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A. What is the building thermal envelope (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.

IECC Definition:

BUILDING THERMAL ENVELOPE. The basement
walls, exterior walls, floors, ceilings, roofs and any other
building element assemblies that enclose conditioned space
or provide a boundary between conditioned space and
exempt or unconditioned space.

Also known as “building enclosure”

Source: www.continuousinsulation.org

Why is 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, and its
contents from the outdoor environment
(wind, rain, U/V radiation, temperature and Source: sww continuousinsulation.org
humidity cycling, etc.)

“Without a good building envelope, ...HVAC system
and design actions become more difficult and

* Determines the Ilfe-cycle operatlonal cost, costly, and uncertain in their effectiveness [to

energy use (heating/cooling), and carbon control the indoor environment].”

footprint/handprint for the building. Source: ABTG RR No. 2006-01, p10, o
https://www.continuousinsulation.org/topical-library/healthy-
buildings




Functions of the BTE

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

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

o 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]

o 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

AN \Tﬁ

A"

—

by the building and energy code.
* Some “layers” or materials can perform multiple functions depending

on design approach and material properties
* FUNFACT: 5VR x5 AB x5 ci x5 cavity x 6 WRB x 5 str shtg x 9 cladding

eSS

9

= 168,750 possibilities to configure a wall! (and not all are equal,

though most may be code compliant)

|

Source: www.continuousinsulation.org

B. Foam Plastic 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 rigid cellular phenolic
thermal insulation
 Spray Polyurethane Foam (SPF)
* “Spray foam”
* Open cell spray polyurethane foam (ocSPF)
* Closed cell spray polyurethane foam (ccSPF)
* Variable densities and R-values for different applications
* ICC 1100 - Standard for spray-applied polyurethane foam plastic

¢ Main Code Sections for Foam Plastics: IBC Section 2603; IRC Section R303/R316

* NOTE: Various insulation materials can be used, but this presentation focuses on
appropriate, code-compliant use of foam plastics.

h .
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ANSI FS200.1 Standard for FPIS Applications

¢ Scope
o Above-grade frame walls
o Labeling & Quality Assurance

o Wind resistance
o WRB (water resistance)
o Vapor Control

o Window installation ANSVABTG FS200.1 - 2022
o Cladding installation

6083106

Standard for Use of Foam Plastic Insulating

Sheathing (FPIS) in Building Envelopes:

* Addresses Above-grade Walls
o Performance criteria (design)

o Evaluation/testing criteria by application

rican Nag
e tiong
o Song,

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

¢ Exclusions
o Refer to locally applicable code for fire safety requirements

https://www.appliedbuildingtech.com/standards

(e.g., IBC Chapter 14 and 26; IRC Section R303/R316)

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

E Lane
Madison, Wisconsin 53

719
710

ICC 1100 Standard for SPF

* Scope:
o minimum physical property and
performance requirements

o demonstrate compliance with the !
intent of the model building codes ;

o variety of construction applications | = ‘|
o basic installation requirements

o single- and multiple-component SPF
insulation

o nonstructural building construction
applications.

Source: https://codes.iccsafe.org/
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C. BTE Insulation Applications

* Two building thermal envelope insulation
applications are defined in the IECC:

o CAVITY INSULATION. Insulating material located between
framing members.

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

* FPIS is typically used as continuous insulation, but can be
cut to fit cavities.

* ccSPF is typically used as cavity insulation, but can also be
applied as continuous insulation, also as air sealant

* ocSPF is typically used as cavity insulation

Continuous

11

Without Ci With Ci
What iS the main Cavity insulation Cavity + Ci insulation
only (or Ci only)

difference between
Cavity insulation
and Ci insulation?

max
Source: Dryvit/Dow

* Location, location, location

Steel wall stud Steel wall stud
{thermal bridge) {with ci thermal breal

* Continuity

Heat flow
Heat flow thraugh stud
through stud
Cavity insulation

Cavity insulation

continuous insulation
only FPIS ci)

(FPIS ci)

Therma! bridging in steel framed wall with cavity insulation and
insulation (c).

Thermal bridging in steel framed wall with cavity insulation only. insulating st
Source: www.continuousinsulation.org 12

9
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D. Multi-functional Capabilities of FPIS

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

* BTE Functional Capabilities
* |ECC - Thermal Insulation (continuous and cavity)
¢ |ECC - 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 multi-functional capabilities =
=>» satisfy multiple code requirements
=> simpler assembly
=>» optimized cost vs. performance

¢ For additional information refer to:

e https://www.continuousinsulation.org/applications
-continuous-insulation

* https://www.americanchemistry.com/industry- Source: www.continuousinsulation.org
groups/spray-foam-coalition-sfc

e
L Water Control
aaaaaa
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Multi-functional Capabilities of SPF

* Insulation

* Air sealing

* Adhesive

* Enhanced wall
structural properties

R
Air sealing &
insulation for
floor perimeter

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

Ci/WRB/AB on school
(masonry cavity wall)

(www.energyefficientsolutions.com )

14




FPIS structural composite sheathings

* Multi-functional Sheathing
(Structural Sheathing + FPIS ci
+ WRB + AB + vapor control)

*5in 1 product

* Several code-approved
products

E. General Code Requirements

* Product Labeling
* Installation Requirements

3/6/2025



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

e NOTE: This is discretionary and not a clear code requirement for R-
value verification. Use where R-value claims are questionable.
* |ECC €303.1.1/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)
* |ECC 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)
* |ECC C303.1.4 Insulation product rating

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

e For insulated siding, code requires ASTM C1363 testing

GUIDE

QUIOK R-value Compliance Determinations:

How to Appropriately Verify Building Wrap &
Airspace Performance Claims

pectian, it s important ta verify that matenals

fying a product, approving a buiiding plan for permit. providing a buiiding energy rating, of giving a “pass”™
have

foundation for snergy

vides 5 i
otiver buiding products are vafid.

BACKGROUND

This section provi

wny claimed of labeled R.value. Things may not actuaily be as they first appear. This Ouic

Revalues may warant 8 catefully considered complisnce de-

ation following a 3-step process outlined in the next
section. The exampies involve airspaces, buiding materiass,
o

¥

are ot axhaustive and are provioed as & DAt 1or using in
formed Judgment when considering the need for an Rvalue
eomplance determination
- ! ;

fope assembly is known 1o contribute to the overall thermal
parformanice of the sssembly. Howevar, tha actual or design
ficantly depending on
various eonditions of use. such a5 the airtightness of the as.
semby of materiais enclasing an akspace.

Mirspaces when seated or enclosed generally provide an R
value of less than 1 Values can be liger (¢.g., R-2 1o R-2.5)

©
ditions, this type of product may

o
reflective airpace of s fitle as R4 or less where such an
sirspace s not present {see Figure 2)

In short, if an Rvalue claim seems 100 good to be true, it very well may be.

wiFigure 1] e wiFigure2] [la—faea
[ )
et | Bsie terior | Esterior
I sospace || -mhemar
h B M
Revalue? Rovalue?

https://www.continuousinsulation.org/resources/quick-guides
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IBC/IRC on Product Labeling for Foam Plastics

* 2024 IBC Section 2603.2 / IRC Section R303.2 Example Product Marking/Label for FPIS ci:

Labeling and identification. Packages and
containers of foam plastic insulation and foam
plastic insulation components delivered to the job
site shall bear the /abel 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

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

ICC-ES Listing Report

u

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

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

abae
CERTIFICATION

b

Technical Evaluatipn Report™

TER 1309-03

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

SN—>—~
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Orientation for Metal Stu

Installation Requirements oo e

* C303.2/R303.2 All materials, systems and
equipment shall be installed in accordance
with the manufacturer’s installation
instructions and the International Building
Code /International Residential Code.

* C303.2.1/R303.2.1 Protection of exposed
foundation insulation

- Fasten Product through sheathing to metal stud framing with

Layout for Metal Stud Fra
+ Use maximum length Pro

* Applies to exterior insulation on foundations

* Rigid, opaque, weather-resistant protective
covering required for exposed insulation and it
shall extend not less than 6 inches below grade

* C303.2.2 Multiple layers of continuous
insulation (not in IECC-R, but should be)

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

insulation). Source: h

ttps://www.atlasrwi.com/resources

Basic Installation of FPIS
* #1 - Follow manufacturer’s installation
instructions mi
* 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 preferred)

* 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!

v

Interior
Spacing

v

Edge
Spacing

3/6/2025
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Installation of SPF

* #1 Follow manufacturer’s instructions
* Industry program available to certify installers
* Manufacturers also provide installer training
* Installers provide jobsite installation certificate

¢ Instructions should be based on ICC 1100 standard

* In general:
¢ Refer to installer’s installation certificate

* Measure thickness using a probe or depth of structural
members

The SPF shall have no signs of shrinkage, including pulling
away from the substrate or framing

* Cracks or gaps shall not exceed 1/16” in width

* Visible cracks less than 1/16” in width shall be sealed
with one-component polyurethane foam or similar

* No cracks shall extend from the substrate to the surface
of the SPF

SPF shall be well-adhered to the substrate

Blown or Sprayod Fibarglass or Collulose - Walls
ke per Inch:

Coverage A
B39 Count

Biown or Sgrayed Fibarglass or Callulose - Ceiling
ReViEA par Inch

B3 Count

Flst CallingiAttic
Type of msistoy
Manutacturer:
Rovaie

Single Raftor Joist Vaulted Calling

Revighon

Insulation Instaiier:

Sprayed Polyurethane Fosm {SPF)
Derary

Instaled Trackness:

Il. Residential & Commercial Fire Safety

Fire Science and Fire Safety
Principles of Fire Safety

Fire Safety in the Built Environment
IBC/IRC — Fire Safety for Foam Plastic

oo ®

22

3/6/2025

11



A. Fire Science and Fire Safety

* Fire Science is: * Fire Safety is:

= Study of fire

= The prevention or reduction of fire and
effects of fire

= Causes
= Effects = Derived from
= Chemistry = Policies and procedures
= Behavior = Practices and designs
= Evaluation / Testing = Regulation**
* “Fire Triangle” is an example of = Systems and devices
fire science * Education

= Does not change based on

jurisdictional boundaries ** Regulation most often requires fire performance

testing

23

B. Principles Fire Safety

* International Fire Safety Standards: Common Principles (2020)
= Published by the International Fire Safety Standards Coalition

= Universally applicable framework of five (5) common principles of fire safety for
application to regulatory schemes:

Prevention - Safeguarding against the outbreak of fire and/or limiting its effects

Detection and Communication - Investigating and discovering of fire followed by
informing occupants and the fire service

Occupant Protection - Facilitating occupant avoidance of, and escape from, the effects
of fire

Containment - Limiting of fire and all of its consequences to as small an area as
possible

Extinguishment - Suppressing of fire and protecting of the surrounding environment

24

3/6/2025
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C. Fire Safety in the Built Environment

* Fire safety in the built environment is...

