rain water is not adequately controlled, Bl ™ e orwen s o
other control measures can be rendered Annual Average Wind Driven Rain Receipt (in/yr)
ineffective (air barriers, vapor retarders, (. nuusersovononicatonsrepons/ooerburabiy-by-Desian i

drying potential, etc.) |

[] Concept iS Simple: ‘ (rain intensity = 0.02 in/min)
Keep water out! : |

MPH

2-year precipitation less than 0.02 in gray- shaded areas

WDR Hazard Maps for US (2027 IBC/IRC Proposal)
(https://journals.ametsoc.org/view/journals/apme/62/7/JAMC-D- N
22-0156.1.xml) A I



https://journals.ametsoc.org/view/journals/apme/62/7/JAMC-D-22-0156.1.xml
https://journals.ametsoc.org/view/journals/apme/62/7/JAMC-D-22-0156.1.xml
http://www.huduser.gov/portal/publications/reports/Guide-Durability-by-Design.html

WRB & Flashing Code Requirements

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

— Flash all penetrations

the 2006 IBC/IRC) 4 {0 this level

= Code approved methods include:

Why? We finally learned that claddings
and windows leak.

No. 15 felt

Grade D paper
Various building wraps
Sheathing types (e.g., FPIS w/taped JTEE
joints)

ccSPF, fluid/spray WRB, etc.

https://www.drjengineering.org/drr/1205-05



https://www.drjengineering.org/drr/1205-05

WRB Performance Testing of FPIS WRB Systems

ABTG Research Report No. 1504-03
http://www.appliedbuildingtech.com/rr/1504-03

Water head test
after accelerated
aging of tape joint

' Foam WRB & Flashing

ASTM E331, 2hrs @ 6.24psf with 5gph/ft? spray
. Tape (3-yr exposure)

No. 15 Felt = 5-7min @ 2.86psf (code benchmark)

Comparison of water resistance tests for WRB materials

15# Felt Housewraps FPIS

Tape joints
Weathering v ' in-service
AATCC 127 3 - performance

(—15 years

Taped Joints ;
after install)

N S s

Full Assembly Water Penetration



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

IBC/IRC WRB Code Requirements

IBC 1403.2 /7 IRC R703.2 Water-resistive barrier. ...continuous...flashed... shall
comply with one of the following:

1. No. 15 felt complying with ASTM D226, Type 1.

2. ASTM E2556, Type | or IlI.

. Foam plastic insulating sheathing water-resistive barrier systems complying with Section 1402.2
and installed in accordance with manufacturer's installation instructions.
2024 4. ASTM E331 in accordance with Section 1402.2.

5. Other approved materials installed in accordance with the manufacturer’s installation
instructions.

Vapor Retarder — _

| |

_— Flash all paneirations

FPIS ci can be used as 1o this level

WRB, air barrier, and
means to control water
vapor (multifunctional)




IRC Flashing Requirements

R703.4 Flashing. Approved corrosion-resistant flashing shall be
applied in a manner to prevent entry of water ... shall be installed at
the following locations: (various listed)

R703.4.1 Flashing installation at exterior window and door
openings. Flashing at exterior window and door openings shall extend
to the surface of the exterior wall finish or to a water-resistive
barrier complying with Section 703.2 for subsequent drainage. Air
sealing shall be installed around all window and door openings on the
interior side of the rough opening gap. ... Flashing at exterior window
and door openings shall be installed in accordance with one or more of
the following:
1. The fenestration manufacturer’s installation and flashing
instructions, or for applications not addressed in the fenestration
manufacturer’s instructions, in accordance with the flashing or

water-resistive barriergnmanufacturer’s instructions. Where
flashing instructions or detal not provided, pan flashing shall

be installed ...

2. In accordance with the flashing design or m
registered design professional.

3. In accordance with other approved methods.

NEW in 2024 IRC

B

= = ==t

Step 4 Install window

Pan flashing is not required by code, except
in the absence of installation instructions
which are required by code. Huh?
Sometimes considered a best practice — but
only if good air sealing of rough opening.

ABTG




IBC Flashing Regquirements

2024 1BC Flashing provisions:

1404.4 Flashing. Flashing shall be installed in such a manner so as to prevent moisture from
entering the exterior wall or to 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 wall
intersections with roofs, ... etc.

1404.4.1 Fenestration flashing. Flashing of the fenestration to the wall assembly 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;

New in 2024 —
to match 2024 IRC

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

4. Other approved methods.

ABTG




Four WRB strategies with FPIS ci

FPIS-ci used as
the WRB

Separate WRB
layer applied
behind FPIS on
wall substrate

Separate WRB
layer applied over
FPIS and directly
behind cladding

Dual WRB: FPIS-ci
is used as the
primary WRB layer
with a separate
WRB layer applied
behind FPIS

System resistance to water penetration
(highest of all WRB criteria)

Simple flashing detailing when used with
flanged fenestration units (see STEP 3B).
Cost-effective (eliminates a separate WRB
material layer)

Can be used to effectively control water
vapor in coordination with vapor retarder
selection (STEP 3C)

Separate WRB layer is protected by
FPIS-ci.

With proper R-value of FPIS-ci, the
permeance of the WRB and sheathing is
less of a concern when coordinated with
interior vapor retarder selection (STEP
30).

With reservoir claddings like stucco or
adhered veneers the FPIS-ci layer
prevents inward vapor drives through
higher perm WRBs.

Easier to flash windows to WRB if window
flanges are placed flush with outside of
wall (on plane with FPIS-ci outer surface).
Not preferred location for WRB behind
stucco and adhered veneers which will
prevent drainage unless an additional
drainage layer or gap is provided
between the WRB and stucco.

Perhaps the most “fail-safe” installation.

Otherwise Pros are similar to Strategy #2.

1.

Only applies to FPIS-ci products that have
been tested and approved for WRB
application (refer to manufacturer code
compliance data - DrJ FSC report).

Must use manufacturer specified joint
sealing treatments (joint tapes and
adhered flashing)

Requires proper conditions for application
of joint sealing treatments.

Additional cost of WRB separate from
FPIS-ci

Potential for more complex and less
reliable flashing details at windows if
flanges are flush with FPIS-ci and back of
siding as usually detailed while WRB is
recessed from the flange (STEP 3B).

May need to use more expensive wrap to
create small gap for drainage behind
FPIS-ci.

Additional cost of WRB separate from
FPIS-ci

Difficulty attaching WRB layer through
FPIS-ci layer.

WRB should be higher perm than FPIS-ci
layer in cold climates or mixed climates.
WRB layer is not protected by FPIS-ci.
Added metal penetrations/thermal bridges
through FPIS-ci layer.

The most costly WRB installation.
Otherwise Cons are similar to Strategy #2.

Simplest and most efficient
solution uses FPIS ci as
WRB System

« Simplifies window flashing

for finned fenestration

Other strategies may be
necessary depending on
window location (inny vs.
outty window) and window,
cladding, and trim detailing




FPIS ci WRB Systems, Joint Tape, & Flashing

Also serves as air barrier.




Code-compliant FP1S WRB Systems

= Listing of code-compliant FPIS WRB
systems:

https://www.drjengineering.org/drr/1410-05

= Resources for use of FPIS ci as a WRB:
https://www.continuousinsulation.org/WRB

[

ENGINEERING .

DrJ Research Report
Report No: DRR 1410-05 [E] I:l] Issue Date: January 28, 2015

Revision Date: January 19, 2026

of

Foam Plastic Insulating Sheathing Products & Accessories Used as a Code
Compliant Water-Resistive Barrier (WRB) System

Trade Secret Report Holder:
Foam Sheathing Committee (FSC) Members

americanchemistry.com/industry-groupsifoam-sheathing-committee-fsc

continuousinsulation.org

CSl Designations:

DIVISION: 06 00 00 - WOOD. PLASTICS AND COMPOSITES DIVISEON: 07 00 00 - THERMAL AND MOISTURE PROTECTION
Section: 06 16 00 - Sheathing Section: 07 21 00 - Therma! Insulation

Section: 06 16 13 - Insulated Sheathing

Visit https://www.continuousinsulation.org/applications to access additional code compliance resources.



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

ANSI FS200.1 Standard for FPIS ci Applications

Scope
« Above-grade frame walls
« Labeling & Quality Assurance
« Wind resistance

*  WRB (water resistan)
apor Control

« Window installation
 Cladding installation

Addresses
« Performance criteria (design)
 Evaluation/testing criteria by application

* Prescriptive criteria (“cook-book” design and
installation)

Exclusions

« 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)

_’1'.' 6300 Enterprise Lane

v .| Madison, Wisconsin 53719

.«’.". o 60B8-310-6710
| 4

ABTG

Pph =g =]
Tachnology Group, LLE

ANSI/ABTG FS200.1 - 2022

Standard for Use of Foam Plastic Insulating
Sheathing (FPIS) in Building Envelopes:
Above-grade Walls

rican Natig,
oo e " St

https://www.appliedbuildingtech.com/standards
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Moisture Control for Frame Walls
Code Compliant Wall Detailing

QUIC
GUIDE | d

Foam Plastic Applications
fer Better Building

FIGURE KEY: @ structural Sheathing

i ¥ condmunis ssustion
= uiapoe rebander

AR = dit harmer
WaE = mabet ey
FFES = fomm peastic insulming aheathing
EIFS = exlentr insoletion & finih sysiem
CESRF = clesed-col sy fosn

e baies

mefal brace oplions not shown)

vapor are provided in Table RPO273)

Flashing (IRC Section R703.4)
Fleshing at siding transitions, fenes-

wemned siding (e.g., winyl).

In wall may vary] and kick-out to
extenior or cladding where regulred

For connectons through FRIS refer
also to IRC Section RP02.15.

or 2925,

Use codes below to access additional
resources designed to help support
proper impiementation of the code

compliance and best practice
Information ilestrated in this quide.

. Anchored Masonry Veneer [stone & brick)

1" wentilation and draining space required for i) an-
chored stone or brick veneer in all cliimate zopes [see
Section RT03.8).8

Alzo qualifies as venter dadding for use of Class Il VR
an walls withowt extenor ¢l per Table RTOZ T30

Alr Barrier [AB)
A continueous AB is used in all climate zones to achieve
required whole bulidiing alr-change-per-hour (ACH]
limits per energy code and fo protect wall from maoist
alr intrusion. The designated AB matenal iayer must
have joints, seams, gaps, intersections, and penetra-
tions sealed. AB material can be the WRE, the cl, the
structural sheathing, the ccSPF cavity insedation, the
VR, ar gypsum waliboard. Ary materal or combination
thereol must meet energy code requirements for AB
q . material properties (l.e., essentially air impermeable)
Recommended best praciice |s to provides A on both
E ! sldes of alr-permeable Insulation materials (Le. on
exterior and interor skdes of wall cavity) for impraved
thermal performance and moisiure control.

Chschk Gusde Librasy

Specify and install structural sheathing per IRC Chapter & where
uzed for wall racing. Examples include OSH. plywood, gypsum
sheathing, fiberboard, diagonal wood boards, etc. [Wood let-n and

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

Specify and install lap sidings per IRC Section B703. in Climate Zanes
A-8 where using a Class Wl interior VR, two options 10 control water

1) Without exderior ol —siding must be back-vented [e.g., furmed] or

[2} With exterior ol — siding net required fo be back-vented or vent-

tration, and other wall peneirations ed siding.

or detalls ndt shown; flashi to the B R i iR .
ck venting or veniad siding Is otherwise not require s a recom-

designated WRE layter (location oo 9 a 3

menoed best practice, especially in i motst or marine climate regions.

a3t Weeps, B0 . Stucco, Adhered Masonry Veneer, Cement Panel Siding, etc.
Cladding Connections Specify and install WRE per IRC Sectlon R70373. In Moist/Marine
(IRC Section R703.3): climate reghons, & minimum 316" drainege space |s required. See

drainage space |ocation aptions based on WRE location iDEEfflEde-
Attermative drainage methods Incude drainage mats, drain wizp, or
channeled back of FPIS with separate WRE on (s interor side. All alter-
natives must have minimum 80% drainage efficiency per ASTM EX273

T

AN

=

AN

C
SN

/

e R %

alnzhle EIFS cadding

malsr i stucco

{noi sk
end dramane betwesn o sub-
strate and WRE is always re-

W quwed per Section R7033 [bam-
H er EIFS = not permitied w RC)

¥ EE 11

“NOTE: Combina-

Sumimied o meet
Enefgy code.

. ‘Dmnod and cgaratod by the Appik q o s
. hmpﬂ:mm;;—m-gmﬂgmmuhm

@ water-Resistive Barrier (WRE)
Specify and instali 3 WRE In accordance with IRC Section R703 2. WRE material and location options
InClude:
(D Swrfare of FPIS WREB System wi taped jonts - FPIS suface used 25 WRB
£ Separate WRE behind ci - Any ci Insulation type not wsed as WRE
& Membrane (wrap). spray-applied, or WRE wall sheathing ino o}

. Drainage Space (locanon based on WRE option used)
Where required, located between dadding and WREB (see above). See requirements for resenvolr
cladaling types (beick, stcco, adhered venser, S0
Where not required, use as recommended best practice.