= ..based on our knowledge and application of fire science

= _.important throughout the building life cycle and construction value chain
= ..aresult of compliance with applicable regulations and standards

= .affected by regional and local needs, norms, et al

* Fire safety regulatory provisions and requirements should satisfy one or more

principles of fire safety.

= They prescribe design, testing, and performance requirements.

= What fire risk(s) do they address?
= How are they organized or structured?

25

D. IBC/IRC Fire Safety - General

REMINDER: Unless noted otherwise, the information and
code references are in context of the 2024 Eds. of the IBC &
IRC and for uses in the building thermal envelope.

* The stated Purpose of both the IBC and IRC is to establish
minimum requirements to, among other things, provide a
reasonable level of life safety and property protection
from the hazard of fire.

= |BC Section 101.3

= |RC Section R101.3

* The other International Codes (I-Codes) may also contain
fire safety provisions in context of the respective code.

* Coordination of requirements in other applicable codes or
standards with IBC/IRC fire safety requirements is
necessary to ensure compliance with both.

241RC

R INTERNATIONAL
/ RESIDENTIAL CODE
ERONE- A

:‘24 I B E
AN)  INTERNATIONAL
) BUILDING CODE

Copyright © 2023 International Code Council

26
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D. IBC/IRC Fire Safety - General

* Fire safety under the IBC/IRC is achieved through compliance with multiple
coordinated and reinforcing layers of prescribed requirements for building
design and for fire performance / fire testing.

= Design requirements include: = Fire testing and performance

* Passive fire protection requirements include:
" Materials of construction = Material tests — e.g., ASTM E84, UL 723,
" Fireblocking / firestopping ASTM E136, NFPA 259, and others
=  Fire-resistance-rated construction = Assembly tests —e.g., ASTM E119, UL 263,
- rir?téeparatiin distfance diant heat NFPA 268, NFPA 285, and others
- gnition resistance rrom radiant hea .
= Vertical and lateral flame propagation = Tests evalu?t_e. performance such as:
= Interior finish classes * Combustibility
= Thermal/ ignition barriers = Surface burning characteristics

= Active fire protection = Ignition resistance from radiant heat
=  Automatic sprinkler systems exposure
= Sensing & notification systems = Vertical and lateral flame propagation
= Other fire and life-safety systems = Fjre resistance

27

D. IBC/IRC Fire Safety - General

* The scope of buildings regulated by the IBC and IRC differ...
* |BC Section 101.2 Scope

* Every building, structure, or any appurtenances connected to such buildings or
structures ... except:

* Detached one- and two-family dwellings and townhouses, and their accessory
structures, that are three stories or less in height and with separate means of egress
are required to comply with the IRC —‘

* |RC Section R101.2 Scope

* Detached one- and two-family dwellings and townhouses, and their accessory
structures, that are three stories or less in height and with separate means of egress

28

3/6/2025
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D. IBC/IRC Fire Safety - General

* Compliance of foam plastic and its
uses with code requirements related
G to fire safety lies at the intersection
Requirements of:

- * General requirements

\ T * Material requirements
* Requirements Based on Use

* This intersection is influenced by all

applicable codes and standards, e.g.:

* Building and energy
* Building and energy and mechanical
* Residential and energy and wildfire

Material
Requirements

Requirements
Based on Use

29

D. IBC/IRC Fire Safety - General

* Foam plastic / foam plastic insulation is generally treated the same by both
IBC and IRC in terms of fire safety and fire performance, however,...

* The IBC’s broader scope results in more and more complex fire safety provisions than
the IRC, e.g.: Construction Type and Occupancy Group classifications; height and area
limitations; requirements based on Type, Occupancy, building location, etc.

* Fire safety provisions of the IBC are, at times, more stringent than those of the IRC,

e.g.: multiple assembly tests for exterior wall assemblies; higher and varied fire-
resistance ratings; opening protections; etc.

3/6/2025
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D. IBC/IRC Fire Safety - General

= |BC (Chapters 3, 5, and 6)
= Separates buildings into five (5)
Construction Type classifications based on:
= Materials of construction...
= Noncombustible or any material
= _.and min. fire-resistance ratings...
= _.of primary building elements

= Structural frame, bearing &
nonbearing walls (both interior &
exterior), roofs and floors (and
associated secondary structural
members)

= Separates buildings into Occupancy
Classifications and Groups based on:

= Building’s intended use and the
associated hazards/risks to occupants

= |BC — cont’d
= Type and Occupancy together influence
other requirements, including:
= Allowable building heights and floor areas
= Fire-resistance ratings

= |RC, in contrast:
= Does not separate the homes into
multiple classifications

= In many ways the IRC is seen as analogous
to IBC Type V construction

= Only covers buildings containing one or
two dwelling units that are occupied only
for living purposes

= |s silent on allowable floor area

31

D. IBC/IRC Fire Safety - General

* IBC Construction Types (Chapter 6)

Type of Construction
P IV (602.4)
Building Element I [ n \
¢ (602.2) | (602.2) | (602.3) V-A v-B Iv-c IV-HT (602.5)
(602.4.1) | (602.4.2) | (602.4.3) | (602.4.4)
Primary Structure NC* NC* Any MTorNC [ MTorNC [ MTorNC HT Any
'Eearing walls
Exterior NC* | NG [__NC* [ MTorNC [ MTorNC [ MTorNC [MT,NC, or HT| An
Interior | Any [ MTorNC [ MTorNC | MTorNC [MT,NC, or HT| v
Nonbearing walls & partitions
Exterior NC* NC* NC** MTorNC | MTorNC [ MTorNC [ MT, NC, or HT Any
Interior Any MTorNC | MTorNC [ MTorNC [ MT, NC, or HT
Floor & secondary members NC* NC* Any MTorNC [ MTorNC | MTorNC [MT, NC, or HT Any
Roof & secondary members NC* NC* Any MTorNC [ MTorNC | MTorNC [MT, NC, or HT Any

NC - Noncombustible material.
Any - Any material permitted by the IBC.

- Except as permitted in Section 603 and other sections of the code.
- Exterior walls of Type Il and Type IV-HT permitted to be constructed of other certain materials other than NC (see code).

HT - Heavy Timber (solid wood, laminated heavy timber or structural composite lumber).
MT - Mass Timber (solid, built-up, panelized, or engineered wood products meeting minimum dimensions in IBC Section 2304.11).

* |IBC 603 prescribes an extensive list of combustible materials & applications permitted in Types |
and ll, including: foam plastics in accordance with Chapter 26, Class A, B, or C roof coverings, and

combustible exterior wall coverings.

32

3/6/2025
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IBC/IRC Fire Safety - General

TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)
.
IBC ConStrUCtlon Types TYPEI TYPEIl TYPENI TYPEIV TYPEV
BUILDING ELEMENT
(Chapter 6) A B A B A B A B ¢C HT A B
Primary structural frame' (see Section 202) b | gebe qbe| go| qbec| g 3 20| 20 HT ibe| g
Bearing walls
[ ]
IBC Table 601 Exterior®: 3 2 1 o 2] 2] s 2] 2 2 10
i ini Interi o 2 1 1 2| 2 1/HTe 1
prescribes minimum ke 2 2 2l s d 2
. . . Nonbearing walls and partitions
fire-resistance ratlngs Exterior See Table 705.5
requi red for the Nonbearing wells end perttons
. T Interior See Section

different building o ojojojojojojajo) Ty |°]°
Floor construction and associated secondary

elements. structural members (see Section 202) 2 2 1 a1 2l = HE L
Roof construction and associated secondary 1.0 b, b, b, 1 b,
bt miesibers (5e€ Secin 202) M| abe| bl ge| abel o A% | 1| 14 HT el g
For SI: 1 foot = 304.8 mm.

8. Roof supports: Fi frame and permitted to be reduced by 1 hour where supporting a roof only.

b, Except in Group F-1, H, M.and 81 vorupancies, fire proleciion o siuchural membiers in roof porsbuction shall ol be required, inclusing profeotion of primry vl
frame members, moffmm ‘and decking where every part of the roof cons slrudn is 20 feet or more above any fioor or mezzanine immediately below. Fire-retardant-
treated wwdmammmlhall be allowed to be used for such unprotected mer

¢. In all occupancies, bsavylmba complyi gw\h&dn_@‘_maﬂbsa\msdh roof construction, including primery structural frame members, where & 1-hour or less
fire-resistance rating is requir

d. Not less than the fire-resislance rating required by other sections of this code.

. Not less then the fire-resistance rating based on ﬁrawpara(u dmm(s&_&m)

" Not Iosathen the freresisonce raing e reerenced n

o Hobuy s e e Boppening mere s o Rotms o s hn  fcorand & of sl hve & fr relstance et of ot lese then 1 hur.

Copyright © 2023 International Code Council

33
IBC/IRC Fire Safety - General
* IBC/IRC sections governing foam plastic insulation are:
* |IBC — Chapter 26 Plastic; Section 2603 Foam Plastic Insulation (2000 through 2024 IBC)
* |RC — Section R303 Foam Plastic
* Section R316 — 2009 through 2021 IRC
* Section R314 — 2003 and 2006 IRC
« Section R318 — 2000 IRC
* The provisions and requirements of IBC 2603 and IRC R303 are predominantly
related to fire safety.
* IBC Chapter 26, IBC 2603 and IRC R303 are regularly referenced throughout the
IBC/IRC when the use of foam plastic is permitted.
34

3/6/2025
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D. IBC/IRC Fire Safety - General

* IBC * IRC
= 2603.1 General = R303.1 General
= 2603.2 Labeling and identification | " R303.2 Labeling and identification
= 2603.3 Surface burning characteristics = R303.3 Surface burning
* 2603.4 Thermal barrier characteristics
= 2603.4.1 Thermal barrier not requiredm = R303.4 Thermal barrier

= 2603.5 Exterior walls of buildings of = R303.5 Specific requirements

any height = R303.6 Specific approval
® 2603.6 Roofing = R303.7 Termite damage
= 2603.7 Foam plastic in plenums as = R303.8 Wind resistance

interior finish or interior trim
= 2603.8 Protection against termites
= 2603.9 Special approval
2603.10 Wind resistance

35

D. IBC/IRC Fire Safety - General

* |IBC & IRC begin with two, base requirements for all products & uses:
= Material — Surface burning characteristics — IBC 2603.3 / IRC R303.3
= Design — Thermal barrier protection— IBC 2603.4 / IRC R303.4

* Other IBC/IRC sections modify or add requirements depending on the
specific use; e.g., different elements of the building thermal envelope:
= Exterior wall assemblies
= Roof assemblies and/or roof coverings
= Attics, crawl spaces, foundations
= Fire-resistance-rated assemblies

36

3/6/2025

18



D. IBC/IRC Fire Safety - General

——
* Both IBC & IRC require labeling of foam plastic / foam | euecorecioeror sutone prooucrs Wi
plastic insulation. s =
= Labeling and Identification — IBC 2603.2 / IRC R303.2 D JE s/
“Packages and containers of foam plastic insulation and foam \ ﬂ I’

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 the end use will comply with the code ' Report Directory
requirements.”