. Continuous Insulation (ci)*
Where used, of R-value must meet IRC Tahle RAO27(2) and Table RPG2.7(3) or (4) as applicabie based
on Climate Zone and the interior VR Class specified. The reguired minimum o R-values ensure ade-
guates temperature controd to prevent condensation and molsture accumulation within the wall Increas-
Ing ci R-valwes abowe code-minimums will further improve thermal performance and molsture control.
Where non-vapor permeable (< 5 perm) ol & used (e.g. FPES), It will mitigate inward vapor drive from
reservolr claddings (.., stucco, adhered veneer, brick, etc). For similar reasons, it is recommended
to use a moderate to low perm WRE |e.g., < 20 perm) behind a vapor permeable ol matenal:

@ cavity insulation*
M ceSPF = used at thickmess to achisve 15 perms or fess, the B-value can be combined with of
R-valuse to meet ¢l requirements of Tables R70:2 (3] or [4] to decrease the exterior of thickness!
R-vahue required, but ccSPF must stll be treated as cavity Insulation for energy code compliance,

. Interior Vapor Retarder (VR)
Use of & Class | Interlar VR {that (= not “smart”) in frame walls with 3 Class | exterior VR is nat
permitted without an approved design. Double vapor “bamiers™ should be avoloed,
An interiar vapor retarder s not required in Climate Zones 1, 2, and 3. Responsive ["smart”) Class |
or Il WRs are allowed on interior skde of any frame wall in all Climate Zones.
i el used or required: Specity VR per Table RPO27(2) in coortination with of and cawity Inswulation
Rovalwes per Tables RTOL(3) or (4] as applicable. Class M VR must be “sman” VR f o & FPIS (eg.
non-vapaor permeable). othenwise use Class il VR
i cl not used: Specify VR per Table RT02 72} with best practice recommendation to specify Class
I *smart” VR In Climate Zones 5-8 and Install 22 an air barres. Uses of & Class |11 VR withowt o ks nat
recommended even thouah permitted.

MOTES DN VAPOR RETARDER CLASSES AND RESPONSVE VAROR RETARDERS;

DISCELAIMER wire reasonnbiie effon hns oaen mece ko emumn the acciracy of the rdomatiar tha o
sunabiity and Lese ol tnes o -foe any o by ApoicEren & e esporsiousy of he s Whete wosed n ha Decgo &
buifchngs. the cesgn, Suitnbily and L= oaf fhes riarmition for sy padcider Bulidng s fie s porsiigy of fe Chicer o i
Owenoe's authonzed agent. The-niomalicn contaived homn i peosiced “m = ”

o o, searTng.

https://www.continuousinsulation.org/quick-quides

“Cheat Sheet”

Integrated,
Code-Compliant
Moisture Control

See Center Page in
Ci Resource Guide

T
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D. IBC/IRC Fenestration Installation Compliance

N Research Report

ABTG

Installation and Performance of Flanged
Fenestration Units Mounted on Walls
with Foam Plastic Insulating Sheathing

ABTG Research Report No. 2104-01

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

Report Written by:

Applied Building Technology Group, LLC
appliedbuildingtech.com

Final Report: April 7, 2021

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

Field Installation Experience
Installed Performance Testing

Recommended code-compliant
Installation instructions



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

Field Installation Experience with FPIS ci

Historically accepted practice (survey actual experience)
« Dating to the 1970’s (—50 years)

Typical builder experienced with FPIS ci:

« “We have been installing vinyl double pane windows over 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.”

Other sources indicate similar experience
Experience from Canada also imported to U.S.




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

Practice

ROUGH FRAMING

—— AIR BARRIER SEALANT
— BEDDING SEALANT UNDER FLANGE

WINDOW JAMB FRAME

SEALANT JOINT AND
BACKER RCD

FPIS WRB SYSTEM
FLASHING
CLADDING




Examples of

(> 1.5” thick FPIS ci)

Plywood window buck with

4"-thick FPIS ci

2x wood bucks also used
(especially for masonry/
concrete construction)

Lumber Window Buck

Rainscreen

Istorically Accepted Practice

FLANGED WINDOW

LLOSED CELL FOAM BACHER [~
RO AMD URETHAME
SEALANT AT WiNDOW | 1
SERIMETER (AR BARRIER) :
e

Zue SILL TRIM SUPFORT —_.\"*m.q
S(LL TRIM _—%\
Q

ACHYLIC LATEX SEALANT
ORYWALL ADHESINVE

2] LAYERS 2" FOIL-FACED
FOLYEBOCYANURATE

INSULATING SHEATHIMG
JOINTS STADGERED AMD
TAPRE COUITRR LAYHA IS
DRAINAGE PLANE

e STUD WALL WITH F GWR

bad WOHED FURRING STRIF

FIBER CEMENT SENG

PLASTIC GHIs
SLOPED S1LL (BEVELED SIDING)

PRE-MANUFALCTURED PAN
FLASHING WITH BACHK Dl

URETHANE SEALANT TO MINIMIZE
WATEH PENETHATION AT BILL JOWT
= ¢ PRE-AGSEMBLED PLYWOOD
EXTENS|DN BOX, COAT ALL BIDES OF
BOX WITH LIOUID-APPLIED VAPDR
PERMEABLE Wil TERPROOF NG
COATING, THEN INSTALL METAL
BRACKETES AT OUTSIDE CORNERS
PRITA TOINSTALLATION, SEAL
INTERIDR CORMERS WATH LIRETHANE
SEALBMT ONCE INBTALLED

S04 THIM

WREE VI ANE SEALANT (AW BARRIER)
COMTINUCLE FULLY-ADHERED

AlR BARRIER MEMBRANE OVER
BUAWDON SHEATHING, EXTEND

WINDOW SILL DETAIL

5% INTO ROUGH OPEMNG

1 SCALE: 3= v0'

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

NOTE: For Type I-1V construction (IBC),

the window-wall interface also must
comply with NFPA 285 tested assembly
and engineering analysis.

Picture Frame



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

Example of “Inny”
Window Install

= For any thickness of FPIS

= For block frame and finned
windows

= Can be used for new or retrofit
(re-siding with added ci)
» Requires use of separate WRB

behind FPIS ci flashed to window
trim extension (or window fin)




Installed Performance Testing

= ~150 tests on —30 wall assembly specimens by two
Independent sources (HIRL & CBI) funded by DOE and
ACC/FSC

» Integrally-flanged window types (SH, DH, C, and HS;
vinyl and wood frames; single and mulled; openings up
to 6-ft wide; 30 to 400 |Ib window unit weight)

= Three FPIS types (XPS, EPS, and PIR), 1" and 2" thick,
and 15 and 25 psi compressive resistance

= FPIS WRB systems installed and flashed per
manufacturers’ specifications

=  FGIA/AAMA TIR-504-2020 fenestration installation
evaluation method: air leakage = water resistance =
thermal cycling = design pressure = repeat water test
=» structural pressure

» 6-month sustained load/creep tests also conducted




Recommended Installation Instructions

Q U IGK WINDOW INSTALLATION INSTRUCTIONS FOR
GU' DE WALLS WITH CONTINUOUS INSULATION:
Integral Nail-Flange Windows on Walls with Maximum

Hariliraisssaiatll | 1V2"-Thick Foam Plastic Insulating Sheathing (FPIS)

IMPORTANT! READ ALL INSTRUCTIONS BEFORE BEGINNING INSTALLATION

STEP +: KNOW YOUR RESPONSIBILITIES

STEP 2: BEFORE YOU INSTALL THE WINDOW

SPECIAL

st than 1 arf thet specia fitior
CONDITIONS & ADDITIOMNAL RESOURCES

STEP 3: INSTALLING THE WINDOW

DO NOT & b

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

For FPIS of minimum 15 psi compression resistance
and maximum 1.5" thickness:
e 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

For any type and thickness of FPIS:
Option to use an “inny” window install

If window manufacturer instructions address
the specific application with FPIS, use those
Instructions.

ABT
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ANSI FS200.1 Standard for FPIS ci Applications

Scope
« Above-grade frame walls
« Labeling & Quality Assurance
 Wind resistance
« WRB (water resistance)
 Vapor_Control
« _Window installation >
 Cladding installation
Addresses
« Performance criteria (design)
 Evaluation/testing criteria by application
» Prescriptive criteria (“cook-book” design
and installation)

Exclusions

« Refer to locally applicable code for fire safety

requirements

(e.g., IBC Chapter 14 and 26; IRC Section R303)

e Use FPIS manufacturer data to demonstrate
compliance (ASTM E84, ASTM E119, NFPA 285,

etc. — as applicable)

_’1'.' 6300 Enterprise Lane
v .| Madison, Wisconsin 53719
Ry 608-310-6710
I]I. y
Je"

4
Applied Building
Technology Group, LLC

ANSI/ABTG FS200.1 - 2022

Standard for Use of Foam Plastic Insulating
Sheathing (FPIS) in Building Envelopes:
Above-grade Walls

rican Natig,
oo e " St

https://www.appliedbuildingtech.com/standards
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E. IBC/IRC — FPIS Wind Pressure Compliance

= IBC/IRC wind pressure requirements for exterior wall coverings
= IBC/IRC wind resistance requirements for FPIS

=  FPIS wind pressure testing

* FPIS wind pressure design values & application




IBC/IRC WIind Resistance Reguirements

R703.1.2 Wind resistance. Wall coverings, backing
materials and their attachments shall be capable of
resisting wind loads in accordance with Tables
R301.2.1(1) and R301.2.1(2). Wind-pressure
resistance of the siding, soffit and backing materials
shall be determined by ASTM E330 or other applicable
standard test methods. Where wind-pressure
resistance is determined by design analysis, data from
approved design standards and analysis conforming to
generally accepted engineering practice shall be used
to evaluate the siding, soffit and backing material and
its fastening. All applicable failure modes including
bending rupture of siding, fastener withdrawal

and fastener head pull-through shall be considered in
the testing or design analysis. Where the wall
covering, soffit and backing material resist wind load
as an assembly, use of the design capacity of the
assembly shall be permitted.

1402.3 Structural. Exterior walls, and the
associated openings, shall be designed and
constructed to resist safely the superimposed
loads required by Chapter 16.

NOTE: This IRC code provision was added to
ensure all sheathing materials, claddings, and
exterior wall covering products and assemblies
have required wind resistance.




Why iIs this important?

All wall coverings or sheathings are subject to wind damage if not properly
qualified, designed, specified, and installed.

Wood structural panels

Fiber board

Foam sheathing

Etc....




IBC/IRC Wind Resistance
Requirements for FPIS

R316.8 Wind resistance. Foam plastic insulation complying
with ASTM C578 and ASTM C1289 and used as exterior

wall sheathing on framed wall assemblies shall comply with
ANSI/Z/ABTG FS 100 for wind pressure resistance unless installed
directly over a sheathing material that is separately capable

of resisting the wind load or otherwise exempted from the

scope of ANSI/ABTG FS 100.

2603.10 Wind resistance. Foam plastic insulation

complying with ASTM C578 and ASTM C1289 and used as
exterior wall sheathing on framed wall assemblies shall

comply with ANSIZABTG FS 100 for wind pressure resistance.

6300 Enterprise Lane
d‘i Madison, Wisconsin 53718
4 d B08-310-6710
;

ABTG

Applied Building
Technology Group, LLC

ANSI/ABTG FS 100-2012 (R2018)

Standard Requirements for Wind Pressure
Resistance of Foam Plastic Insulating Sheathing
Used in Exterior Wall Covering Assemblies

[formerly ANSI/SBCA FS 100-2012 (R2018)]

Approved American National Standard
October 2018

https://www.appliedbuildingtech.com/standards
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FPIS Wind Pressure & Bending Tests

= Test Program:

« 6 manufacturers

« Three foam types
 Multiple thicknesses

« 16" and 24" stud spacing

Also confirmed in full-scale whole building wind tunnel tests

Data served as basis for developing the FS100 standard
referenced in IBC/IRC (similar to DOC PS2 standard for OSB)

Manufacturer’s individually test to FS100 standard by approved
agency and report design wind pressure data for code-compliance




Results — siding removed, only FPIS on exterior

IBHS wind tunnel test

(Photo courtesy of Dave Johnston)

Foam sheathing and taped WRB joints survived
exposure to hurricane force winds with no
damage (even with siding removed)




Application of FPIS Design Wind Pressure

= Applies only when foam sheathing is applied as the sole exterior sheathing
layer spanning open wall cavities between framing.

It must resist out-of-plane components & cladding wind load in this application like any
other exterior sheathing.

= Not applicable when FPIS is used as under- or over-sheathing with another
structural sheathing material separately attached to resist wind load.

= Typically, cladding attachments secure and supplement FPIS installation
fasteners.

« FPIS fasteners can be designed to resist wind load independently (using large structural
plastic cap washers, metal wind-lock washers, or furring/battens).

= Must refer to manufacturer-specific code compliance data/report.




Example FPIS Wind Pressure Design Values

Example approved agency data for an FPIS product tested and evaluated In
accordance with the FS100 standard.