Reports Program Listiog Program Listing Progeam

* Fire test performance is a very common within the B = s
labeling of foam plastic / foam plastic insulation. '

¢ Comes in the form of listing reports and code evaluation
reports published by accredited third-party organizations
to online directories. Create a Search Now

37

UL Product iQ®

D. IBC/IRC Fire Safety - General

* Listing Reports * Code Evaluation Reports

= Describe how a product performs in * Describe how a product complies with
specific, identified tests; e.g., ASTM E84, requirements of identified codes; e.g.,
NFPA 285, UL 263, etc. IBC, IRC, IFC, IECC, etc.

= Depending on the test, the listed * Fire performance and associated code
performance may apply to the product provisions are a key component of code
itself or for an assembly that contains the evaluation reports for foam plastic and
product. foam insulations.

Code Compliance Research Report
CCRR-U.

ntertek

o Quatn. s

‘{r;J(:llLUﬂHDN UL Evaluation Report
SERVICE
201 cermiricar

Technical Evaly &

TER130] www.icc-es.org | (800) 423-6587 |
- Rmax® Rmax® =
www.icc-0s org | (800) 423-8587 | (562) 699-0543 e g Rmax® ECOMAXci® FR, and Rm{ ICC-ES Evaluation Report
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D. IBC/IRC Fire Safety - General

* Important items to remember regarding fire performance testing of foam plastic
and foam plastic insulation

= The as-tested thickness and density of foam plastic are typically considered worst-case for
fire testing and subsequently become maximum quantities recognized.

= This is the case for both material and assembly fire tests.

= |IBC and IRC requirements often include language regarding foam thickness and density.
= Additionally, in fire tests of assemblies:

= The observed performance is limited to the materials tested, in the configuration tested.

= There are opportunities for qualified persons to extend test results/data to assemblies
that are based on (i.e., similar to) the tested assembly.

= Listings and code evaluation reports from approved agencies will include information
regarding limitations to recognized thickness, density, and assembly configurations.

39

D. IBC/IRC Fire Safety - General

» Examples of limitations to thickness / density;

= Surface burning characteristics — IBC = The IBC includes several exceptions that
2603.3 /IRCR303.3 modify / add to the base requirements:
= Testis ASTM E84 or UL 723. = When used as interior trim.
= Flame Spread Index (FSI) </= 75. = When used in certain cold-storage buildings.
= Smoke Developed Index (SDI) </= 450. = When a part of a certain Class A, B, or C roof
= When tested at the maximum thickness covering assemblies.
intended for use. = When intended use is greater than 4 inches.
= Both IBC/IRC sections include = When used in certain interior signs.

provisions when foam thickness

} = The IRC provides an exception that allows
exceeds 4 inches.

thickness >4 in. if FSI </=25 and SDI </= 450

* Related to certain uses / conditions. at 4 inches and the max. density intended for
= Incorporates large-scale tests in use, and the foam is protected by a thermal
addition to ASTM E84 / UL 723. barrier* [*-see next slide]

40
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D. IBC/IRC Fire Safety - General

* For foam plastic and foam plastic insulation, both IBC & IRC require

= Thermal barrier protection —IBC = Note the following:

2603.4 /IRCR303.4 = |BC also recognizes:
= Foam plastic must be separated from = Mass timber or Heavy timber (HT) in
the interior of the building by a accordance with IBC 2304.1 a
thermal barrier consisting of... prescriptive thermal barriers.
= Prescriptive —...min. 1/2 inch = |RC also recognizes:
(12.7 mm) gypsum wallboard * Min. 23/32 inch (18.2 mm) wood
= Performance —...a material tested structural panel as a prescriptive
to, and meeting, both the thermal barrier.

Temperature Transmission Test
and Integrity Fire Test of NFPA 275

This Photo by Unknown Author islicensed 41
under CCBY

D. IBC/IRC Fire Safety - General

* IBC & IRC allow installation of foam plastic without the prescribed thermal barrier
in several specific uses, subject to certain limitations and requirements.

= |BC 2603.4.1 Thermal barrier not required = |RC R303.5 Specific requirements
= 2603.4.1.1 Masonry or concrete construction = R303.5.1 Masonry or concrete construction

2603.4.1.2 Cooler and freezer walls R303.5.2 Roofing

2603.4.1.3 Walk-in coolers R303.5.3 Attics

2603.4.1.4 Exterior walls, one-story buildings R303.5.4 Crawl spaces

2603.4.1.5 Roofing R303.5.5 Foam-filled exterior doors

2603.4.1.6 Attics and crawl spaces R303.5.6 Foam-filled garage doors

2603.4.1.7 Doors not required to have a fire protection rating R303.5.7 Foam backer board

2603.4.1.8 Exterior doors in buildings of Group R-2 or R-3 R303.5.8 Re-siding

2603.4.1.9 Garage doors R303.5.9 Interior trim

2603.4.1.10 Siding backer board R303.5.10 Interior finish

2603.4.1.11 Interior trim R303.5.11 Sill plates and headers

2603.4.1.12 Interior signs R303.5.12 Sheathing

2603.4.1.13 Type V R303.5.13 Floors

2603.4.1.14 Floors ) = |RC R303.6 Specific approval
2603.4.1.15 Separately controlled climate structures
= |BC 2603.9 Special approval New in 2024

42
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D. IBC/IRC Fire Safety —

Exterior Walls

43

D. IBC/IRC Fire Safety — Exterior Walls

* The IBC has significantly more and
detailed fire safety requirements for
exterior wall assemblies than the IRC.

* |n addition to requirements established by
Construction Type classifications, fire
safety provisions applicable to exterior
wall assemblies are also located in:

= |BC Chapter 7 Fire and smoke protection
features
®» Secs. 703, 705 (705.7.1 [New]), 711,
and 718
= |BC Chapter 14 Exterior walls
= Secs. 1402.4 through 1402.8, and 1405

through 1409
* IBC Chapter 26 PlasN

= Sec. 2603.5 1402.5, 1402.7, 1402.8,

and 1409 are New in 2024

Interior drywall =]

~ .
Vapor barrier  _ \\\ - T~ Exterior sheathing
e — -” L
o - 4 ——
Cavity insulation _____ ” ./ 4 4 “~Air and water barrier
P/ /] -
Base wall ! =~ Exterior insulation
structure ==
—
/‘ . __-Exterior cladding
T

i

*Vapor barrier's use and location in the
wall is climate specific

3/6/2025
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D. IBC/IRC Fire Safety — Exterior Walls

* Presence of foam plastic insulation in assemblies often drives / leads
requirements for fire testing. (See IBC 2603.5.)
* IBC 2603.5 Exterior walls of buildings of any height

= 2603.5.1 Fire-resistance-rated walls = Important to know / remember:
(ASTM E119 / UL 263) = Sec. 2603.5 requirements supersede other

= 2603.5.2 Thermal barrier requirements allowing walls up to 40-ft in

= 2603.5.3 Potential heat (NFPA 259) height without NFPA 285.

= 2603.5.4 Flame spread and smoke = Different requirements for construction
developed indices (ASTM E84 / UL 723) Types I-IV and Type V.

®* 2603.5.5 Vertical and lateral flame * Types I-IV ext. walls — Must comply with
propagation (NFPA 285) 2603.5.1 through 2603.5.7.

* 2603.5.6 Label required = Type V ext. walls — Must comply with

= 2603.5.7 Ignition (NFPA 268) only 2603.2, 2603.3, and 2603.4.

45

D. IBC/IRC Fire Safety — Exterior Walls

-l ! 0 Image
* IRC fire safety provision and requirements i’ L L e 0 Huntsman
for exterior wall assemblies are more limited |} ‘ - ;

than those in the IBC.
* Applicable requirements are located in:
* |IRC R303 Foam plastic
* IRC R302 Fire-resistant construction

* Largely determined by Fire Separation
Distance and the presence or absence of
an automatic sprinkler system.

* Includes fire-resistance ratings,
fireblocking, interior finishes, etc.

* |IRC does not contain provisions or requirements
for resistance to ignition from radiant heat
exposure (NFPA 268)

Image courtesy of Atlas

courtesy of

3/6/2025
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D. IBC/IRC Fire Safety —
Roofs

47

D. IBC/IRC Fire Safety — Roofs

* IBC Chapter 15 IBC deals with roof
assemblies and rooftop structures
= |BC 1505
= Establishes min. fire classifications for
roof assemblies for each Construction
Type
= Requires the listing of Class A, Class B,
and Class C roof assemblies:
= Listed assemblies / coverings shall tested
in accordance with either ASTM E108 or
UL 790.
= Sec. 1511.9 (New) for raised-deck
systems installed over roof assemblies.
= ASTM E108 and UL 790 tests evaluate an
exterior fire exposure (i.e., an above-deck
fire).

1 Image courtesy of PIMA

5 mu»‘%\/,\ b

Image courtesy of Huntsman
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D. IBC/IRC Fire Safety — Roofs

* Exposure of roof assemblies to interior fires.
= Thermal barrier
* IBC 2603.4 requirement applies to roof assemblies. | . ourtesy of Pivia
= Sec. 2603.4.1.5 permits no thermal barrier if:
= The foam plastic is part of a Class A, B, or C, roof
covering and

= The foam plastic is separated from the interior by
min. 0.47 in (11.9 mm) wood structural panel
sheathing with supported edges (blocking, tongue-
and-groove joints, other approved support), or an
equivalent material, or

The assembly has been tested and passes either
NFPA 276 or UL 1256 (expose under-side of decks).

= Fire resistance

= |BC 711 provides additional guidance and requirements
applicable to all floor and roof assemblies.

Image courtesy of Atlas
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D. IBC/IRC Fire Safety — Roofs ... Attics

* IRC requirements for roofing are less complex than in
the IBC.

= |RC R902 requires Fire Classification (Class A, B, or C) of roof
assemblies determined through ASTM E108 or UL 790 tests.

= [isting is required on if the adopting jurisdiction requires.
= There are no provisions in the IRC for fire-resistance-rated
roof assemblies.