Load Values
Specimen Lot # Max Yield Allowable Design Wind ASCE 7-05 ASCE 7-10
Load Load Pressure Resistance | Basic Wind Speed | Basic Wind Speed
(psf) (psf) (psf) (mph) (mph)
65.8 38.7 387
" 68.7 N/A 458
1" Greenguard 1 \y350G1 125 160
Insulated Board 108.9 59 6 59 6
66.7 384 384
Load Values
Specimen Lot # Max Yield Allowable Design Wind fASC‘E 7-05 ASC_E 7-10
Load Load Pressure Resistance Basic Wind Speed | Basic Wind Speed
(psf) (psf) (psf) (mph) (mph)
109.0 69.7 69.7
2" Greenguard {14000 [ 1002 | 537 53.7 145 180
Insulated Board
106.1 67.7 67.7




F. IBC/IRC Cladding Attachment Compliance

» Performance Research & Testing
= |IBC/IRC Prescriptive Solutions
= Design Procedure for Cladding and Structural Connections Through FPIS




Performance Research & Testing

Ny Research Report
ABTG Basis for prescriptive requirements in:
= Section 2603, International Building
Attachment of Exterior Wall Coverings Through Code (lBC) — 2015 through 2024 editions
Fnamt: Liﬁj;‘;';fﬁﬁ;’}?,,ﬁﬁ“;::mE‘FF'S‘ « Moved into Chapter 14 Section 1404.5
in 2024 1BC

ABTG Research Report No. 1503-02

= Section R703.15/.16/.17,
International Residential Code (IRC) —
2015 through 2024 editions

= [S200.1-2022 standard, Section 4

 Also includes design procedure

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

Report Written by:

Applied Building Technolegy Group, LLC
edtuild]

Report Date:

Final Report: March 27, 2015

Updated: May 20, 2019 |




Performance Research & Testing

Collaborative research
« FSC, NYSERDA, SFA, BSC for DOE/BA,

Newport Partners, ARES/ABTG, etc.

= EXxtensive testing effort

 Siding and furring connections

« FPIS (up to 4" thick)

« Wood and steel framing

« Commodity nails, screws, and lags

= Developed design method consistent
with NDS and AISI standards
« DESIGN GOAL: Limit short-term deflection to
0.015" maximum and stabilized creep
= Support: _
 Solutions added to 2015 IBC/IRC Long term Tests — in Lab & Exposed
 Proprietary fastener innovations

« Used in various cladding and fastener
manufacturer installation instructions

A




IBC/IRC Prescriptive Solutions

QU'GK CLADDING CONNECTIONS to Steel Frame Walls
. with Foam Plastic Insulating Sheathing (FPIS)

GUIDE Continuous Insulation (ci)

Foam Plastic Applications
for Better Bullding

STEP 4: COMPLY WITH ENERGY CODE CONTINUOUS INSULATION REQUIREMENTS

Continuous insulatio

framing as shawn in Figu
nergy code’s definition of

Continuous Insulation () 15 defined In the International Energy

Conservation Code (IECC) and ASHRAE 9011 Standard as “insulation
Sunel wallatud, that Is uncompressed and continuous across all siructral members
Wil oG] without thermal bridges other than fasteners and service ocpenings”

minimize thermal bridging

ng cladding installations, fike

prascriptive R-val
nergy code comp
esult in more than ju

Heat flow
thraugh siud

Caniity nsulation
anly

Stevel wall stud
Iwiith ci thermal break)

Clad ditsg
{Beicik Vienaar
Shawn)

Heat fow Figure 2. Three examples of cladding and FPIS

through stud i nstallstion on stesl frame wall sssemblies b '
mitigate themmal bridging and comply with the
i definition.

Cavity insulation

cominuous insudation
{FPIS i)

Thermal bridging in steel framed wall with covity insulation and
toam plastic insulating sheathing (FPES) continuous insulation (ci).

s without compressing the
Figure L lilustration of FPIS o used to minimize thermal bridging . S re ad thermal

hrough sieel framing.

https://www.continuousinsulation.org/cladding-connections

Prescriptive “Quick Guide” for code compliance

Applications for wood and steel framed walls:
« Direct Cladding Attachment through FPIS ci
 Furring Attachment through FPIS ci

« Cladding Attachment through FPIS ci to a Wood
Structural Panel Substrate

Not required for separately supported cladding

(e.g., anchored masonry veneer)
 Best practice: use thermally efficient brick ties

T



https://www.continuousinsulation.org/cladding-connections

Code Prescriptive Solutions

General Requirements:

FPIS minimum 15 psi compressive strength; compliant with ASTM
C578 or C1289

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/compress

Connections to masonry/concrete must be approved by alternate
means (often proprietary fasteners are used)




Code Prescriptive Solutions

(Wood Wall Framing)

(b2) {b1)
{a) \1’ \_/\L -

{ﬂ)\ (|

[l bk
S | Tk [ —_— ———— —————

e ISR

EPtan View = Direct Cladding Attachment Through FPIS to Weood Stud {see Table 1)

A ASAN —

/m

R e I T e T —"‘.—_;I*—].' lJ—— =S e e —'———':e.-" {ﬂl

Ecraddlng Attachment Through Vertical Furring (Wood Shown) Parallel to Wood Studs ({see Table 2)

KEY:
(a) Cladding

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

(b2} Fastener (Cladding to
Stud) per Tahle

(b3) Fastener (FPIS to Stud)
per FPIS manufacturer

(bd) Fastener (Furring to Stud)
per Tabla

(b5} Fastenar
(Cladding to Furring)

(€) Wood Furring
(d] FPIS

(&) Framing

(f) Cavity Insulation
(g) Wall Finish

MNOTE: Where fumring is used, it
may be oriented horizontally or
vertically as noted in Table 2

Applications 1 and 2:
 Direct cladding attachment
« Wood furring attachment

Requirements vary by cladding weight

Typical cladding materials included in the weight
classes listed in Tables 1, 2, and 3 are as follows
(verify with cladding manufacturer data):’

» 3 psf — e.g., wood lap and panel siding, viny|
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




Code Prescriptive Solutions

Table 1. Siding Minimum Fastening Requirements to Wood Framing for Direct Cladding Attachment Over FPIS to Support Cladding System Weight =

CLADDING Fsiding FSiding MAXIMUM THICKNESS OF FPIS (IN.) ] App“catlon 1 _
astener astener " . . " . :
FASTENER 3 16" o.c. Fastener Horizontal Spacing 24" o.c. Fastener Horizontal Spacing - -
Type & Vertical DlreCt Cladd|ng
THROUGH Mt e Spacin CLADDING SYSTEM WEIGHT CLADDING SYSTEM WEIGHT
FPIS INTO: i Attach t
Size (in.) acnmen
Nail (013" Foam Sheathlng
M;réar:c: A 8 2.00 1.00 DR DR 2.00 0.55 DR DR h k | ]
" hea
: 3.00 1.05 0.50 DR based on:
Nail (0.120"
FWoc.nd D_z.;r?:l:ad} 8 3.00 1.20 0.60 DR 3.00 070 DR DR . Nail size & Spacing
ranng 215 DR DR DR Claddi ight
minimum [ ]
( 1" 4.00 135 070 DR adding weig
Nail (0.131" .
LT shank; 8 4.00 155 0.80 DR 4.00 0.90 DR DR Same as Cladd|ng
0.281" head
e 12 4.00 0.90 DR DR 270 0.50 DR DR connection table
16d Nail 6 4.00 355 2.05 140 4.00 225 125 0.80 .
o 8 4.00 255 145 095 4.00 1.60 0.85 0.50 in IBC/IRC for
0:344" hiaad) 12 4.00 1.60 0.85 050 4.00 0.95 DR DR attachment to

For SI: 1" = 25.4 mm; 1 pound per square foot [psf] = 0.0479 kPa exceed ASTM F1667 standard lengths. Fasteners of equivalent or greater diameter and
1 Table values are based on wood framing of Spruce-Pine-Fir or any wood species with a bending strength shall be permitted.
specific gravity of 0.42 or greater in accordance with NDS. Required fastener minimum pen- 3. FPIS shall have a minimum compressive strength of 15 psi in accordance with ASTM
etration shall be permitted to include thickness of wood structural panel sheathing materials. C578 or ASTM C1289.
2. Nail fasteners shall comply with ASTM FI667, except nail | ength shall be permitted to 4. DR = Design Required

wood framing




Code Prescriptive Solutions

Table 2. Furring Minimum Fastening Requirements to Wood Framing for Application Over FPIS to Support Cladding System Weight *#3458

Minimum MAXIMUM THICKNESS OF FPIS (IN.)
Fastener Penetration LASARGE . .
FURRING | Framing g Spacing 16" o.c. Furring 24" o.c. Furring
Type & into Wall . :
MATERIAL Member . " .. : in Furring  CLADDING SYSTEM WEIGHT CLADDING SYSTEM WEIGHT
Min. Size Framing (in)
(in.) 2
Nail (0.120" 8 3.00 1.85 1.05 0.65 3.00 1.20 0.60 DR
e " 12 300 | 120 [ 060 | bR [ 300 | 070 | pr | DR
head 16 3.00 | 080 DR DR 2.30 DR DR DR
Nail (0131" 8 4.00 2.45 1.45 0.95 4.00 160 0.85 DR
it 1%" 12 400 | 160 | 085 | DR 400 | 095 | DR DR
head 16 4.00 110 DR DR 3.05 0.60 DR DR
Min. Min. 16d Nail 8 400 | 4.00 2.45 160 4.00 275 1.45 0.85
1x3 2x (0162"
shank: 1" 12 4.00 275 1.45 0.85 4.00 165 075 DR
Wood Wood 0.3448"
Furring Stud head) 16 4,00 1.90 0.95 DR 4.00 1.05 DR DR
#10 wood 12 400 | 230 1.20 070 4.00 140 0.60 DR
sScrew
ass " 16 4.00 165 0.75 DR 4.00 0.90 DR DR
head) 24 400 | 090 DR DR 2.85 DR DR DR
12 4,00 265 1.50 0.90 4.00 165 0.80 DR
%" hex -
i, 12 16 4,00 1.95 0.95 | 050 4.00 110 DR DR
24 4,00 110 DR DR 3.25 0.50 DR DR
For 51: 1" = 25.4 mm, 1 pound per square foot [psf] = 0.0479 kPa withdrawal strength, allowing the siding connection to be made to a 1x wood furring.
4. Furring shall be spaced a maximum of 24" o.c. in a vertical or horizantal orientation.

1. Table values are based on wood framing and furring of Spruce-Pine-Fir or any wood
species with a specific gravity of 0.42 or greater In accordance with NDS.

2. Mail fasteners shall comply with ASTM F1667, except nail length shall be permitted to ex-
ceed ASTM FI667 standard lengths. Wood serews and lag screws shall comply with NDS
Appendix L and ANSI/ASME B18.6.1. Other approved fasteners of equivalent or greater di-
ameter and bending strength shall be permitted. Required fastener minimum penetration

shall be permitted to include thickness of wood structural panel sheathing materials.

3. Aminimum 2x wood furring shall be used where the required siding fastener penetration

into wood material exceeds 3" (191 mm) and is not more than 12" (381 mm), unless
approved deformed shank siding nails or siding screws are used to provide equivalent

B

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

b. In a harizontal orientation, furring shall be fastened at each stud with a number of fas-

teners equivalent to that required by the fastener spacing. If the required nail spacing
is 12" o.c. and the studs are 24" o.c.. then two (2) nails would be required at each stud
(24/12=2). In no case shall fasteners be spaced more than 24" (0.6 m) apart.
FPIS shall have a minimum compressive strength of 15 psi, In accordance with ASTM
C578 or ASTM C1289.

6. DR = Design Required

Application 2 — Wood
furring attachment

Wood screws and lag
screws also included

Same as furring
connection table in
IBC/IRC for
attachment to wood
framing




Code Prescriptive Solutions

KEY:
{a) Cladding
(b1) Fastener (WSP to Stud) per code

{b2) Fastener (FPIS to Stud or WSP)
per FPIS manufacturer

{b3) Fastener, Nail or Screw (Cladding to
WSP) per Table 3

(c) WSP

(d) FPIS

(e) Framing

(f) Cavity Insulation
B (9) {g) Wall Finish

TIIAE

Figure 4. |llustration of light-weight cladding (<3 psf) attachment through maximum 2°-thick FPIS
to minimum 7/16"-thick wood structural panel (WSP) sheathing.

Table 3. Light-weight Cladding (=3 psf) Minimum Fastening Requirements for Attachment Through
Maximum 2"-thick FPIS te Minimum 7/16"-thick Wood Structural Pane| 22

HORIZONTAL SPACING
R TS a LR FASTENGY OF FASTENERS ALONG SIDING
Roof sheathing ring shank nail 12" oc
(020" min. shank; 0.281" head)
Post frame ring shank nail 15" oc
(0148" min. shank; 5/16" head)
No. 6 screw 12" oc
(0138" min. shank; 0.262" head)
No. 8 screw 16" oc
(0.164" min. shank; 0.312" head)

For SI: 1" = 25.4 mm

1. Haorizontal 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 (l.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 weod
structural panel sheathing.