* Note: If the foam plastic is installed to the underside of the roof
deck, then IBC/IRC provisions for interior uses, uses in attics, or
enclosed rafter assemblies, as applicable, will govern:

= |IBC 2603
= [RCR303

3/6/2025
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D. IBC/IRC Fire Safety —
Foundations

51

D. IBC/IRC Fire Safety — Foundations

* Where used in or on below-
grade foundation walls, there no
additional fire tests required
beyond the basic requirements
of

* |IBC 2603
* IRC R303
* Fireblocking

ages courtesy of Atlas
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Additional Resources

* North American Modern Building Alliance (NAMBA) —
* NAMBA Notes, articles, whitepapers, and fact sheets -
https://www.modernbuildingalliance.us/resources/
* Education materials — Live and self-paced —
https://www.modernbuildingalliance.us/education/

* Center for the Polyurethanes Industry (CPI)

e Polyurethane Products: Overview of U.S. Model Building Code Fire
Performance Requirements

* Fire Safety Guidelines for Use of Rigid Polyurethane and Polyisocyanurate
Foam Insulation in Building Construction

Ill. Residential & Commercial Above-grade Wall
Continuous Insulation

IECC — Thermal envelope compliance

IECC — 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

IBC/IRC — Wall bracing compliance

IomMTmMoUoO®p®
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A. IECC —Thermal Envelope Compliance

* Prescriptive R-value & U-factor Requirements

¢ |nsulation Methods N D

CONSERVATION CODE®

nnnnnnnnnn

Gypsum Wallboard
Ainterior Side)

Cladiding
(Exterion Side)

Source: ABTG

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

55

C301 Climate Zone & C302 Design Conditions

Dry (B) i Moist (A)

.
Maring (C)

SECTION C302
DESIGN CONDITIONS

C302.1 Interior design conditions. The interior design
temperatures used for heating and cooling load calculations
shall be a maximum of 72°F (22°C) for heating and mini-
mum of 75°F (24°C) for cooling.

Same for IECC-R and IRC Ch.11

Figure 3.4.2. U.S. Climate Zone Map
(Source: ©ASHRAE www.ashrae.org Standard 169, 2013)

IECC Figure C301.1 & R301.1 .

3/6/2025
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3/6/2025

Choose your compliance path

* C401/R401 International Energy Conservation
Code
1. Prescriptive Compliance IECC Prescriptive?
For BTE, the following choices:
* Prescriptive minimum R-values €
* Prescriptive maximum assembly U-factor

* Prescriptive component performance trade-offs (i.e.
COMcheck)

+ Additional Efficiency Credits

ASHRAE 90.1 7
OR
2. Total Building Performance (Section C407/R405) or ERI
(R406)
OR IECC Performance?
* C401.2.2 ASHRAE 90.1-2022 (commercial &
residential > 3 stories
* Also has prescriptive and performance paths for
compliance
57
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)
Climat | Building Mass Metal Framed Wood Framed
eZone| Use zo;ilfgg::lzo 2018 IECC | 2021 IECC | 2024[ECC | 2018IECC | 2021IECC | 2024 [ECC
0and 1 All other RO+10ci or
an Group R R-5.7ci R13+5ci RI3+5ci | RI3+5cior
(U-0.151) (U-0.077) | (U-0.077) | R20+3.8ci
5 | Allother (U-0.077) 1345 5 RO+12¢i or
Group R R-7.6¢i R13-3.8ci or RiOCI O R13+3.8ci or
3 All other (U-0.123) RO+12.6¢i or RéO U-0.064 R20
Group R R-9.5ci R13+7.5¢i | R13+7.5cior (U-0.064) (00 (U-0.064)
4 All other | (U-0.104) (U-0.064) | R20+6.3ci :
Except (U-0.064)
Marine | CTOUPR R-11.4ci
and | Allomer | (U-0:090) RI3+7.5¢i [ RIS 2cor
o (U-0.064) | RI3+10ci | RI13+10cior
4 Group R R-13.3ci (U-0.055) (528295051)
All other (Y RO+17.3ci or . RO 40r
6 . . R13+7.5¢ci or | R13+7.5ci or
Group R R13+12.5¢i | R13+12.5¢i or R13+7.5¢i . .
(U-0.049) R20+11ci .Scl (.“ R20+3.8ci R20+3.8ci or
All other : 00,049 R20+3.8¢i | (U-0.051) R27
R-15.2¢i (E0019) (U-0.051) (U-0.051)
7 (U-0.071) RO+21ci or
Groun R : RI3+15.6ci | RI3+15.6¢i | R13+15.6¢i or
up (U-0.052) | (U-0.042) | R20+143ci
(U-0.042)
R13+7.5¢ci RO+24ci or . RO+27.5c¢i or
¢ All other R-25ci (U-0.064) | R13+18.8¢ci | R13+18.8ci or (ﬁl;;;fi%?. RI3+18.8¢i | R13+18.8ci or
Gropr | (U003 [RIBFITS | (U-0037) | R201756i | 7y o0 6)‘ (U-0.032) R20+14ci 58
oup (U-0.045) (U-0.037) - (U-0.032)
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Prescriptive R-value & U-factor Requirements

IECC-R Residential Provisions
Tables R402.1.2 & 402.1.3

Wood Frame Walls

4 except Marine

5 and Marine 4

Climate Zone
2018 IECC 2021/2024 IECC
R13 R13 or RO+10ci
0,1and?2
»-an (U-0.084) (U-0.084)
R20 or R13+5ci or
3 RO+15¢i
(U-0.060)

R20 or R13+5ci
( U-0.060)

7 and 8

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

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

Moist (A)

Source: Energy.Gov Building America Solutions Center
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Typical Methods for Insulating Exterior Walls

1. 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 performance)

CAVITY INSULATION ONLY = CAVITY + CONTINUOUS HYBRID = CONT

NET PERM =

~ INTERIOR VAPOR RETARDER
4 (CLASS |, 11, OR ) AS REQUIRED

_~— EXTERIOR VAPOR PERMEANCE

_~—— CAVITY INSULATION R-VALUE
GYPSUM & VR

_— SIDING, WRB, SHEATHING, AB

FPIS R-VALUE (Re) (AS REQUIRED)
CAVITY INSULATION RE-VALUE (Ri)

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

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

LOCATE INWARD OF FPIS IF WRS IS LOWER PER
THAN FPIS OR OTHER EXTERIOR INSULATION

Source: ABTG & www.continuousinsulation.org

[~ FPIS RVALUE (Re) (AS REQUIRED)
; EMPTY CAVITY

?NO INTERIOR VR
;ﬁSTRUCTURAL SHEATHING (AS REQUIRED)

ALL "CONTROL LAYERS" (WRB, AB. VR, and
R-VALUE) TO THE EXTERIOR SIDE

Note: Arrangement of control layers
is material and climate specific.

60
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* Continuous Insulation (ci):
Insulation that is uncompressed

(%]

: w

...and continuous across =

all structural members %

. . (%]

...without thermal bridges <

other than fasteners and service g

openings. e
(IBC, IRC, IECC and ASHRAE 90.1 definition)

et

-

o

>

w

3

<

i

<

=

}—

(@)

w

[N

o

w

a

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

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

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

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

Continuous Only (no interior VR)

/—- FPIS R-VALUE (Re) (AS REQUIRED)

P EMPTY CAVITY
| _——NOINTERIOR VR
e

_——STRUCTURAL SHEATHING (AS REQUIRED)

—ALL "CONTROL LAYERS" (WRB, AB. VR, and
R-VALUE) TO THE EXTERIOR SIDE

Note: Arrangement of control layers
is material and climate specific
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Methods for Mass Walls (Concrete & CMU)

* Exterior continuous insulation (ci)
* ccSPF or FPIS

* Interior continuous insulation (ci)

* If not continuous due to floor-wall
intersections, then must use U-factor
to comply and account for floor-wall
thermal bridge impact.

* Integral Insulation
* Cavity insulation in core of blocks
(e.g., vermiculite)
* Continuous insulation in concrete
sandwich panel

ccSPF (ci + WRB + AB)
for Masonry Cavity Wall

(school addition)
62
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Methods for Metal Buildings

* Examples with ci (e.g., FPIS, IMPs or SPF)

DuPont Performance
Building Solutions

Nucor Buildings Group | f | =

* Example with Blankets*

FPIS

IMP

Huntsman Building Solutions

| g *Blankets are continuously draped over purlins
L | i but are compressed at purlins — doesn’t meet
| definition of ci (reduced R-value at purlins)

63

Coordinate with Building Code — 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 1405.3 of the International Build-
ing Code, as applicable.

64
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B. IECC —Thermal Bridging Compliance

* Types of thermal bridges & their impact

* Calculation methodology

* Energy use implications of thermal bridges
e 2021 IECC — Thermal Bridging

e 2024 |IECC — Thermal Bridging

* Mitigation methods and details

65

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.

66
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Clear-Field Thermal Bridge

* 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”
thermal bridges

Steel wall stud
(thermal bridge)

Studs account
for 25% of the
wall surface

Heat flow
through stud

==

=" 75% cavity

Cavity insulation
only

insulation

Steel wall stud
{with ci thermal break)

Heat flow
through stud

Cavity insulation

continuous Insulation
(FPIS ci)

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

67

Clear-Field Thermal Bridge — Wood Frame Wall Comparison

U-factor Comparison

Wall Component R20 R25 R20+5c¢i
Outside winter air 0.17 0.17 0.17
Siding 0.62 0.62 0.62
Continuous insulation 0 0 5
0SB - 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

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).

gl )
|l||illll|h||"|"u||u||i|ln

.01

Source: Dryvit/Dow
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2024 |ECC 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 Thermal Bridge

Point Element Photo by Shaunna Mozingo

CHI-FACTOR (x-FACTOR). The heat loss Source: Morrson Hershfeld LTD
factor for a single thermal bridge

characterized as a point element of a —

building thermal envelope (Btu/h x e

°F)IW/K].

PSI-FACTOR (y-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 x K)].

Linear Thermal Bridge

Linear Element

Source: Morrison Hershfield LTD
ASHRAE RP 1365

formance of Wall
of Floor Area)

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

016 1] W Clear Wall Only = Including Poor Details M including Efficient Details o 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

Figure 4.7: Additional building energy use based on thermal performance of the

wall bly for varying of inal exterior insulation for a mid-rise performa nce.

MURB in Edmonton (overall assembly thermal resistance in ft™°F'h/Btu alse given)

Source: Morrison Hershfield Ltd
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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

) iti . iti . Comparison of “Poor* and “Efficient” Thermal Bridging Details
Wall-window Unmitigated: Mitigated: at the Window-to-Wall Interface!

interface wall U-factor wall U-factor e ; Clear-fild Wall Thermal | Adjusied Wall Themmal
0 Thermal Bridge Condition Performance Perfom ce including

reduced by 50%  reduced by 25% | r1se7 scisteel famey | w all Ivertace | Reduction

Linear in Wall

Detiling Themmal Uitetor | EMective [ oo | Effective |  Thenmal

ance | OB | Revalue | U Revalue | Perfomance

an) E)

R
| ‘; (Psi-factor
[ |

|

|

ind
s resulting in a

would
nal

KEY: Continuity of continuous insulation
and alignment with fenestration.

Source: Morrison-Hershfield (2020) h Source: Barnes et al. (2013)

2021 IECC - Thermal Bridging

* 2021 IECC Above-grade Wall Definition:

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

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

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

Source: BC Hydro BETB Guide /
2. Simply adding more insulation to compensate (without Morrisan Hershfield LTD
mitigating thermal bridges) is another approach, but generally
less efficient use of insulation.

But, 2021 IECC lacks provisions for implementing this definition

72
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2024 |[ECC-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 Similar thermal bridging provisions

* C402.7.3 Structural beams and columns also in ASHRAE 90.1-2022

* 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

73

Mitigating Clear-Field Thermal Bridges

* Some ways to mitigate clear field . O Before
thermal bridges include: f bY Cavity insulation
* Reduce “framing factor” where }”]h"ll!!ﬂl""IIIIIIII'IIIIIII only
structurally feasible (wider frame spacing, ml"m[ l'm" l"“"
double stud framing, etc.) —— .
e Use low conductivity structural materials After

e 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.)

Cavity + Continuous
Insulation

Source: Dryvit/Dow

Fig1: Solid metal fastening Fig. 2: Version with plastic sleeve

soluti N £
https://www.trufastwalls.com/ solution and shorter fastener

thermal-grip-masonry-veneer-anchor
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Mitigating the Big Point Thermal Bridges

External

* Some ways to mitigate point thermal bridges include:

Internal

* Minimize penetrations of high thermal conductivity
materials through the building envelope.

Insulated building
facade

Rigid insulation board

* Encapsulate the penetrating element with insulation for at dinsulgion board
applied to beam internally

least 2 feet inward or outward from the envelope. Flaure 2.2 Locally insulated beamm

Avoidance of Thermal Bridging in Steel Construction

o . .
Use IOWer CondUCtIVIty materlals https://www.steelconstruction.info/images/5/53/SCI_P380.pdf

* Stainless steel
* 3x lower thermal conductivity than carbon steel

* 5x lower thermal conductivity than aluminum Q s =
* More durable (benefit for cladding attachments) i‘% b) Q:
* Various proprietary thermal break materials and devices g
(carbon fiber, fiberglass, structural thermal breaks, etc.) Structural thermal block for steel beam projections

through building envelope  Source: Google search

75

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

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

INSULATED PARAPET DETAILS
(Payette/AlA report)

E-Gull /—:",:’
/ INSULATED WINDOW
y—/""** | ROUGH OPENING DETAL
s f"/_;" — oreesemser | (USACE report)
NH—AL

OFFSET SHELF ANGLE
(AISC/SE ! article)

W HEADED STUD 024 O.C

i

NOTE: Coordinate detailing at floor-wall and
fenestration with NFPA 285 tested assemblies and
approved engineering analysis details (applies to Type |-

IV buildings, not Type V wood frame). 77

Cladding Connections and

Supports

—

162 0C
(32" 0.C. A.GIRT ShaTIG)
wLADING

‘_’ o) ©2)
LAY N |

KEY:

i Low thermal conductivity furring/cladding/ledger supports

| Sources: Payette/AlA report and productinfo from Google search |

e
(o Fe
o—2 1 ] v
@ o W
o —
N ‘_‘ 5 =l ——t
" [A]
\, {08) Fastener (Cladding to Hat Channel)
. Covemtrons
" ||| gi
e e {0)Framiog
B e
P
RN o o
o — T ) o—
N I
(-»x U P
TR T e« O
i

il 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. Z-furring penetrating through exterior insulation is cavity
insulation — doesn’t meet continuous insulation definition. See
] also: https://www.continuousinsulation.org/cladding-connections

78
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Thermal Bridging Resources

.
® Foam Plastic Applications
@4 for Better Building

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

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

79

C. Water/Air/Vapor Control — Code Compliance

Fundamentals of moisture control
Water Vapor Control

Air Leakage Control (AB)

Rain Water Control (WRB & Flashing)

80
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i. 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

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

RULE #1 of 3

Moisture Control for Wall Assemblies:

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

Mosture Content (%)
g H

RULE #1: Keep Water Vapor (Humid Air) Away from Cool Surfaces! "o
When installed in accordance with modem building code retarder) to control outward vapor diffusion in the winter and
and energy code requirements for continuous insulation and maintain inward vapor diffusion {drying) in the warmer sea-
water vapor control {see Cl's Quick Guide: Water Vapor Con- sons. This approach results in much dryer walls with a more
trol and wall calculators), FPIS ci keeps water-sensitive mate- stable moisture content throughout all seasons of the year

1HW Hose 2HW House 3 W

House 5 MW House 6 MW

niaks inside the wall dry by maintaining a temperature above
the dew point. Simply use the right R-value of FPIS o for the
wall assembly based on the climate zone and an appropn-
ately specified interior vapor retarder {or no interior vapor

INTERIOR VAPOR RETARDER
(CLASS I, I, OR Il AS REQUIRED

|NETPERM =

i [
CAVITY INSULATION R-VALUE
GYPSUMA VA

SIDING, WRE, SHEATHING, A5

in comparnson to walls that rely exclusively on the traditonal
use of interior vapor retarders without any temperature con-
trel provided by FPIS ci, as shown in Figures 1 and 2. Leam
more about the use of FPIS for water vapor control here.

‘/— FRIS R-UALUE {AS REQUIRED)
) CAVITY INSULATION RE-VALUE
f INTERIOR VAPOR RETARDER
# /_ (AS NEGESSARY)
| EXTERIOR SHEATHING (AS NECESSARY)
: i
T
]

| 1 1

e WRE [USE EXTERIOR SURFACE OF
//_ FPIS OF A SERARATE WARS MATERIAL
=5 TG INTERIOR OR EXTERIOR OF FPIS)

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

https://www.continuousinsulation.or,

resources/facts-ci

Houte 4HW.
— Housewrap Group Avi

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

Moisture Content- RS CI Houses
Interior Sheathing Surface - Above Grade Cavity

s

Molsture Content (%)

s House 7C1 House 3¢

ok 9C1 85
(B) Walls with R5 FPIS ci keeping OSB sheathing dry
[ Figure 2.| Comparison of 12 actual walls with and without RS FPIS cI
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Rule #2 of 3 I N

gesketed i iop plate

Exteriar sheatring coused,
glsed or gasketed ba top peie

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 ﬁ |
| ::

Cladding

Taped or sesled joinks iIn
exteriar sheathing

|| -~ Eateriar shealfing caullosd, glued
_.’_""_1 ar paskel=d to bobiom plate

Figure 3 as a code compliant air barrier, walls are less
vulnerable to the consequence of air leakage for two rea-
sons: (1) the FPIS ci will help limit air infiltration from the I
exterior (especially if it is also used as the WRB system, see :"“:‘::‘:::‘:-m“;:”‘"“'
RULE £3), and (2) it will also reduce the potential for moist

air to condensate on or be adsorbed by moisture-sensitive
materials inside the wall because it controls the tempera-
ture of those materials. Find more information on use of

i heridr sheathing causkoes,
“"--.__E
gleed or gaskesed b top piete

Taped or sesled jainks n
exteniar sheathing

P —

|| Exteriar sheathing caske, glued

FPIS as an air barrier here. pa=—]  arGasetad o batn piste
|
'h'"sm:“ | Exteriar sheathing caued, gisst
. . . . e pasiceted bo S8 plate
https://www.continuousinsulation.org/resources/facts-ci desgnate ak sow | o o
retsrder sysiem _l i PO
¥ -—-_l—SIII ete nsinlied owver B gaskes
I FPIS cl Installed as an air barrier
exterlor sheathing.

Ru|e #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 (WRB),
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 (e.g., joint tapes)
and flashing materials (e.g., adhered or fluid-applied flex-
ible flashings) as shown in Figure 4. FPIS WRB systems
are subject to some of the most stringent wall assembly
water-resistance test requirements. Find more information
on FPIS WRB systems here

| b s

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

https://www.continuousinsulation.org/resources/facts-ci
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ii. Water Vapor Control

IBC Section 1404.3 Vapor Retarders
IRC 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)

Satisfies Rule #1 of 3 —
Keep Water Vapor Away
from Cool Surfaces

QUICK
GUIDE

Foam Plastic Applications
for Better Building

This reference gulde summarizes key requirements and options
In the 2024 International Resldentlal Code (IRC) and 2024 In-
ternational Bullding Code (IBC) for design and construction of
code-compliant and molsture-resistant frame walls using foam
plastic Insulating sheathing (FPIS) as continuous Insulation (cl).
When used In a code-compllant manner, FPIS cl protects walls
against the effects of molsture by keeping walls warm to prevent
condensation while maximizing drying to the Interlor 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 deslgn 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. Varlous
moisture control research reports and other practical guides are
also avallable here.

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

STEP 1: KNOW INTERIOR VAPOR RETARDER CLASSES

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

with Steps 2 and 3:

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

CLASS ACCEPTABLE MATERIALS

]
than or equal to O.1.

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/resources/quick-guides
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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).

o

Dry (8)

TABLE R702.7(2) VAPOR RETARDER OPTIONS

CLIMATE VAPOR RETARDER CLASS
ZONE CLASS |* CLASS II* CLASS Il
1,2 Not Permitted | Not Permitted Permitted
Sl Not Permitted Permitted® Permitted
(except Marine 4)
Marine 5 ; See Table
s gl Pormimed® | Pemitted® | ponaory

U.S. Climate Zones

RESPONSIVE VAPOR RETARDER is 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 E96, water method
{Procedure B)."

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 thatis not a
responsive vapor retarder on the interior side with a Class | vapor
retarder on the exterior side shall require an approved design.

c. Where a Class\?‘:apor 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)

* Example 1: CZ 5 with Class Il VR
« IRC Table R702.7(3) or IBC 1404.3(3):
* Use min. R-5ci on a R13 2x4 wood frame wall (e.g., R13+5c¢i)

STEP 3: DETERMINE MINIMUM R-VALUE REQUIREMENTS FOR CI

TABLE R7027(3) CLASS Ill VAPOR RETARDERS

(only requirements for ci are shown)

* Energy code requires R13+7.5ci (OK, exceeds minimum Ci R-value for
vapor control

* Use min. R-7.5ci on a R20 2x6 wood frame wall

+ Exceeds energy code R20+3.8ci which doesn’t work for vapar control
(unless flash & batt in cavity, e.g., R13 batt + R7 ccSPF in cavity with
R3.8ci on exterior)

* Alternatively consider using Class | or Il RVR (Example 2)

* Example 2: CZ 5, Class | or Il Responsive Vapor Retarder

* IRC Table R702.7(4) or IBC Table 1404.3(4):
* Use min. R-5ci on 2x6 wall with R20 cavity (e.g., R20+5ci wall)
¢ Exceeds minimum energy code for 2x6 WFW (i.e., R20+3.8¢i) and

could use R19+5ci to get closer to minimum energy code (by
equivalent U-factor compliance)

* Class | or Il VR must be “responsive vapor retarders” (RVR) to
minimize outward diffusion wetting while promoting inward
diffusion drying

* Class Il RVR = kraft paper facer
« Class | RVR = proprietary membranes

* Generally, steel frame walls require more Ci R-value in

energy code and thus usually satisfy these vapor control
requirements.