Application 3 — Attachment to
wood structural panel
sheathing (not to studs)

 Limited to light-weight cladding
(3psf or less)

 Limited to max. 2" thick FPIS
(min. 15 psi)
e Limited to max -30 psf wind load
(per scope of IRC)
Same as Table R703.3.3 in IRC

for cladding connection to WSP




Prescriptive Solutions

(CFS Wall Framing)

(b1) (b2)
(a) NEE £ \\‘®r/

— e — (0)

S SIS

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

e o

KEY:
(a) Cladding

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

(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)

(67} 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
(d) FPIS
(e) Framing
(f) Cavity Insulation
(g) Wall Finish

E Cladding Attachment Through Vertical Furring (Wood Shown) Parallel to CFS Studs (see Table 2)

@) N (b8) \\*__( - (b7) g
B 3 s J
LA

Cross section of
Hat Channel

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

Cladding Attachment Through Herizontal Furring (CFS Hat Channel Shown) Perpendicular to CFS Studs (see Table 2)

Applications 1 and 2:
 Direct cladding attachment
« Wood or steel furring attachment

Requirements vary by cladding
weight

Typical cladding materials included in the weight
classes listed in Tables 1, 2, and 3 are as follows
(verify with cladding manufacturer data):’

» 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




Prescriptive Solutions

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

CLADDING Siding Siding MAXIMUM THICKNESS OF FPIS (IN.)
FASTEMNER F_?Ete":r 'T:'st':"elr 16" o.c. Fastener Horizontal Spacing 24" o.c. Fastener Horizontal Spacing
Vpe ertica
THROUGH Minimurm Spaci CLADDING SYSTEM WEIGHT CLADDING SYSTEM WEIGHT
pacing
FPIS INTO: : y
Size {in.)
#8 screw
(0.285"
hedd) o 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
{;T?;:Z?n #10 screw 6 4.00 350 270 195 4.00 2.90 170 0.55
n:traﬁnn {0333
e head) 8 4.00 310 205 100 4.00 225 070 DR
of steel :
- into 33
thickness - i
+3 T stee 12 4.00 2.25 070 DR 370 105 DR DR
threads)
#10 screw 6 400 4.00 4.00 3.60 4.00 4.00 345 270
(0.333"
head) into 8 4.00 4.00 370 3.00 4.00 385 280 180
43 mil
steel or
thicker 4.00 3.05 1.50 DR

For 511" =254 mm; 1 pound per square foot [psf] = 0.0479 kPa
1. Tabulated values are based on minimum 33 ksi steel for 33 mil and £3 mil steel

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

3. FPIS =shall have a minimum compressive strength of 15 psiin
accordance with ASTM C57B or ASTM C1289.

4. DR = De=zign Required

Application 1 —
Direct Cladding

Attachment

Foam sheathing
thickness limit

based on:
« Framing
thickness

e« Screw size
« Screw spacing

 Cladding weight

Same as cladding
connection table

to steel framing
in IBC/IRC

A




Prescriptive Solutions

Table 2. Furring Minimum Fastening Requirements to Cold-formed Steel Framing for Application Qver FPIS to Support Cladding System Weight 12342
MAXIMUM THICKNESS OF FPIS (IN.)

Minimum

ERavanatd P trati Fastener
FURRING | Framing :ypen&r ?:ti :;E::" Spacing 16" o.c. Furring 24" o.c. Furring A I _ t_ 2
T H | —_—
Mallll L l:il::r)mg CLADDING SYSTEM WEIGHT CLADDING SYSTEM WEIGHT pplication
(in) Wood or steel
12 300 | 180 | DR DR 300 | 065 | DR DR -
#8screw | Steel furring attachment
33mil | (0.285" | thickness 16 300 | 100 | DR DR 285 | DR DR DR
Coid-" || “heac)” | Ao et ey 285 | DR | DR | DR § 220 | DR | DR DR = Same as furring
formed . .
W steel sf::w iaki 12 400 | 225 | 070 | DR 370 | 105 DR DR connection table in
- Stud thick 16 385 | 145 DR DR 3.40 DR DR DR
33mil ", ICKNness ; : ¥
Rl (asze LR IBC/IRC for steel
head) 24 340 | DR DR DR 270 DR DR DR f :
Channel or ramin g
PR [ seion IR 12 300 | 180 | DR DR 300 | 065 | DR DR
1x3 Wood 4?‘_“": or| (0.285" | thickness 16 300 | 100 | DR DR 2.85 DR DR DR
Furring thicker 5
odkae | Teodl PSRl Bag 285 | bR | bR | bR | 220 | DR DR DR
formed #10 12 400 | 385 | 280 | 180 J 400 | 305 | 150 DR
Steel
Steel screw
Stud | (0333 | thickness 16 400 | 330 | 195 | 060 | 400 | 225 | DR DR
fiond)) | s 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, 1%4" (32 mm) web width, and 12" (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.
3. Furring shall be spaced a maximum of 24" o.c. in a vertical or horizontal orientation.

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 C12889.

5. DR = Design Required




Prescriptive Solutions

KEY:
(b3) .
= (a) Cladding
‘f ‘L' — ) (b1) Fastener (WSP to Stud) per code
I -FI (b2) Fastener (FPIS to Stud or WSP)
!3 per FPIS manufacturer
e —;:r- s (b3) Fastener (Cladding to WSP — nail

or screw) per Table 3
/ o {c) WSP
(d) FPIS
(e) Framing
H (f) Cavity Insulation
eliip T (g) Wall Finish

Figure 4. lllustration of light-weight cladding (<3 psf) attachment through maximum
2"-thick FPIS to minimum 7/16"-thick wood structural panel (WSP) sheathing.

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

EANDSHEDERSSTENER 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
(0138" min. shank; 0.262" head)
No. 8 screw 16" oc
(0.164" min. shank; 0.312" head)

For S 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 4" beyond the back side of the wood

Application 3 —
Attachment to wood
structural panel
sheathing (not to studs)
 Limited to light-weight
cladding (3psf or less)
« Limited to max. 2" thick FPIS
(min. 15 psi)
 Limited to max -30 psf wind
load (per scope of IRC)
Same as cladding
connection table in IRC

for attachment to WSP




Design Procedure (CFS wall framing)

Design of connections through FPIS to cold-formed Steel
(ANSI/ABTG FS200.1, Sect. 4)

Tension allowable design values: Follows same procedure in AISI S100 for screw withdrawal
capacity (Just use longer screws to accommodate FPIS thickness)

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

e For #10 screw in 54mil and 50 ksi steel: Gr=0.17 — 0.0048 r
e For #10 screw in 43mil and 33 ksi steel: Gr =0.19 — 0.0066 r
e 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 O<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/¢" thick wood or wood-based material with specific gravity of 0.42 or greater.

* Material in the gap must be minimum 15psi FPIS.




Design Procedure
(Wood Wall Framing)

Design of connections through FPIS to wood framing
(ANSI/ABTG FS200.1, Sect. 4)
Tension allowable design values: Follows same procedure in NDS Section 12.2

for nail/screw fastener withdrawal capacity (Just use longer fasteners to
accommodate FPIS thickness)

Shear allowable design values: Follows the same procedure in NDS Section
12.3, but modifies as follows based on test program:

Shear reduction term, Rd, shall not be less than 3.0.

Use yield limit equations with “gap” parameter per AWC/TR12 Table 1-1 with g = thickness of
FPIS

Minimum fastener penetration in wood of 1-inch for screws and 1% inches for nails.
Minimum wood specific gravity (density) of 0.42
Material in the gap must be minimum 15psi FPIS




ConﬂeCtion DeSign Procedure Applications FIBER CEMENT SIDING

Example Applications:

Cladding and furring connections using
alternative fasteners through FPIS ci

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 (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)

1xd FURRING STRIP ATTACHED
TOOWALL FRAMING

SEE 4/A-508 FOR FLASHING DETAIL

2412 LEDGER BOARD ATTACHED THROUGH
IMSULATING SHEATHING TO FRAM|MNG

(2) LAYERS OF FO|L-FACED

POLY|SOCYANURATE RIGID

[INSULATION, JOINTS STAGGERED;

JOINTS ON OUTER LAYER TAPED
e

¥ PLYWOOD COVERED
WITH CONTINUOUS FULLY
ADHERED AIR BARRIER

MEMBRAMNE

xG LEDGER BOARD ATTACHED
THEOLIEH NS ATIMG

i

M DM

i — SHEATHING TO FRAMING 1'?::5 ;
= "y BISE e 3

/ 10" | || “— 246 LEDGER | ==
/ i BOARD BEADBOARD / = | B
_f,,,,/ g 1" % B-3/4" TRIM BOARD _/ E:: i
_fﬁ,_,’ FIBER CEMENT SIDING ——— | o8
R - 13%4 FURRING STRIP ATTACHED % |

TO WALL FRAMING
6 FRONT PORCH ROQOF DETAIL
SCALE: 3" =110¢

https://www.nist.gov/el/net-zero-energy-residential-test-facility/project-details

A



https://www.nist.gov/el/net-zero-energy-residential-test-facility/project-details

EXTERIOR

g LA / e I
CLADDING PANEL/SYSTEM, H. E AT LA
EXCLUDED FROM PCR ] FerF F S
%) s 4 Fd|
¥ P F
W' T i i o 4
WATER RESISTIVE BARRIER, d /7 A
EXCLUDED FROM PCR ~ | v S A 1
EXTERIOR INSULATION W Aot
101.6 mm (4 INCHES), S
EXCLUDED FROM PCR : /Z /1

CLIP, BRACKET OR SPACER
ONE (1) PER 609.6 mm

vy o
{24 INCH) LENGTH 1P . OB AW
iy ., F

PANEL ATTACHMENT CLIPS, _//
CLEATS, ETC. EXCLUDED
FROM PCR

ALL FASTENERS
EXCLUDED FROM PCR

CONTINUOUS LINEAR ELEMENT,
609.6 mm (24 INCHES)

LONG SEGMENT —

{RAIL, GIRT OR CHANNEL)

SUBSTRATE OR BACK-UP WALL, ___~1
EXCLUDED FROM PCR

http://www.sustainableminds.com/files/transparency/pgds/Part_B_Product_Group

Definition_Cladding_Support_Components_and_Systems_10312022.pdf

Other Designhed or
Manufacturer-Provided Detalls

= Clip and rail systems for rainscreen
cladding and ci

« Much better thermal performance than metal
furring thermal bridge completely through ci

 But, still does not comply with ci definition

« Must account for thermal bridge effect of
furring and clip

« Refer to manufacturer specifications, shop
drawings, or design details on approved plans
= Remember to check NFPA 285 compliance
If used on Type I-1V buildings!



http://www.sustainableminds.com/files/transparency/pgds/Part_B_Product_Group_Definition_Cladding_Support_Components_and_Systems_10312022.pdf
http://www.sustainableminds.com/files/transparency/pgds/Part_B_Product_Group_Definition_Cladding_Support_Components_and_Systems_10312022.pdf

ANSI FS200.1 Standard for FPIS ci Applications

Scope

Above-grade frame walls
Labeling & Quality Assurance
Wind resistance

WRB (water resistance)
Vapor Control

Window installation

CCladding installation >

Addresses

Performance criteria (design)
Evaluation/testing criteria by application
Prescriptive criteria (“cook-book” design and installation)

Exclusions

Refer to locally applicable code for fire safety
requirements (e.g., IBC Chapter 14 and 26;
IRC Section R303)

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

_’1'.' 6300 Enterprise Lane

v .| Madisan, Wisconsin 53719

N 608-310-6710
| 4

| 4
Applied Building
Tachrnology Group, LLE

ANSI/ABTG FS200.1 - 2022

Standard for Use of Foam Plastic Insulating
Sheathing (FPIS) in Building Envelopes:
Above-grade Walls

rican Natjg,
uiw.ﬁ e "'Ws,%

https://www.appliedbuildingtech.com/standards



https://www.appliedbuildingtech.com/standards

G. IBC/IRC — Vinyl siding installation over FPIS

= Performance Testing & Research
= |IBC/IRC Code Requirements
=  QuickGuide




Performance Testing & Research

State-of-art testing program

Worked with FSC/ACC, IBHS, NAHB, VSI,
DOE, HIRL, and AWC

Informed development of ANSI/ABTG
FS100 Standard for wind resistance of
foam sheathing

Also resulted new code requirements for
vinyl siding wind pressure rating when
installed on walls with foam sheathing as
the sole exterior sheathing, and not
separately fastened to resist full design
wind load per FS100 standard

Addresses the case where vinyl and
foam sheathing acts as a wind-resistant
exterior “wall covering assembly”

per IRC R703.1.2

ABTG




IRC Code Requirements

Use vinyl siding wind load design
pressure rating per Table R703.11.2

Exceptions!

« Where FPIS is not the sole exterior
sheathing (separate sheathing applied
as over- or under-sheathing)

« Where vinyl siding manufacturer data is
specific for application over FPIS

Proposal to add similar provisions to
2027 IBC currently approved.