CLIMATE CLASS lll VAPOR RETARDERS
ZONE PERMITTED FOR:
clwith R-value 2 2.5 over 2 x 4 wall
el 4 Marine
cl with R-value = 375 over 2 x 6 wall
| with R-value 2 5 over 2 x 4 wall
13
- C| With R-value 2 7.5 cver 2 x 6 wall
cl with R-value > 75 over 2 x 4 wall
6
clwith R-value 2 11.25 over 2 x 6 wall
clwith R-value 210 over 2 x 4 wall
7
ci with R-value > 15 over 2 x 6 wall
cl with R-value 2 12.5 over 2 x 4 wall
8
cl with R-value 2 20 over 2 x 6 wall
BLE R702.7(4) CONTINUOUS INSULATION (ci) WITH
CLASS | or Il RESPONSIVE VAPOR RETARDER
PER D OND O
0
3 \ clwith R-value 2 2
\ ¢iwith R-value 2 3 over 2 x 4 wall
4,5,6 X
cl with R-value 2 5 over 2 x 6 wall
7 ¢l with R-value 2 5 over 2 x 4 wall
¢l with R-value > 7.5 over 2 x 6 wall
¢l with R-value > 75 over 2 x 4 wall
8

¢l with R-value 2 10 over 2 x & wall

Re

Exterior Cl ~ |

Cavity

Insulation ~~_|
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3-Step Guide (cont’d)

* 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

code requires for exterior Ci-only walls.

STEP 3: DETERMINE MINIMUM R-VALUE REQUIREMENTS FOR CI

TABLE R7027(5) CONTINUOUS INSULATION (ci) ON WALLS
WITHOUT A CLASS |, Il OR Ill INTERIOR VAPOR RETARDER®

CLIMATE

ZONE PERMITTED CONDITIONS®*
4 clwith Rvalue 2 45
5 cl with R-value 26.5
6 ciwith R-value >85
7 ¢l with R-value > 1.5
8 cl with R-value 2 14

a. The total insulating value of materials to the interior side of the exterior

. H H continuous insulation, including any cavity insulation, shall not exceed
® Th e I’efO re, |f com p |y| ng W|t h ene rgy COd e R-5. Where the R-value of materials to the interior side of the exterior

minimums these vapor control
requirements are met.

* Footnotes are important!

* There still must be a max 1 perm vapor
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 a vapor retarder.

continuous insulation exceeds R-5, an approved design shall be
required.

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

o

FPIS R-VALUE (Re) (AS REQUIRED)

_——EMPTY GAVITY
‘/"ﬁ NO INTERIOR VR
_~——STRUCTURAL SHEATHING (AS REQUIRED)

/ ALL “CONTROL LAYERS" (WRB, AB, VR, and
R-VALUE) TO THE EXTERIOR SIDE

T Note: Arrangement of control layers
b // is material and climate specific

Simplified Energy & Water Vapor Code Compliance

* Implements R-value and U-factor ;"':‘Fl:“f;""“’ 'C“:"fv Putpt
. Building / Energy Code & Year
CheCkS per IECC & ASH RAE 90.1 romy e e ! Energy Code Thermal Check
2015 + IECC-C 2015 {Excluding group R) v l;l:::ctorMemnd ProposedWall  Code Requirement Comptiance Check
® Va por ContrOI CheCk per IBC/IRC Z.Clir;\-ate Zone and Heating Degree Days facor of opaque wall onso 00es  Passed
(including insulation ratio and - N
permeance ratio checks) 5 : T e

* Flexible, More Solutions than
Code, More Precise

Building Code Water Vapor Control Check

. s Heting digree days (Valid range: 5401 - 7200) Insulation Ratio (Re/Ri) Method
* Wood and Steel framing L e e
. Cladding = = = P
° 2‘m|nute Wa” deSIgn and il type and iyl QassIF 0ss 030 o/ Pasznd
optimization (or compliance erve— e
check) ’ -

Manufactures's rated Revalue 2t installed thickness.

e LIVE DEMO...(as time allows) o

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

FACTS

Foam Plastic Applications
for Better Building

2x4 vs. 2x6 Walls:

d E n ergy Code com p I lance Getting the Most Bang for Your Buck with Foam Plastic
. . . Insulating Sheathing (FPIS) Continuous Insulation
decisions impact structural
fra mi ng a nd m Oistu re Is it time to consider returning to a modern version of 2x4 walls?
t | I . | Table 1.|Comparison of 2x6 and 2x4 Wall Construction’
control compliance I e
(] H Framing Cost | 558 | 55 | 2x4 tess costiyfess wood (verlty local lumber pricing)
decisions and vice-versa. e : :
1story (16"0c or 24"oc) YES YES Both comply, 2x4 uses less wood
2 story (16°00) ves Ves Both comply, 2+4 uses less wood
e \Walls must be treated as ot s S YT
. . . Wall Headers YES YES Both comply, no difference
- Energy Code Compliance?
integrated, multi-functional [
R-value R20 R13+5ci Both comply
systems. e o 000 o057 o comy T s v Ui
‘A barrier Wrap whape FPIS wiape | Botn comply
Water & Vapor Control Code Compliance?
T [T Ty Gy S ———
Vapor Retarder | Varies by ciimate | _Varies by climate | FPIS has better water vapor performance (see Figure 2)

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

91

iii. Air Leakage Control

* 2021/2024 IECC-C Section 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)

]

* NOTE: While mainly an energy code compliance
concern, air barriers also play an important role - \
in control Of water vapor in coordination with https://www.americanchemistry.com/industry-groups/spray-foam-coalition-sfc

IBC/IRC vapor retarder provisions.

92
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FPIS ci & SPF as Air Barriers

* Air Barrier (AB)

* Most foam sheathing products meet air barrier

material requirements (air permeability test)
* Check manufacturer data/label

* |[ECC C402.5.1.3 lists “deemed-to-comply”

products, e.g.:
* FPIS (XPS and Polyiso of min %” thick)
* cCcSPF of min. 1.5” thick and 1.5 pcf density
* 0ocSPF 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 insulation.

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

o

T 1 i Drywall cauioed, gheed or
i | gesketed o top plate
Exterior sheatning crusos,
|

aheed or gasketed b top e

H——— Clackiing

————— Taped or sealed jints iIn
exterior sheaihing

: | 1 Exterior sheathing causioea, glued
,..,-.-’:'—,ur pasketed o bakioe plate
g ;

=
y

|
| J"-‘\'\‘_xberlur sheathing caubed,

1 alhued or gaskesed ks top e
I I

L |

Tape or sealang, over folnt
n exerior sheating

g ——— Taped or sealed jaints in
exterior sheathing

| Exterior sheathing cauioed, glued
-.‘r"'":rﬂ’.ur pasietad o balom plale
| ==

|
Merta: Shaden 1\
components
designate al Sow | |
relarder system

Exteriar sheathing cautoed, gluest
ar pasketed to S8 plate

i = il piate instalied owver sH gasket

| Figure 3.| FPIS cl Installed as an air barrier,,

exterior sheathing.

iv. 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

9
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Control of Water Intrusion

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

* Wind driven rain (WDR) is the primary hazard
* If rain water is not adequately controlled, other
control measures can be rendered ineffective (air
barriers, vapor retarders, drying potential, etc.)
* Concept is simple:
Keep water out!

WSEVERE = 31,5 infyr or greater
MODERATE = 1580 31.5 infyr
OLOW = <158 infyr

WIND DRIVEN RAIN (inyr)

Annual Average Wind Driven Rain Receipt (in/yr)

(map based on UofGA research)
(http://www.huduser.gov/portal/publications/reports/Guide-Durability-by-Design.html)

2-yr wind speed
(rain intensity = 0.02 injmin)

@"/‘M"\. 2 .00
el &

R

prp—

MPH

2 year precipitation less than 0.02 In gray-shaded areas. -

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

WRB & Flashing Code Requirements

* Use of a code-compliant water-resistive
barrier (WRB) and flashing details are
required by code (since the 2006
IBC/IRC)

* Why? We finally learned that claddings
and windows leak.
* Code approved methods include:
* No. 15 felt
* Grade D paper
* Various building wraps
* Sheathing types (e.g., FPIS w/taped joints)
* ccSPF

Vapor Retarder —~_

Structural Panel —
{as required)

— Flash all penetrations
10 this level

Insulation -

~— Botlomplate

/-~ Foundation

/
https://www.drjengineering.org/report/download/58
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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

ASTM E331, 2hrs @ 6.24psf with 5gph/ft? spray
No. 15 Felt = 5-7min @ 2.86psf (code benchmark) Flashing Tape (3-yr
exposure)

Comparison of water resistance tests for WRB materials

15# Felt Housewraps FPIS i Tape joints in-service

performance (~15
years after install)

Weathering v
AATCC 127 v
Taped Joints

< <8 (5

Full Assembly Water Penetration 97

IBC/IRC WRB Code Requirements

IBC 1403.2 / 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 Il

‘ 3. 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 E331in accordance with Section 1402.2.

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

FPIS ci can be used as WRB, air barrier,
and means to control water vapor
(multi-functional)

98
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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 barrier manufacturer’s
instructions. Where flashing instructiofg or details are not
provided, pan flashing shall be installed --

2. In accordance with the flashing design or method of a
registered design professional.

3. Inaccordance with other approved methods.

NEW in 2024 IRC

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.,

IBC Flashing Requirements

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.
2.
3.

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

Other approved methods.

The water-resistive barrier manufacturer's flashing instructions;
The flashing manufacturer's flashing instructions; .
New in 2024 — to match 2024 IRC
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* Other strategies may be
necessary depending

Four WRB strategies with FPIS ci

Simplest and most

efficient solution uses
FPIS ci as WRB System

* Simplifies window
flashing for finned
fenestration

on window location

(inny vs. outty window)
and window, cladding,

and trim detailing

FPIS-ci used as the WRB E2

[Separate WRB layer
applied behind FPIS on
all substrate

ISeparate WRB layer
applied over FPIS and
directly behind cladding

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 ™
30)

i

2.

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.

i

Easier to flash windows to WRB if window flanges 5

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. 2
Perhaps the most “fail-safe” installation. 1.
Otherwise Pros are similar to Strategy #2. 2,

WRBStrategy  Pros __________Jcons ___________|

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.

101

Icl

FPIS ci WRB Systems, Joint Tape, & Flashing

Also serves as air barrier.