R703.11.2 Imstallation over foam plastic sheathing.
Where vinyl siding or insulated vinyl siding 1s installed
over foam plastic sheathing, the vinyl siding shall comply
with Section R703.11 and shall have a wind load design
pressure rating in accordance with Table R703.11.2.

Exceptions:

1.

()

Where the foam plastic sheathing 1s applied
directly over wood structural panels, fiber-
board, gypsum sheathing or other approved
backing capable of independently resisting the
design wind pressure, the vinyl siding shall be
installed 1n accordance with Sections R703.3.3
and R703.11.1.

Where the vinyl siding manufacturer’s product
specifications provide an approved wind load
design pressure rating for installation over
foam plastic sheathing, use of this wind load




IRC Code Reqguirements (also added to 2027 IBC)

TABLE R703.11.2
REQUIRED MINIMUM WIND LOAD DESIGN PRESSURE RATING FOR
VINYL SIDING INSTALLED OVER FOAM PLASTIC SHEATHING ALONE

ADJUSTED MINIMUM DESIGN WIND PRESSURE (ASD) (PSF)®
ULTIMATE DESIGN WIND SPEED Case 1: With interior gypsum wallboard® Case 2: Without interior gypsum wallboard®
(MPH) Exposure Exposure
B c D B c D
<95 -30.0 -33.2 -39.4 -33.9 -47.4 -56.2
100 -30.0 -36.8 -43.6 -37.2 -52.5 -62.2
105 -30.0 -40.5 -48.1 -41.4 -37.9 -68.6
110 -31.8 -44.5 -52.8 -45.4 -63.5 -75.3
115 -35.5 -49.7 -59.0 -50.7 -71.0 -84.2
120 -37.4 -52.4 -62.1 -53.4 -74.8 -88.6
130 -44.9 -62.8 -74.5 -64.1 -89.7 -106
=130 See Note d

For SL: 1 inch =25.4 mm. 1 foot = 304.8 mm. 1 square foot = 0.0929 m°, 1 mile per hour = 0.447 m/s, 1 pound per square foot = 0.0479 kPa.

a.

b.

Linear interpolation is permitted.

The table values are based on a maximum 30-foot mean roof height. and effective wind area of 10 square feet Wall Zone 5 (comer), and the ASD design
component and cladding wind pressure from Table R301.2.1(1). adjusted for exposure in accordance with Table R301.2.1(2). multiplied by the following
adjustment factors: 1.87 (Case 1) and 2.67 (Case 2).

Gypsum wallboard, gypsum panel product or equivalent.

. For the indicated wind speed condition and where foam sheathing is the only sheathing on the exterior of a frame wall with vinyl siding, the wall assembly

shall be capable of resisting an impact without puncture at least equivalent to that of a wood frame wall with minimum ’/;;-inch OSB sheathing as tested in
accordance with ASTM E1886. The vinyl siding shall comply with an adjusted design wind pressure requirement in accordance with Note b, using an
adjustment factor of 2.67.

Source: 2024 International Residential Code, https://codes.iccsafe.org/content/IRC2024P1



https://codes.iccsafe.org/content/IRC2024P1

Quick Guide for Vinyl
Siding Over FPIS ci

= CONDITION 1: Where foam sheathing installed

under or over a separate wind resistant
sheathing layer

No difference in install except longer siding fastener

= CONDITION 2: Where foam sheathing is the
sole exterior sheathing

Requires foam sheathing wind pressure rated per
code (FS100 standard) — see manufacturer data
Requires vinyl siding wind pressure rating
enhancement (IRC R703.11.2)

= CONDITION 3: Where foam sheathing and its
attachment resists wind load per FS100
standard

No difference in install except foam sheathing
attachment (e.g., structural cap fasteners) per
manufacturer’s FS100 test data.

No difference in vinyl siding wind pressure rating or
install except longer siding fastener

QUIC.K CODE-COMPLIANT VINYL SIDING
APPLICATIONS over Foam Plastic Insulating
GUIDE Sheathing (FPIS) Continuous Insulation (ci)

Foam Plastic Applications
for Better Building

IMFORTANT! READ ALL INSTRUCTIONS BEFORE BEGINNING INSTALLATION

This Quick Guide outlines a step-by-step process to ensure vinyl siding is properly
specified and installed when applied over FPIS ci for a durable and code-compliant
installation.

] W o,

STEP 1: VERIFY MATERIAL COMPLIANCE. e, |

Phato 1. Example of typical viryl siding product abel with a design wind load
pressure rafing of 77.2 psi

STEP 2: CONSIDER ADDITIONAL REQUIREMENTS FOR INSTALLATION OVER FPIS
bey t for virmyl siding i
a nstaliation

CONDITION 1 CONDITION 2 CONDITION 3
2021 IRC S RI0AIZE 4 202 IBC S RZ0A1L2 2021 RC S BI0312.E 2
FPIS installed FPIS installed directly over Open Stud Winyl siding installed over FPIS in
a5 “Over-sheathing” Cavities (see Figure Z) accordance with siding manufacturer's
{see Figure 1) Iinstallation instructions

OPTION A: FPIS materia
as!

o sidling fas-
d N assembhy -}

isf wind load

OFTION B: FPIS material fastensd to resist
design wind load independent of siding

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



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

1VV. Foundations

IECC — Thermal compliance

IBC/IRC — Frost-protected shallow foundations (FPSF)
IBC/IRC — Unvented crawlspaces

. IBC/IRC — Termite protection

00w




A. IECC — Thermal Compliance

2024 IECC Commercial Provisions — Tables C402.1.2 & C402.1.3

Molst () —————>

https://basc.pnnl.gov/images/
1 iecc-climate-zone-map

2024 1ECC Residential Provisions — Tables R402.1.2 & 402.1.3

Climate Building Below- Slabs
Zone Use Grade Wall Unheated Heated
All other
Oand 1 Group R R-7.5 for 12" +
All oth NR R-5 full slab
> omner NR (F-0.73) (F-0.69)
Group R (C-1.140)
3 All other R-10 for 24” + R-
G R R-10 for 24~ 5 full slab
roup (F-0.54) (F-0.66)
R-7.5ci
4 Except All other (C-0.119) R-15 for 24” + R-
Marine R-10ci R-15 for 24” > full slap
- - or
F-0.62)**
Group R (C-0.092) (F-0.52) ( )
R-7.5ci
5 and All other (C-0.119) R-15 for 36” + R-
Marine 4 - 5 full slab
Group R R-10ci R-20 for 24~ (F-0.62)**
All other (C-0.092) (F-0.51)
6 R-20 for 48”
Group R (F-0.434)
All other R-20 for 24~
7 R-15¢i (F-0.51) R-20 for 48” + R-
Group R 5 full slab
(C-0.063) R-20 for 48~ (F-0.602)
All other (F-0.434)
8 7
Group R R-25 for 48

(F-0.424)

Climate Basement Slab Crawlspace
Zone Wwall Unheated Heated
0 0 R-5ci edge + 0
0,1land? R-5 full slab
(U-0.360) (F-0.73) (+-0.74) (U-0.477)
5 Rocior R13 | Rioci, 2ft | "oi0% 2 Y| Reci or R13
(U-0.091) (F-0.54) (F-0..65) (U-0.136)
4 except R10ci or R13 ) R10ci or R13
Marine (U-0.059) _ R10ci, 3ft + R-|  (y-0.065)
R10ci, 3ft 5 full slab
(F-0.51) (F-0.66)
5 and Marine
4
R15ci or R19 - R15ci or R19
5 or R13+5ci R10ci, 4ft + or R13+5ci
(U-0.050) | Rioci, aft | o full slab o (y-0.055)
(F-0.48) (F-0.66)
7 and 8



https://basc.pnnl.gov/images/iecc-climate-zone-map
https://basc.pnnl.gov/images/iecc-climate-zone-map

U-factor, C-factor, and F-factor Equivalents

= Refer to ASHRAE 90.1 (2022) Appendix A for alternative C-factors for below
grade walls (basement and crawlspace) and F-factors for slabs-on-grade.

= 2024 IECC-R has NEW appendix RF that provides similar data specific to
application in the IECC (with improvements).

=  Example: IECC-C requires unheated slab to be insulated to R-20 for 24" below
grade (vertical perimeter of slab foundation).
« The equivalent F-factor is F-0.51

« ASHRAE 90.1 Table A6.3.1-1 provides alternate R-value options with F-0.51 or better (lower):
R-10 for 48" (F-0.51) or R-5 full slab and edge (F-0.46)

\




IECC Specific BTE Insulation Requirements

C402.2.5 Below-grade walls. R402.2.9.1 Basement wall insulation installation.

* Insulation must be installed between framing « Insulation must extend from top of basement wall 10ft below
members, be integral to wall assembly, be grade or to basement floor (whichever is less), or in
continuous on wall assembly, or be any accordance with proposed design or rated design

combination of these methods.
* Installation complying with Section C401.2.1,

R402.2.11.1 Crawl space insulation installations.

installation must extend not less than 10 ft deep « Insulation secured to wall and extend down from sill plate to
below outside flnlsh_e_d ground level or to level of not less than top of foundation wall footing.

lowest floor of conditioned space enclosed by

below-grade wall, whichever is less. « Exposed earth in unvented crawl! space covered with Class |

vapor retarder (VR) per IRC/IBC. Joints sealed/taped and
overlay 6 inch. Edges of VR attached and extend not less
than 6 inches up stem wall.

Exception: Insulation installed on the interior side of wall of
crawl space floor more than 24 inches below exterior grade,
insulation shall be permitted to extend from sill plate to not
less than interior floor of crawl space.

NOTE: Below grade walls (crawlspace or

basement) are not required to be insulated R402.2.11.2 Alternative crawl space

if the below grade space is not conditioned insulation configurations.

(€.g., unconditioned basement or ventilated . Buildings complying with Section R405 or
crawlspace). In this case the floor above 406, crawl space wall insulation must be
must be insulated. installed with proposed design or rated design.

ABTG




IECC Specific BTE Insulation Requirements

IECC-C

C402.2.4 Slab-on-grade.

Perimeter insulation:
 Placed outside or inside of foundation wall.

+ If installed per Table C402.1.3, must extend
downward from top of the slab for the minimum
distance or to top of footing (whichever is less), or
downward to not less than bottom of slab and
horizontally to interior or exterior for total distance
shown.

Full slab insulation must be continuous under
entire area of slab-on-grade floor, except at
structural column locations and service
penetrations.

At heated slab perimeter insulation is not
required to extend below bottom of heated slab
but must be continuous with the full slab

insulation.

Exception: For perimeter insulation where unheated
slab-on-grade floor is greater than 24 inches below
finished exterior grade.

IECC-R

R402.2.10 Slab-on-grade floors.

* Floor surface within 24 inches above/below grade must be
insulated per Section R402.2.10.1 or R402.2.10.2.

Exception: Slab-edge insulation not required in jurisdictions designated
a very heavy termite infestation probability.

R402.2.10.1 Slab-on-grade floor insulation installation.

* Buildings complying with Section R401.2.1, slab edge ci must
extend downward from the top of slab on the outside or inside of
foundation wall.

* Insulation below grade must extend vertical distance in
Table R402.1.3 but not exceed footing depth per Section
R403.1.4 of IRC.

* Insulation extending away from the building, must be protected by
pavement or 10 inches of soil.

e Full-slab and perimeter slab insulation similar to IECC-C.

R402.2.10.2 Alternative slab-on-grade insulation
configurations.
e Buildings complying with Section R405 or R406,

slab-on-grade insulation shall be installed in
accordance with proposed design or rated design.

ABTG




®{Figure 1.

Sill sealer

//W

proofing ————

Basement
foundation wall

Foundation

:lrainage\
e -ﬂ.'_

.

Concrete g ‘,:—)
Feis :

footing

- p———Termite shield
{as required)

Closed cell SPF insulation
or other approved insula-
tion and air s ealing

Option A

FPIS approved for
Interior “exposed”
application with
edges taped/sealed to
prevent air movement

FPIS sub-shab Insulation

— 1« furring
strips

Option B
— FPIS adhered to wall

— Min. 12" Gypsum
wall board
{thermal barrier)

with edges taped/sealed
to prevent air movement

Option B provides

an interior finish with
furring applied over
thie FFIS, which alsa
secures the FRIS flush
ta the foundation wall

Option A |s applicable 1o unfinished basements and reguires
use of FPIS materal approved for Interior exposure (refer to
manufacturer data). The foam may be secured In place with
manufacturer recommended adhesives, power-driven cap

nalls, or other suitable method.

1Y

Option C
FPIS adhered

taped/sealed
to prevent air
movemeant

batt insulation

wall board

~— Pressure
} treated
o == £ bottom
- plate

to wall with edges

= 2x4 framed wall with

unfaced fibarglass

r—Min. 15" Gypsum

{thermal barrier)

Option C uses a 2x
framed wall to the
Interlor side of the
EPIS, which may alsa
include additional
cavity Insulation.