102

3/6/2025

51



Spray Foam as WRB/AB

* Refer to manufacturer for
code-compliance data

Source: BASF

School Addition —
Masonry/SPF/Brick
cavity wall

103

Code-compliant FPIS 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/
applications/WRB

. ENGINEERING

DrJ Research Report
DRR 1410-05
Foam Plastic Insulating Sheathing
Products & Accessories Used as a

Code Compliant Water-Resistive Barrier
(WRB) System

Foam Sheathing Committee
(FSC) Members

Product:

Foam Plastic Insulating
Sheathing (FPIS) Products
approved for use as a water-
resistive barrier (WRB)

104
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ANSI FS200.1 Standard for FPIS ci Applications

* Scope

6300 Entprise Lane
. Madson, Waconan 53710
’ pefiridts
« Above-grade frame walls

« Labeling & Quality Assurance A%;I:@

. . e BraaeLLc
« Wind resistance

WRB (water resistance
Vapor Control

» Window installation

ANSI/ABTG FS200.1 - 2022
« Cladding installation

Standard for Use of Foam Plastic Insulating
. Sheathing (FPIS) in Building Envelopes:
Addresses Above-grade Walls
« Performance criteria (design)
« Evaluation/testing criteria by application

“e”“"”'"’“"‘"w,%
« Prescriptive criteria (“cook-book” design and installation) L
* Exclusions

» Refer to locally applicable code for fire safety requirements https://www.appliedbuildingtech.com/standards
(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)
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QU IC.K Moisture Control for Frame Walls ] @ waterresistive Barrier (wRE)

Code Compliant Wall Detailing
GUIDE

Foam Plastic Applications
for Better Buikling

Spaciy and nstall 3 WRE in sccordanc with IRC Setion R703.2 WRE material and lacstion options
Include:

© Surtsce of FPIS WRE System wi taped foints - FPIS surfacs used 5 WRE
© Sepatate WRS bening i - Any ci insulation 1ype not used 55 WRE
© Membrane (wiap). sproy-applied, of WRB wall sheathing (n0 c)

@ structural sheathing
Sheciyond nsta suciur shesiing e IRC Crapter 6 wihere
et it acing Examples e OS8,pyvioe s § aang ypes Pk, uces, sanercd vencen 61 0
i Wbt amoes e ot o s i r d A e s
ma ace cpions nctshown)

& IIC h n
g eat Sheet
@ Lo Sicings (v, wood, sluminum, foercement, etc) o @i

@ Drainage Space (ocation based on WRE option used)

] i s R e B ol A2 T RTO2T el 3 i o
o5kt et e e A S T e . i
S e i il e
Vo e e OO 1 [l oo e
m ! Dback-vented (e.g. furmed) or " \Where nen-vapor permeable (< 5 perm) ci s used (e g. FPIS). [t will mitigate inward vapor diive from
o T i it Sl i aecd i el
Flashing at siding transitons, fenes. 12) With exterior ¢l — siding nat required 1o be back-vented or vent- % 0 use & moderate 10 low perm WRS (2.0, < 20 perm) behind a vapor permeable ¢l material. I
e B nte gra te Code-
o e e el — D— ,
e v & e ook it e » . i
Pl o e
Eomiea @ Stuceo, Adnered Masonry Vancer, Cement Panel Siding, ete

pe R70323.In Mois!
aminimum 376" s requred. See

L s Compliant
| @ terior Vapor Retarcer (vey:: .
o o e 55 S SRRV 1 M oisture C ontro |
E permited without an approved design. Doubie vapar barriers* shadld be avolded.
it i s Mo s
e gt e o

For
k50 101RC Sacton RZ0215 Aemative drsinage methos inchde drainage mat, drain wi3p, o

Wit sepate WRE -
Raes musthave minimun 902 drainage efflency per ASTM E2273
are2028.

R702 ang
Bevalues per Tables R702.713) of () as applicable, Ciass Ul VR must be ‘smart” VR cl s FPIS eg..
®

Ponvapor permesbie), ihenwse use Ciass Il VR

Venaer (stone & brick)
tesources designedto help support

o Aol # ventilation and draining space required for 3l an-
chared sione ar brick veneerIn @l clmate zanes (see
Secton 703810

Table R702 specity Class.
Fman’ VR in Clmate Zones 5.2 and instll  an air barmier Use of & Clacs I VRt without e s nat
recommended even though permited.

M50 qualiies as enied cadding fo use of Class I VR
‘on walls without exterior o per Table RO27(3)

NorES oF RETARD) ano e
I Alr Barrier (AB)
o Tl A continuous AB & used nallclemate 20nes 1o achiore
o) EV recuired whole buidiing aiichange-ger-hous (ACH)
1imits per eneray code and 1o protect wal from maist
S

i intrusien. The designated AS materislyer must
have joint, seams, gaps,Intersections. and penetia-
Tlons sesied. AB materia can be ths WRE. the cl, e

,the ec6oF the.
VR or gypsum waiiboard. Any materialof combination
hereot must meat encrgy code requirements for AS
material properties (e, essentally o impemeablel
Recommended best praciice s 0 provide A8 o both
Sides of arpermesbie insufaton materais (2. on
‘extarior and interor sides of wall caviy for Impraved
thermal performance and mosture control

Buringe e ey 5
G atror2edsger. T FioATon e heren s ot &

——
»ICE—

https://www.continuousinsulation.org/resources/quick-guides
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D. IBC/IRC Fenestration Installation Compliance

IBC/IRC Code Requirements AB\ Research Report

TG

Field Installation Experience

° I nSta I I Ed Pe rfo rmance Testi ng Installation and Performance of Flanged
Fenestration Units Mounted on Walls
. Recommended inSta”ation with Foam Plastic Insulating Sheathing

. . ABTG Research Report No. 2104-01

Iinstructions

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

For more information, refer to: Report Written by:
https://www.continuousinsulation.org/window-installation Applied Building Technology Group, LLC

appliedbuildingtech.com

Final Report: April 7, 2021

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

107

IBC Code Requirements — Fenestration Install

* 2024 IBC Sections 1404.4 & 1404.13.1
* Flashing
1404.4.1 Fenestration flashing.

Flashing of the fenestration to the wall assembly shall comply with the fenestration manufacturer's instructions or, far conditions not
addressed by the fenestration manufacturer's instructions, shall comply with one of the following:

1. The water-resistive barrier manufacturer's flashing instructions.

2 The flashing manufacturer's flashing instructions

3. Aflashing design or method of a registered design professional.

4. Other approved methods.

* Structural Support

1404.13.1 Installation. Windows and doors shall be installed in accordance with approved
manufacturer’s instructions. Fastener size and spacing shall be provided in such instructions
and shall be calculated based on maximum loads and spacing used in the tests.

108
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IRC Code Requirements — Fenestration Install

* 2024 IRC Sections R609.1 & R703.4.1
* Flashing & Structural Support

R609.1 General. This section prescribes performance
and construction requirements for exterior windows
and doors installed in walls. Windows and doors shall
be installed in accordance with the fenestration
manufacturer’s written instructions. Window and
door openings shall be flashed in accordance with
Section R703.4. Written installation instructions shall
be provided by the fenestration manufacturer for
each window or door.

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. Mechanically
attached flexible flashings shall comply with AAMA 712.

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 barrier
manufacturer’s instructions. Where flashing
instructions or details are not provided, pan flashing
shall be installed at the sill of exterior window and
door openings. Pan flashing shall be sealed or sloped
in such a manner as to direct water to the surface of
the exterior wall finish or to the water-resistive barrier
for subsequent drainage. Openings using pan flashing
shall incorporate flashing or protection at the head and
sides.

2. In accordance with the flashing design or method of a
registered design professional.

3. In accordance with other approved methods.

109

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%" 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.

110
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Examples of Historically Accepted Practice
(< 1.5“ thick FPIS ci)

~——ROUGH FRAMING

——AIR BARRIER SEALANT
_~~BEDDING SEALANT UNDER FLANGE

/, WINDOW JAMB FRAME

SEALANT JOINT AND
BACKER ROD

FPIS WRB SYSTEM
FLASHING
CLADDING

111
1.5” thick FPIS ci)
(>1.5” thic of ©
* Plywood window buck with 4"-thick FLANGED WHOOW —_] V -
. chSEDRc;A;lA:?]ALnl‘RBF’N:N:EE ™ SLOPED SILL (BEVELED SIDING)
FPIS Cl SEALANT AT WINDOW \| PREMANUFAGTURED PAN
PERIMETER (AIR BARRIER) *-\ ) FLASHING WITH BACK DAM
. sy . i S
» 2x wood bucks also used (especially for R hy F PR om0 YWD
; - ( Voo i e o Ko
masonry/concrete construction) WAL e \‘& == FERMEADLE VIATERPROCFING
{2) LAYERS 2" FOIL-FACED e BRACKETS AT OUTSIDE CORNERS
: INSULATING SHEATHING. B? = TERIOR CORMERS wITH URETHANE
* NOTE: For Type I-IV construction (IBC), Prbebi-yh S ) ~ INTERIOR CORNERS T .
'MEDD‘;:\Y:}:GL;EE i l._ - SLL TRIM
the window-wall interface also must 0 STUD WAL WTH G0 ST | g puiiggtmpiif i
. nd ::g: Zgzgrvﬁsi:z g h— T 1 AIR BARRIER Ms;.«inme C:_\-'ER?‘
comply with NFPA 285 tested assembly - A== o5 NTOROUGH OPENNG.
and engineering analysis. WINDOW SILL DETAIL
. 1 —
« Applies regardless of R
FPIS thickness. Source: www.nist.gov/system/files/nzertf-architectural-plans3-june2011.pdf

e See examples next two slides.

112
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Example NFPA 285 Fenestration Rough Opening Details

DPont™ Thermax™ with

T8 0 WANTAN coPLAE WTH A 85

Figure 7. Use of Tyvek® CommercialWrap® or CommercialWrap® D WRB behind Thormax™ insulation

*STErL pox REAPER-

it ~

[Exresion Geare bvrsum

iR PR WP
| e

TR NENE
=

_— couTER mLASHING AT ToP

s v car

PRITECTVE PABANG

CE

AL MNERAL WOO. UNPACED. U 4 PCR.
EOLOED, 80527 TEMS ARE CRITICAL ITEWS T0 WANTAN COMPINCE

W NP 200
MKERAL 0D OFTIONAL IN WALL TUP CAVITY WHEN X0 SPRAY
POAM WETALLED. NCLUPIG MINERAL VI00- BELOW THERWX

Figure 4 - Required Opening Head Protection When BASF SPRAYTITE® 81206 or Walltite LWP Spray
0!