Cl Quick Guide: Foundation Insulation Fundamentals

Basement Walls

= Interior FPIS ci application
=  Most common

= If FPIS exposed to interior,
then must be approved for
that application

» Refer to manufacturer fire test
data/approvals

= FPIS ci is considered a “hall of
fame” insulation method for
basement walls by DOE
Building America Program

« Improved energy efficiency and
moisture resistance

 Vapor retarder should be avoided
to interior side of FPIS

A



https://www.continuousinsulation.org/sites/default/files/uploads/attachments/node/214/ci-quickguidefoundationinsulation.pdf

. Waterproofing material=
applied directly to wall exterior

Protaction board or r__u.aﬂﬂ'g
extends 6 in. below gradé

https://foundationhandbook.ornl.gov/handbook/

5ill gasket above and
below termite shield

Basement Walls

Exterior FPIS ci application

Requires protection of
Insulation above-grade

Allows continuity with FPIS
ci on above-grade wall

Connects thermal mass of
basement wall with interior
space

Wall also can be insulated
on both sides (e.qg.,
Insulating concrete form or
ICF — usually of EPS foam)



https://web.archive.org/web/20250531175940/https:/foundationhandbook.ornl.gov/handbook/toc.shtml

I-| Figure 2.

Crawlspace
Wal I S Sill sealer '

Closed cell SPF insulation
-4—— or other approved insula-
tion and air sealing

Interior and

-4— Termite shield
(as required)’

FPIS approved for
interior “exposed”
application with

edges taped/sealed to
prevent air movement.

Crawlspace

. . foundation wall | >
exterior FPIS ci |
applications L ST AN
Similar to
basement walls e s
Unvented bt
(conditioned)

crawlspace per
Section R408.3

li Vapor barrier

« No need to
insulate entire

I-{ Figure 3. %

Protective ———»
covering?

FPIS rigid
insulation

|I . (:‘_\:?‘J

Sill sealer——— |

I -———— Termite shield
(as required)’

Crawlspace

A

foundation wall

 J

Conditioned
(unvented)
crawlspace

Vapor barrier

floor area &
improved
moisture control

Cl Quick Guide: Foundation Insulation Fundamentals



https://www.continuousinsulation.org/sites/default/files/uploads/attachments/node/214/ci-quickguidefoundationinsulation.pdf

Slab-on-Grade

Monolithic slab and footing (grade beam)

l-| Figure 4.

FPIS rigid
insulation [

Protective ——— =
covering

FPIS rigid
insulation

15

W ),

/—S'rll gasket

Concrete slab

Concrete grade beam

Polyethylene vapor barrier
extended under grade beam

T—Granuar base

Independent slab and stem wall

I-J Figure 5.

FPIS rigid insulation
(taped or sealed joints)

/-—-Sill gasket

FPIS rigid
insulation Concrete
lislab

\J

- LFPIS rigid insulation -
1 under entire slab )

Granular base

‘—i_ Concrete stem wall
|

L]

44— Concrete footing

Cl Quick Guide: Foundation Insulation Fundamentals



https://www.continuousinsulation.org/sites/default/files/uploads/attachments/node/214/ci-quickguidefoundationinsulation.pdf

Exterior siding —

Furring strip for
ventilation cavity

Slab-on-Grade

e -

= Alternate insulation configuration
for independent slab and stem wall

R | = The slab edge insulation is not
N needed because the entire outer
from wallat 5% - hes face of the stem wall is insulated.

from wall at 5%
{6 in. per 10 ft.)

Sheathing

WA

L

VY

|/

. -

Protection board or coating
extends & in. helow grade

Rigid insulation

== Reinforcing per coda

https://foundationhandbook.ornl.gov/handbook/ A



https://web.archive.org/web/20250531175940/https:/foundationhandbook.ornl.gov/handbook/toc.shtml

I-‘ Figure 6.

Avoid Thermal Bridges

* Proper insulation placement
at slab edge prevents major
thermal bridging

» Required for compliance
with code R-values and
F-factor alternatives

Cl Quick Guide: Foundation Insulation Fundamentals
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Quick Guides for FPIS Foundation Application

QUICK Foundation Insulation Fundamentals: QUIGK Eonndation Instilation B-valies

for Energy Code Compliance Using

Basements, Crawlspaces & Slabs with

GUIDE Foam Plastic Insulating Sheathing (FPIS) GUIDE

Faoam Plastic Applications
for Better Bullding Foam Flastic Applications

IMPORTANT! READ ALL INSTRUCTIONS BEFORE BEGINNING INSTALLATION o i

ways. However, going it ight requites paying &t

Foam Plastic Insulating Sheathing (FPIS)

T

key detalls to max-

Faurdalionirsalation & asmponiant pat ol &
it g of FPIS o laurndel s o
o slabror-grade ooz SWhen telaiag

a0es Aand

el B kNG e

5 enend

e ope Lo abdwe-grad

In addition to saving energy and increasing com founda
e problems and can even be used to ralse the frost depth, sa thousands of doliars in found:
nded to get you started by introdisding some best practices for insulating foundations wit

[FPIS) propery installed as cont insulation {ci}, Resource: provided for further information

cornfael Tor belo
| Efw Extldiveg & irile
femios s

e it i Msiure ooliol, and Brcup

B A

Ci Resource Guide
11 it allEion

Minimum inswiation amaunts will vary based on your locally adopted energy code and may be excesded for improved performance I n C I u d eS tWO

FPIS of 3 to 2* in thickness |15 most common with R-values ranging from o R12, depending on the type |S matenal Fora

high-performance hio commercial buil foundation, and especially in cold climates, FPIS R-values of B-15 or mare (3" thick AT o » L T et T 1 k G 1 d

o s & ot REBmman This Guide IL'.J. 25 art Ehe groper Speclicati .I olf FPES Touds- u I C u I eS O n
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B. Frost-Protected Shallow
Foundations (FPSF)

= Brief History
= |RC/IBC provisions & ASCE 32 standard

= FPSF applications

NOTE: You use foam plastic insulating
sheathing (FPIS) to build frost-protected
shallow foundations (FPSF).

https://www.continuousinsulation.org/foundation-insulation-frost-protection
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History of FPSFs

» 1930s: Frank Lloyd Wright designed and built the first FPSFs in the
Chicago area

= 1950s—1970s: In rebuilding after WWII, Scandinavian countries studied
U.S. construction and then became leaders in FPSF technology

= 1980s: U.S. Plastics Industry and NAHB/RC begin technology transfer
back to U.S.

= 1992-1994: U.S. HUD sponsors a 5-home verification study in the
northern U.S. climates; Air-freezing Index map is created; U.S. design
guide developed

= 1995 CABO OTFDC: First model code recognition of FPSF in U.S.
= 2001: ASCE standard 32 is completed (based on HUD guides for FPSFs)
= More than 1,000,000 FPSF foundations built in Europe and U.S.




IBC on Frost Protection

STTANDARID,

Section 1809.5 Frost protection

» Foundation walls, piers and building permanent
supports shall be protected by one or more of the
following methods:

1. Extended below the frost line of the locality
2. Constructed in accordance with ASCE 32
3. Erected on solid rock

=  Shallow foundations shall not bear on frozen soil unless
the frozen condition is permanent

https://www.asce.org

Section 1809.5.1 Frost protection at required exits

» Provided at exterior landings for all required exits with
outward-swinging doors

= Only required to ensure unobstructed opening of exit doors

NOTE: Exceptions to Section 1809.5 for Risk Category | buildings, building area/type, and eave height.

ABTG
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IRC on Frost Protection

Section R403.1.4.1 Frost protection

» Foundation walls, piers, and building permanent supports shall be protected
by one or more of the following methods:
1. Extended below the frost line (Table R301.2)
2. Constructed per Section R403.3*
3. Constructed in accordance with ASCE 32
4. Erected on solid rock

» Footings shall not bear on frozen soil unless the frozen condition is permanent.

* Prescriptive approach based on simplified method in ASCE 32.
NOTE: Exceptions similar to IBC




INSULATION DETAIL As

INSULATION PROTECTION PER SECTION R403.3.2 or N1101.11
SLOPE FINAL GRADE PER SECTION R403.3.3

IRC on FPSF

Section R403.3 Frost-protected
shallow foundations

* Footings not required to extend

FLASHING PER SECTION R703.4 SLAB-ON-GROUND FOUNDATION FLOOR
PER SECTIONS R403.1 AND R506

.:..
ray (e '
*.9 g1 - -
\
v o{ < :
7 deyo= - %
D—‘T YHONNETY .
L—12 IN. MAX \ by T
°
P o

mlmm \ 5 below frost line if building is
(r T maintained at monthly mean
TSN TN tem peratu re not less than 64 ° F

WASHED GRAVEL OR CRUSHED VERTICAL WALL INSUALTION (18°C) and is protected by

STONF DRAINED PER SECTION HORIZONTAL INSULATION® - = -

R40333 insulation per Figure R403.3.1

and Table R403.3(1)

HORIZONTAL INSULATION PLAN

* Foundations protected per Figure

R403.3.1 and Table R403.3(1) shall not
be used for unheated spaces (e.g., porches,
garages, utility rooms) and shall not be
attached to basements or crawlspaces not
maintained at minimum monthly mean

FOUNDATION
PERIMETER

..................................

temperature of 64°F (18°C)

Source: IRC Figure R403.3.1 A I \




I R C O n F P S F HORIZONTAL INSULATION PLAN
e FOUNDATION
The air-freezing index (AFl) is a common TR p -

E metric for determining the freezing 3
severity of the winter season and
estimating frost depth for midlatitude . B HE
regions, which is useful for determining e l :IC
the depth of shallow foundation IERE: N A A3 Foos
construction. SEREEES A HH AR R

...... L T
: A I‘T’*

TABLE R403.3(1)
MINIMUM FOOTING DEPTH AND INSULATION REQUIREMENTS FOR FROST-PROTECTED FOOTINGS IN HEATED BUILDINGS®

Source: IRC Figure R403.3.1

VERTICAL HORIZONTAL INSULATION HORIZONTAL INSULATION DIMENSIONS
AIR-FREEZING |MINIMUM FOOTING| ..o ATION R-VALUE®® PER Figure R403.3(1) (inches)
INDEX (°F days)® | DEPTH, D (inches) R.VALUES ¢

- Along walls At corners A B Cc
1.500 or less 12 4.5 Not required | Notrequired | Notrequired | Notrequired | Not required
2.000 14 5.6 Not required | Notrequired | Notrequired | Notrequired | Not required
2.500 16 6.7 1.7 4.9 12 24 40
3.000 16 7.8 6.5 8.6 12 24 40
3.500 16 9.0 8.0 11.2 24 30 60
4.000 16 10.1 10.5 13.1 24 36 60
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FPSF Applications

» Heated buildings
« Slab on grade
 Crawlspace
« Walk out basement
 Unheated buildings

Unheated cold foundations

Others: Exterior stairways,
retaining walls, utility trenches




FPSF Application: Slab on Grade (Heated Building)

= Monolithic thickened edge
= Concrete stem wall
=  Permanent wood stem wall —

PROTECTIVE
COATING

= CMU stem wall

PER LOCAL
CODE

FLASHING *\‘

PROTECTIVE ___
FACING

HE

\

HEATED SPACE

VERT. WALL INSULATION

FOOTING
WING INSULATION

PROTECTIVE
FACING

HEATED SPAGE

PERMANENT WOOD FOUNDATION

VERT. WALL INSULATION
(AS REQ'D.)

PRESSURE TREATED FOOTING

GRAVEL BASE
(AS REQ'D)

WING INSULATION
{OPTIONAL)

VERT. WALL INSULATION

WING INSULATION

https://www.huduser.gov/publications/

pdf/fpsfquide.pdf
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FPSF Application: Unvented Crawlspace
(Heated Building)*

Source: SEI/ASCE 32-01

* Unvented (conditioned)
crawlspaces recognized in
IRC Section R408.3. But
FPSF insulation must be
determined in accordance
with ASCE 32 (referenced
in IRC/IBC) and the IECC
(more stringent applies at
least for the vertical
insulation)




[image: image1.bmp]

Provide Concrete or Gravel Footing and Drainage (as required)







Horizontal Wing Insulation Rh or Rhc (as required)







hf or hfc







h







Concrete, Masonry, or Permanent Wood Foundation per Building Code







Sand or Gravel Layer (optional)







Vertical Wall Insulation, Rv 







Vapor Barrier 







Floor Assembly Nominal R-value, Rf












FPSF Application: Walk out Basement
(Heated Building)*

* Apply FPSF insulation to
exterior of basement wall, or

= Use Permanent wood walls
(insulation in wall).

= Avoids need for stepped
footings to frost depth at
walk-out side.

* Refer to ASCE 32 (nhot addressed in IRC)




[image: image1.bmp]

C







Side View























Section







Design Frost Depth







Finish Grade















Continue Exterior Insulation to Insulated Wall or Floor Framing























Horizontal Wing Insulation







Insulation Plan 
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FPSF Application: Unheated Building™

= Ground insulation
must “blanket”
entire footprint of
foundation Unheated Building

= Also used for
unheated portions

Sub-slab (Ground) Insulation
of heated buildings S
(e.g., garages, |
porches’ etC.) .Unfrozen SO"
Geothermal Heat Source
;:;;;t Line _Fro; _L;n;

https://erdc-library.erdc.dren.mil/items/81b728f7-5e2f-4ef8-e053-411ac80adeb3

* Must refer to ASCE 32 to specify insulation type and compressive resistance

to support structural foundation loads c



https://erdc-library.erdc.dren.mil/items/81b728f7-5e2f-4ef8-e053-411ac80adeb3

FPSF Applications: Unheated “Cold” Foundations™

: Ground Insulatian —
E
F oy
G
| g

Elevation Elevation

ISIab-on-GradaI Foundation Wall I Column |

Source: https://www.huduser.gov/publications/pdf/fpsfquide.pdf

* Refer to ASCE 32 (nhot addressed in IRC) A



https://www.huduser.gov/publications/pdf/fpsfguide.pdf

FPSF Applications: Exterior Slabs/Stairs,

i i 1]t >
Retaining Walls, U/G Wet Utilities
-
[
L
1 4
Utility Trench
y P gt =
// 4 m_r“; - R i" N [ |
/I :: .ml—L...‘ TS ;.-‘;"7’. ‘.o..‘ ;‘.loz - = ‘
ez / 00 Thaon | 2o par ey o =] . | .
f Matjord , a falt‘l Styrofoam mlo [ I B IR B Y B
a +as et TV grus ’ P )
A A A A" ':T dnn':rende masser HI,ID el finpc?xk : ’
' ]
| . .
MATRVE RACKFIL: 1 1 Markisolerin Ce 4
H Exterior Stairway | - et |
; U ¥
315 1a, POLYSTVRMNGE J—- Sources: US Army Corps of Engrs and Norwegian Building Institute d Ll
https://erdc-library.erdc.dren.mil/items/81b728f7-5e2f-4ef8-e053-411ac80adeb3

https://mdl.mndot.gov/_flysystem/fedora/2023-04/ris-11.pdf

https://apps.dtic.mil/sti/tr/pdf/ADA350992.pdf

Retaining Wall
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i ok 4 v ST ¢
i "II. | VI 2 : /. " o o L Matjord
Pl TN ; T Sre 2 : l I '—
i - - s S i : D S
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= X
¢ Srqe 9* v

*Not addressed in IRC or ASCE 32 — refer to guides or
manufacturer recommendations for geotechnical applications mur

Lo I lw Lo L
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https://erdc-library.erdc.dren.mil/items/81b728f7-5e2f-4ef8-e053-411ac80adeb3

Cut 8 passia return
Ciut and place rigid ;
I 2 — insulation inte 1he inio the floor
C I B C I C cayity al the band

Lise spray foam ko spra

Unvented Crawlspaces S
IRC R408.3 o i o
= Allows ductwork in conditioned space; warm

floor; no moist air foundation vents; storage
space

= Insulation only at crawlspace perimeter, not
between joists

Cvarkap the &
—mil poty at
least 12"

Seal G=mil paly
to floor dizin

the crawlpacs wall
up o 4" af the
top of the wall, Aod o supply duct and
ragietar 1o tha duct
system to deliver
Seal S4mil paly to nﬁ!mnmd ait 1o the
crawspacs,

smp pi Instad ngid

nsllation along
feurdaten wall Apply B-mil poly o fioor
leaving room fora . of the crawispace. Lise
B F termite revaal, constnaclion tapo at the
: - = if Fequbred LEAME,

https://basc.pnnl.gov/resource-
aquides/unvented-insulated-crawlspaces
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D. Termite Protection Compliance

IBC 2603.8/IRC R305.4 — Foam Plastic Protection

Areas with “very heavy” probability of termite
infestation (see Figure 2603.8/R305.4), foam
plastics shall not be installed on the exterior face

or under interior or exterior foundation walls or slab
foundations located below grade.

Foam plastics installed above grade and exposed earth
shall have clearance not less than 6" (152 mm).

Exceptions:

1. Buildings with structural members (walls, floors, ceilings, and
roofs) are entirely of noncombustible materials or pressure-
preservative-treated wood.

2. Where in addition to the requirements of R305.1, an approved
method of protecting the foam plastic and structure from
subterranean termite damage is used.

3. On the interior side of basement walls.

https://www.appliedbuildingtech.com/rr/1703-09

[ ] nonETO sLiaHT

FIGURE 2603.8 TERMITE INFESTATION PROBABILITY MAP

Figure R305.4 Termite Infestation Probability Map

N Research Report

ABTG

Protection of Wood-Frame Homes from Subterranean
Termites: Evaluation of Building Code Provisions &
Recommended Improvements

ABTG Research Report No. 1703-09

Conducted for the Foam Sheathing Committee (FSC)
of the American Chemistry Council
Report Written by:

Applied Building Technology Group, LLC
appliedbuildingtech.com

Final Report: May 2, 2017
Updated: January 14, 2021


https://www.appliedbuildingtech.com/rr/1703-09

Termite Protection Solutions

* Recommended practice:

Termite shield for shelter tube inspection
(installed during construction)

Ground termite treatment (maintained
periodically by pest control operator)

Code requires one of the above (both are
recommended in areas of “very heavy”
termite infestation probability).

= Termite treatment certificate
(required for home sales/loans)

Consult with local pest control operators
Consult local code requirements

Some local/state codes require an inspection
strip in “very heavy” termite regions

Termite shield may or may not be accepted
as an alternative even though a proven
technology since at least the 1950s (old FHA
building codes) and a recognized method in
IRC Section R305

mrdnrgmﬁ_ - | .' :__: _' &
F"x‘!ﬂﬂ;‘f’l‘iﬂfﬁfﬁ#-

= wh gl g
I

Sill gasket above and
below termite shield

https://foundationhandbook.ornl.gov/handbook/



https://web.archive.org/web/20250531175940/https:/foundationhandbook.ornl.gov/handbook/toc.shtml

V. Existing Buildings

For existing buildings, the energy code addresses additions and alterations
In the following updated sections:

= 2024 IECC Section C502/R502 Additions
= 2024 IECC Section C503/R503 Alterations




2024 1ECC Section C502/R502 Additions

* In general, additions must comply with IECC provisions for new construction.

= However, the new construction requirement for additional efficiency credits
(C406 / R408) is reduced for additions (and exempted for smaller additions).

= All of the applications and functions of foam sheathing to new construction also
apply to additions.

TIP: Frost-protected shallow foundations are particularly useful for addition projects.




2024 1ECC Section C503/R503 Alterations

Section C503.2/R503.1.1 Building Thermal Envelope

= Reorganized and “triggers” added for improving or bringing insulation up to
current code based on type of alteration being proposed:

e (C503.2.1/R503.1.1.2 Roof, ceiling and attic alterations
— (C503.3.6 Replacement or added roof mounted mechanical equipment

e (C503.2.2/R503.1.1.1 Vertical fenestration

« (C503.2.3 Skylight area

e (C503.2.4/R503.1.1.3 Above-grade wall alterations
e (C503.2.5/R503.1.1.4 Floor alterations

e (C503.2.6/R503.1.1.5 Below-grade wall alterations
e (Cb503.2.7/R503.1.1.6 Air barrier




Alterations — General

C503.1/R503.1.1 General. Alterations to any building or structure:

Must comply with requirements of Section C503.
Must not be less conforming than prior to the alteration.

Must conform to the provisions of this code as those provisions relate to new
construction without requiring the unaltered portions to comply with this code.

Must not create unsafe or hazardous conditions or overload existing building
systems.




Exceptions to Alteration Requirements

Exceptions: Following alterations need not comply with requirements for new
construction, provided that energy use of building is not increased:

=  Storm windows installed over existing fenestration

= Surface-applied window film installed on existing single-pane fenestration
assemblies reducing solar heat gain, provided that the code does not require
the glazing or fenestration to be replaced

= Roof recover

= Roof replacement where roof assembly insulation is integral to or located
below structural roof deck

= Air barriers shall not be required for roof recover and roof replacement where
alterations or renovations to building do not include alterations, renovations or
repairs to remainder of building thermal envelope (IECC-commercial only)

ALTERNATIVE COMPLIANCE: Existing building undergoing alterations
that complies with Section C407 / R405 / R406 \




Roof, Ceiling & Attic Alterations

C503.2.1/R503.1.1.2 Roof, ceiling, and attic alterations. Insulation complying with Section C402.1
and Section C402.2.1, or an approved design that minimizes deviation from the insulation requirements,
shall be provided for the following alterations:

1. An alteration of roof-ceiling construction other than reroofing where existing insulation located below
the roof deck or on an attic floor above conditioned space does not comply with Table C402.1.2.

2. Roof replacement or a roof alteration that includes removing and replacing the roof covering, where
the roof assembly includes insulation entirely above the roof deck.

Exceptions: Where compliance with Section C402.1 cannot be met due to limiting conditions on
an existing roof, an approved design shall be submitted with the following:

1. Construction documents that include a report by a registered design professional or an
approved third-party documenting details of the limiting conditions affecting compliance
with the insulation requirements.

2. Construction documents that include a roof design by a registered design professional or
approved third party that minimizes deviation from the insulation requirements.

3. Conversion of unconditioned attic space into conditioned space.
4. Replacement of ceiling finishes exposing cavities or surfaces of the roof-ceiling construction.

ABTG




Roof, Ceiling & Attic Alterations

i o
High Roof N ' A = ~
= (IECC) Roof ey / O
Replacement. An _ fim e
alteration that includes e High'Bioet R / Ll
; 1/t "/t
the removal of all a : L s W el :
existing layers of roof Sk e v/ i v i || ¢
. Low Roof ' 1 4 j 1 ;
assembly materials down iR im R L
to the roof deCk and d - Door i
installing replacement (1,4F“Iatlnsulatbn : '(fanf!redlnsulation) ; M + 7 é"fﬁ it
- e i i {2 Pt st Topere et Y e
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existing roof deck. | |i Alad %
Low Roof
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replacement. Roof :
replacement shall include e —
the removal of all 5 ENERGY GODE | copE oY ~ | INSULATION TO BRAIN
ool REQUIREMENTS REQUIREMENTS WATER

existing layers of roof
assembly materials down

Example roof replacement plan (above deck roof insulation) by RDP or

to the roof deck. approved third party to “minimize deviation” from insulation requirements
(exception to meeting full insulation amount when limiting conditions cannot
be otherwise reasonably addressed).

Images courtesy of PIMA: https://www.polyiso.org/
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Roof Mounted Mechanical Equipment

C503.3.6 Replacement or added roof-mounted mechanical equipment. For roofs with
insulation entirely above the roof deck and where existing roof-mounted mechanical
eqguipment is replaced or new equipment is added, and existing roof does not comply with
insulation reguirements for new construction in accordance with Sections C402.1 and
C402.2.1. curbs for added or replaced equipment shall be of height necessary to
accommodate future addition of above-deck roof insulation to be installed in accordance with
Section C503.2.1, Item 2. Alternatively, curb height shall comply with Table C503.3.6.
Curb height shall be distance measured from top of curb to top of roof deck.

TABLE C503.3.6
ROOF-MOUNTED MECHANICAL EQUIPMENT CURB HEIGHTS

CLIMATE ZONE CURE HEIGHT, MINIMUM
0,1, 2and 3 16 inches
4 Hand b 17 inches
7and 8 18 inches




Above-Grade Wall Alterations

C503.2.4 / R503.1.1.3 Above-grade wall alterations. Above-grade wall alterations shall comply with
the following:

1. Where wall cavities are exposed, the cavity shall be filled with cavity insulation complying with
Section C303.1.4. New cavities created shall be insulated in accordance with Section C402.1 or an
approved design that minimizes deviation from the insulation requirements.

2. Where exterior wall coverings and fenestration are added or replaced for the full extent of any
exterior wall assembly on one or more elevations of the building, insulation shall be provided
where required in accordance with one of the following:

2.1 An R-value of continuous insulation not less than that designated in Table C402.1.3 for
the applicable above-grade wall type and existing cavity insulation R-value, if any;

2.2 An R-value of not less than that required to bring the above-grade wall into compliance
with Table C402.1.2; or,

2.3 An approved design that minimizes deviation from the insulation requirements of
Section C402.1.

3. Where Items 1 and 2 apply, the insulation shall be provided in accordance with Section C402.1.

Where any of the above requirements are applicable, the above-grade wall alteration shall
comply with vapor control and WRB requirements of the IRC/IBC.




Retrofit of Above Grade
Walls with FPIS ci

= Best if siding and window
replacements done at same time

= Can be done with just siding
replacement

* Need to properly integrated wall WRB
and flashing with windows and doors if
they are not replaced.

 https://www.pnnl.gov/projects/re-
siding-ext-insulation
= For additional information on
existing building retrofits, refer to: _ D .-
https ://WWW CO ntl n UOUS| nsu Iatl On . https://basc.pnnl.gov/resource-gquides/rigid-foam-insulation-existing-exterior-walls
org/remodeling-energy-efficiency



https://www.pnnl.gov/projects/re-siding-ext-insulation
https://www.pnnl.gov/projects/re-siding-ext-insulation
https://www.continuousinsulation.org/remodeling-energy-efficiency
https://www.continuousinsulation.org/remodeling-energy-efficiency
https://basc.pnnl.gov/resource-guides/rigid-foam-insulation-existing-exterior-walls

Metal Building Roof & Walls Retrofit
with FPIS ci (Rated for Interior Exposure)

Before After
(Occupancy Change and Refit)

Source: Dow / DuPont Building Performance Solutions



Airspace Wood-based
\ subfloor W

Floor Alterations = \ :
AN ANV A
Gypsum board _/‘ /e’f Rigid insulation -

C503.2.5/R503.1.1.4 Floor alterations.
Where cavities in a floor or floor overhang
are exposed and the floor or floor overhang
Is part of the building thermal envelope,
the floor or floor overhang shall comply
with Section R402.1 or an approved design.



https://codes.iccsafe.org/lookup/IECC2024V1.0_RE_Ch04_SecR402.1/4255

F{Figure 1. |
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: i Teymite shisld an Interior finish with
{as required)
furring applied over
Closed cell SPF insulatiol fhesERb= witich alba
er approved ins secures the FRIS flush
nd air s ealing to the foundation wall

R503.1.1.5 Below-grade wall alterations.
Where an unconditioned below-grade space is e IS
changed to conditioned space, the building
thermal envelope walls enclosing such space
shall be insulated in accordance with Section
R402.1. Where the below-grade space

IS conditioned space and where building 51”353?1\
thermal envelope walls enclosing such space N
are altered, they shall be insulated in R &

Option A Option A s applicable 1o unfinished basements and regquires
use of FPIS material approved for interior exposure (refer to
manufaciurer data). The foam may be secured In place with
manufacturer recommended adhesives, power-driven cap

Iﬁ

Option C uses a 2x
framed wall to the
Interior side of the
FPIS, which may alse
include additional
cavity insulation.

FPIS sub-slab Insulation

LAY

£

accordance with Section R402.1.



https://codes.iccsafe.org/lookup/IECC2024V1.0_RE_Ch04_SecR402.1/4255
https://codes.iccsafe.org/lookup/IECC2024V1.0_RE_Ch04_SecR402.1/4255
https://codes.iccsafe.org/lookup/IECC2024V1.0_RE_Ch04_SecR402.1/4255
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FPIS cl installed as an alr barrier
exterior sheathing.

Alr Barrier
(for altered assemblies)

C503.2.7/R503.1.1.6 AIir barrier.

Altered building thermal envelope assemblies
shall be provided with an air barrier In
accordance with Section R402.5. Such an air
barrier need not be continuous with unaltered
portions of the building thermal envelope.
Testing requirements of Section R402.5.1.2 shall
not be required



https://codes.iccsafe.org/lookup/IECC2024V1.0_RE_Ch04_SecR402.5/4255
https://codes.iccsafe.org/lookup/IECC2024V1.0_RE_Ch04_SecR402.5.1.2/4255

VI. IBC/IRC Wall Bracing Code Compliance

= Foam plastics are not structural wall bracing materials (in general).
 EXceptions:
— Spray foams can supplement bracing (proprietary, if considered at all)
— Structural composite insulating sheathing (proprietary)

= Foam plastics can be integrated with all bracing methods and structural
systems for lateral force resistance.




IBC Requirements (Ch 16, 19, 21, 22, 23)

» Generally engineered wall bracing
and varies by building construction

* CFS framing — metal X-bracing, WSP,
Gypsum Sheathing, etc.

* Wood framing — WSP, Gypsum Board,

Structural Insulated Panels, etc.
« Concrete/Masonry — Reinforced shear walls, etc.
e  Structural steel — brace frames, moment

frames, etc. (with various types of curtain
walls that provide the thermal envelope)




IRC Wall Bracing (Prescriptive)

=  GOAL:

 Right-size wall bracing and select bracing method to
optimize cost and performance of overall wall
assembly (integrate with FPIS ci)

= CHALLENGES TO OPTIMIZATION:

« IRC Section R602.10 is complex — 36 pages of text,
tables, details, adjustment factors, and math

« There are no “simple” solutions — all bracing
methods must be shown to comply with the code for
a given building configuration and design condition

« Large buildings, high wind/seismic, large open
spaces, and lots of window/door openings

« Layout of interior walls/spaces can help economize
bracing strategy (or be necessary to make it work)

BENEFITS:

« Code provides a lot of flexibility to optimize use of

any given bracing method (or alternative bracing
methods)

Highest hazard
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16-32| * 9
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© Lowest hazard

Coastal Hurricane
High Wind Hazard

Map for Wind and Earthquake Hazards in U.S.

@nD oA

BRACED Wl Ll )
A" §T0AY,

[
SADRIVATE BRACmG

NEL]
IR




Wind Uplift Load Path is Critical!

= Many building collapses related to wind may
look like bracing failures, but are actually
Initiated by failures of wind-uplift load path.

» |RC addresses this by requiring a continuous
wind-uplift load path in coordination
with wall bracing
(see Sections R602.3.5
and R802.11).

« Consider labor and
material cost savings
of using long self-drilling
wood screws (see image).

Roof to Wall Connection

WAool meser o fop plafe connecdinn
T ol 1 i otuibc Tt

Upper Wall to

Lower Wall Connection

nifficlii b B i loi
single oy home

Lower Wall to
Foundation Connection

W Saud Ta sl plate onmThes
W 548 i bo faundsat|on correcfiem,

B ke commectioms are nod i s updlt
iy b gl o anler dhea keails

Long wood screws,
metal straps &

Image Sources: Institute for Business and g brackets, etc.

Home Safety (as published in HUD Durability
by Design, 2nd Edition and also HUD Safer,
Stronger Homes) and Simpson Strong-Tie.




Stepwise Accounting Process
(think IRS 1040 form without TurboTax or instructions)

Steps 1 & 2:

ID BWLs per story

-4
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i
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=
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Braced Wall Lines s &
F = front braced wall Ine
B = back bracad wall ne | g N\
L = Left braced wall Ine
R = Right braced wall line }
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Step 3:
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Step 4:
Bracing
Length Req’d

Steps 5 & 6:
Adjustment Factors
and Check vs. Bracing

Length Provide

s AT

TS ) Pl AR LTI CF WAL W

Repeat for each Brace Wall Line

(BWL) on each story

Steps 7 & 8:
Check BWP
layout and
connection/

anchorage details
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Code Compliance Accounting Sheet (partial copy)

STEF 1 STEP 1 STEP 2 STEP 2 Length STEP 3 STEF 4 STEP 4 STEP 5 STEF & STER 7 STEF 7 Comments
Braced | Maximum BWL BWL of Salected | Tabulated Adjusted Bracing l= Value I BWE Do BWPs
Wall EWP Support Spacing Braced Eracing Bracing Bracing Length in distance comply vrith
Line ID Offset Condition (Fest) Wall Method Length Length par | Provided Column frtsm znds maximum
from y Line is) Table Tahle by BWPs Gz of BWlL = i0'oc
BWL 2 47 Roaf only (feet) R602.10.3 | RA&0Z.10.Y {inches) Yalue in 10? spacing hitwn
(Yes ar g;’;f:?’ J}":”J’ (1) 2) (Inehes) Calumn (Yes or BWPs?
Ho) 2 oo (feet) F? Mo) {Yes or Ma)
(Ves ur
Ho)
Braced Wall Lines
£
(int.
| right
side of = 17 . LB (2- . 56" x adl 16.6' Almast 200
Kitch,. | 0K Roof only (@) 41 sictedd) 5.6 9.2t roitad 0K 0K oK extro caparlty
| Bath at
| barage
| }
| D rf m; u5e GH_
1 p &l i astening o,
| (right oK Roofonly | 200 we | GBIE 6.5 o L oK 0K on i
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OPENINE G
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outside
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{ha corner
refunis)

Source: IRC Wall Bracing: A guide for builders, designers

https://www.appliedbuildingtech.com/rr/1601-01

, and plan reviewers

EXAMPLE DESIGN:

Used wood structural panels where needed
(e.q., street facing & garage opening walls)
Used interior gypsum walls where needed to
optimize exterior wall bracing

Used FPIS ci on exterior and enhanced fastening for
Gypsum Bracing of exterior walls on interior side
Wind uplift wind load path per code w/ long
self-drilling screws

Saved several thousand on above-grade framing
cost

Saved couple thousand on slab foundation using
FPIS ci for FPSF foundation

Improved energy efficiency above minimum
energy code

Reduced carbon footprint of building by about
2,500 kg CO2e (mainly reduced concrete

in foundation)

ABTG



https://www.appliedbuildingtech.com/rr/1601-01

Help 1s here!
(Turbotax for Wall Bracing)

= |RC wall bracing free on-line
calculator

= Aid to complying with the IRC
wall bracing provisions and
documentation of compliance.

= Also helps optimize design for
building and energy code
compliance.

Edit Project: Lake House Ranch Spec

Project Details Braced Wall Lines

Calculation Status

Project Status

User

Project Name

Address

Building Type

MNumber of Stories Above Grade
Design Wind Speed [7]

Wind Exposure Category [7]
Seismic Design Category [7]

Comments

(%) Calculation incomplete

Draft

This report cannot be finalized—calculation is incomplete.

Jay Crandell, jerandell@aresconsulting.biz

Lake House Ranch Spec

Flatwater, NE

Detached one or two family dwelling

1

115

Exposure C

A

Case study home {actual construction)

[*] save Project &, View Report

https://www.continuousinsulation.org/irc-wood-wall-bracing-calculator



https://www.continuousinsulation.org/irc-wood-wall-bracing-calculator

“a
& Foam Plastic Applications
- 4 for Better Building

Additional Resources:

Camens arginally poclicse!

“Right-Sized” Wall Bracing &

8 A SSGaNT fem ACEE Feam Sheatiing Cominies

Foam Plastic Insulating Sheathing (FPIS)

INTRODUCTION

Wall bracing provides necessary structural integri-
ty to a home or building during an extreme wind or
selsmic event. But, wall bracing is not a one-size-fits-
all propaosition. Too little wall bracing decreases the
safety of the structure. On the other hand, too much
wall bracing wastes resources and adds unneces-
sary cost. To achieve an affordable, safe. and ener-
gy officient home, ane must "right-size” wall bracing
together with other important design considerations
for overall value {cost and performance).

Foam plastic insulating sheathing (FPIS) 1s not a
wall bracing material. k is, however, a multi-func-
tional exterior wall sheathing with many benefits
and capabilities including thermal performance as
centinuous insulation, moisture resistance, and oth-
er building science benefits. When teamed-up with
a “right sized™ wall bracing approach, FPIS can be
used as the sole exterior sheathing behind cladding
or as “over-sheathing” placed over exterior structural
sheathing or panel bracing material. In both cases,
the FPIS serves to protect the wall structure against
costly and damaging effects of water, vapor, and
thermal bridging.

% USGS Highest hazasd

soteiee fr 7 hAniRT word

| Huiricane
Wind Hazard

Map for Wind and Earthguake Hazards in U.S.

Sovrce MIE LAk ke Rise Redacion ia Uuildiv 25 a0 askus e Prome
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In high wind and seismic hazard regions and particularly for larger custom
or luxury hames, it is necessary to use stronger bracing methods with lit-
tle flexihility in how te achieve acceptable wall bracing. However, in lower
wind and seismic hazard regions covering most of the US. (see Figure
1) opportunities exist to “right-size” wall bracing to maximize overall wall
value with FPIS as shown in the following case studies.

Far a simple and affordable house plan of 1 or 1-1%
stories (see Figure 2), an optimal wall construction
for structural and energy performance may include:

= Gypsum wall board on the interior side of exterior
walls (installed as wall bracing per code).

= Wood let-in or metal angle or X-braces applied to
surface of studs {as needed per code to supple-
ment gypsum bracing or to serve as temporary
bracing during construction).

= 2x4 (R13) or 2x8 (R20) framing and cavity insulation
as required by the building and energy codes.

= RE to R10 rigid FPIS continuous insulation (ci) on the
exterior side of the wall studs.

- Other companents (siding, water-resistive barrier,
vapor retarder, etc.) as required by code.

CASE STUDY 1: Basic Affordable Home

Braced Wall Lines
F = T braced wal [me
B = back braced wall Ins
L = Lofi bracod wall line
R = Raght bracer wall kne

n Example plan for a basic affordable home.

o B WO Bty A S il 1 Suilitiors S

s st Fln i

IRC Wall Bracing: A Guide for Builders,

Designers and Plan Reviewers

Residential Structural Design Guide —

2000 Edition

“Right-Sized” Wall Bracing (FACTs Sheet)

For more infermation, visit continuousinsulation,org

iz 3re hasad on cptmizing campla 1o w1 e eeratie 1 Residen
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https://www.appliedbuildingtech.com/rr/1601-01
https://www.appliedbuildingtech.com/rr/1601-01
https://www.huduser.gov/publications/
https://www.huduser.gov/publications/
https://www.continuousinsulation.org/sites/default/files/uploads/attachments/node/210/ci-factssheetwallbracingfinal.pdf