Foam Is Used in the Cavity - OPTION 2

Source: DuPont Building Performance Solutions, Jensen Hughes

Engineering Analysis, February 4, 2022

Mortar Droppings Collection Device

Weep Hoie Insert @ Max. 24° O.C =

Source: Owens Corning, Enclosure Solutions

NFPA 285 Guide, May 2019

Steel

Corning® FOAMULAR®
7S (Max. 3)
Jonts Teped wih Jort SeaR®
Foam Flsshng Tope

Galvarized Stes! Stud Track

od Blocking (Must be FRTW.
< 1 and Il Construction)

FloshSeaR®

Example Details from AWCI/SFIA

* Various CAD
details for ci on
steel frame wall
assemblies

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

AWCITECHNOLOGY CENTER

WINDOW FRAME
SEALANT
SILLPAN

FLEXIBLE FLASHING
SEALANT

CONTINUOUS INSULATION
AIRIWATER BARRIER

—
CAITY |Nsumnan‘~_::;:_:_
—

STEEL STUD

CAP PETAIL LIBRARY

WINCOW FLASHING

NE OF FINISH

GYPSUM SHEATIONG

ARIVATER BARRIER:

seaNT

[ Emer |

e | ANY FINISH WINDOW SILL |

NOTTO SCALE

CAVITY INSULATION
ovesum sHeaTmG —H]
TRACK

BXEDHEADER

APRATER BARIER
CONTINVOUS INSUAATION

L OF FRISH

FLEMIILE FLASHING — | =

PST L | 1)
Zee

'
WINGOW FRAME

|
s
L
| ™ i —

e "G

L o Faash
snsmsne

Fusme
ey

ANY FINISH WINDOW HEAD

wrmowons_|

SHA®
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Example of “Inny” Window Install

* For any thickness of FPIS

* For block frame and finned
windows

e 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)

115

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

3/6/2025
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Installed Performance Testing

For more information, refer to: ’\
https://www.continuousinsulation.org/window-installation

| L]

ABTG

Research Report

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

ABTG Research Report No. 2104-01

Ci for the Foam 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

I; | 1.,1“, =)
Standard Picture Frame
1L | ]
e B i
| |
Lumber Window Buck Rainscreen
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Recommended Installation Instructions

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

e 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.

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

+ Refer to the manufacturer data and standard details

IMPORTANT! READ ALL INSTRUCTIONS BEFORE BEGINNING INSTALLATION

STEP 1: KNOW YOUR RESPONSIBILITIES

'WINDOW INSTALLATION INSTRUCTIONS FOR
WALLS WITH CONTINUOUS INSULATION:

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

STEP 2: BEFORE YOU INSTALL THE WINDOW

CONDITIONS & ADDITIONAL RESOURCES

NorE

STEP 3: INSTALLING THE WINDOW

speciAL

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

118
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ANSI FS200.1 Standard for FPIS ci Applications

* Scope Vi S e
it 4 608-310-6710
« Above-grade frame walls I

+ Labeling & Quality Assurance ABIG

« Wind resistance
+ WRB (water resistance)
« Vapor Control

+ Window installation ANSI/ABTG FS200.1 - 2022

. ql — ot
Cladding installation Standard for Use of Foam Plastic Insulating

Sheathing (FPIS) in Building Envelopes:

¢ Addresses Above-grade Walls

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

rican Nat
N tongy g,

o %,
%,

&,

¢ Exclusions

» Refer to locally applicable code for fire safety requirements https://www.appliedbuildingtech.com/standards
(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)

119

E. IBC/IRC— FPIS Wind Pressure Compliance

* IBC/IRC Wind pressure requirements for exterior walls and wall
coverings

* IBC/IRC wind resistance requirements for FPIS
* FPIS wind pressure testing
* FPIS wind pressure design values & application

120
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IBC/IRC Wind Resistance Requirements

R703.1.2 Wind resistance. Wall coverings, backing 1402.3 Structural. Exterior walls, and the associated
materials and their attachments shall be capable of resisting openings, shall be designed and constructed to resist
wind loads in accordance with Tables R301.2.1(1) safely the superimposed loads required by Chapter 16.

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 NOTE: This IRC code provision was added to ensure all
material and its fastening. All applicable failure modes sheathing mz&ter‘éals, %Iaddmgg,l.andhexterlc?dr v(\j/all_ d
including bending rupture of siding, fastener withdrawal fgg’@{;ﬁgcgm ucts and assemblies have added win

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.

121

Why is 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....

122
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IBC/IRC Wind Resistance Requirements for FPIS

R303.8* 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
SBCA 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 SBCA 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 ANSI/FS 100 for wind pressure resistance.

*R316.8 in 2021 and earlier editions of IRC

6300 Enterprise Lane
Madison, Wisconsin 53719
6083106710

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

3/6/2025
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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)

125

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.

126
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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 38.7
" 68.7 N/A 458
1" Greenguard - f 55916 125 160
Insulated Board 108.9 596 596
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 4000 [T1002 | 537 53.7 145 180
Insulated Board
106.1 67.7 67.7

Source: https://www.driengineering.org/resources
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F. IBC/IRC Cladding Attachment Compliance

* Performance Research & Testing

* IBC/IRC Prescriptive Solutions

* Design Procedure for cladding and structural connections through

FPIS
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Performance Research & Testing

* Basis for prescriptive requirements in: N Research REpOrt
 Section 2603, International Building Code (IBC) ABTE
— 2012 through 2024 editions
» Moved into Chapter 14 Section 1404.5 in 2024 IBC A‘t‘;ﬁ)’;":g}agi‘ij?;j;“;’:;“s‘;::‘::i:gs[:';{gl“9"
« Section R703.15/.16/.17, International to Wood or Steel Wall Framing
Residential Code (IRC) — 2012 through 2024 ABTG Research Report No. 1503-02
editions Conducted for the Membership of the Foam Sheathing Committee (FSC)
* Provides the engineering design procedure oot ithten e
supporting the above code provisions Aoplied Buikding Technology Group, LLC
appliedbuildinglech com

Report Date:

Final Report: March 27, 2015
Updated: May 20, 2019
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Performance Research & Testing

Collaborative research

* FSC, NYSERDA, SFA, BSC for DOE/BA,
Newport Partners, ARES/ABTG, etc.

* Extensive testing effort
* Siding and furring connections
* FPIS (up to 4” thick)
* Wood and steel framing
* Commodity nails, screws, & 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 . -
* Proprietary fastener innovations Long term Tests —in Lab & Exposed

* Used in various cladding and fastener
manufacturer installation instructions
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IBC/IRC Prescriptive Solutions R e o S

Continuous Insulation (ci)

* Prescriptive “Quick Guide” for code compliance

* Applications for wood and steel framed walls:
1. Direct Cladding Attachment through FPIS ci
2. Furring Attachment through FPIS ci

3. Cladding Attachment through FPIS cito a
Wood Structural Panel Substrate

* Not required for separately supported cladding

(e.g., anchored masonry veneer)

* Best practice: use thermally efficient brick ties

https://www.continuousinsulation.org/cladding-connections
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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)
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Code Prescriptive Solutions

(wood wall framing)

* 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, 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

(b2) (1)
g \{\ e

(d)\

AR (9

[l i Aerhrret ong e P e e s o i v 8 3

KEY:
(a) Cladding

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

(b2) Fastener (Cladding to
Stud) per Table

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

(b4) Fastener (Furring to Stud)
et Table
(bS) Fastener
(Cladding to Furring)
() Wood Furring
() FPIS
{e) Framing

(1) Cavity Insulation
(a) Wall Finish
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Code Prescriptive Solutions

Table 1. Siding Minimum Fastening Requirements to Wood Framing for Direct Cladding Attachment Over FPIS to Support Cladding System Weight 234

* Application 1 — Direct

* Foam sheathing thickness
limit based on:

« Nail size & spacing

« Cladding weight

connection table in
IBC/IRC for attachment to
wood framing

ding G A T
ADD
RO ; Cladding Attachment
F © 3 psf Mpst | 18psf | 25psf 3 pst Tpsf | 18psf | 25pst
6 2,00 145 075 DR 2.00 0385 DR DR
Nail (013"
shank; 8 2.00 100 DR DR 2,00 055 DR DR
0.226" head)
12 2.00 055 DR DR 185 DR DR DR
6 3.00 170 090 055 3.00 105 0.50 DR
Nail (0420"
ood shanic 3.00 120 060 DR 3.00 070 DR DR
0.281" head) .
: 12 3.00 070 DR DR 215 DR DR DR * Same as cladding
6 4.00 215 120 075 4.00 135 070 DR
Nail (0.131"
penetratio shank; 8 400 155 0580 DR 400 0.90 DR DR
0.281" head)
12 400 090 DR DR 270 0.50 DR DR
e 6 4.00 355 205 140 400 225 125 080
e 8 400 255 145 095 400 1.60 0.85 050
0-486" bt 12 4.00 160 085 050 400 095 DR DR

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

1 Table values are based on wood framing of Spruce-Pine-Fir or any wood species with a
specific gravity of 042 or greater in accordance with NDS. Required fastener minimum pen-
etration shafl be permitted to inciude thickness of wood structural panel sheathing materials.

2. Nail fasteners shall comply with ASTM F1667, except nail | ength shall be permitted to

exceed ASTM F1667 standard lengths. Fasteners of equivalent or greater diameter and
bending strength shall be permitted.

3. FPIS shall have a minimum compressive strength of 15 psi in accordance with ASTM
C578 or ASTM C1289.

4. DR = Design Required
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Code Prescriptive Solutions

Table 2. Furring Minimum Fastening Requirements to Wood Framing for Application Over FPIS to Support Cladding System Weight 2245&

Minimum MAXIMUM THICKNESS OF FPIS (IN.)
Fastener Penetration Eustenes : .
FURRING | Framing o Spacing 16" o.c. Furring 24" o.c. Furring
Type & into Wall . B
L Size  Framing " UG CLADDING SYSTEM WEIGHT CLADDING SYSTEM WEIGHT
(in) (in.) 3psf | 11pst
Nail (020" 8 300 | 185 | 105 | o065 | 300 | 120 | o060 | DR * Application 2 — Wood
Sk, 1w 12 300 | 120 | 060 | DR 300 | o70 | DR DR furring attachment
ead 16 300 | 080 | DR DR 2.30 DR DR DR
Nail (0431 8 400 | 245 | 145 | 095 || 400 | 160 | 085 DR * Wood screws and |ag
it % 12 400 | 160 | 085 | DR 400 | 095 [ DR DR screws also included
i 16 4.00 110 DR DR 305 | 060 DR DR
Min. 16d Nail 8 400 | 400 | 245 | 160 400 | 275 | 145 | 085 e Same as furri ng
(0162" . .
wi"a al ||l 2= " 12 400 | 275 | 145 | 085 § 400 | 165 | 075 DR connection table in
Stud head) 16 400 | 190 | 095 | DR 400 | 105 DR DR IBC /|RC for attachment
#10 wood 12 400 | 230 | 120 | 070 | 400 | 140 | 060 DR .
screw - to wood framing
(0363 16 400 | 165 | 075 | DR 400 | 090 DR DR
ead) 24 400 | 090 DR DR 2.85 DR DR DR
12 400 | 265 | 150 | 090 § 400 | 165 | 080 DR
14" hex W\
e L2 16 400 | 195 | 095 | 050 | 400 | 110 DR DR
24 400 | 10 DR DR 325 | 050 DR DR

For SI: 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

&

1

2.

w

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.

Nail fasteners shall comply with ASTM F1667, except nail length shall be permitted 1o ex-
ceed ASTM FI667 standard lengths. Wood screws and lag screws shall camply with NDS
Appendix L and ANSVASME Bi8 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.

A minimum 2x wood furring shall be used where the required siding fastener penetration
into wood material exceeds %" (191 mm) and Is not more than /2" (381 mm), unless

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

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

b.In a horizontal orientation, furring shall be fastened at each stud with @ number of fas-
teners equivalent to that required by the fastener spacing, If the required nail spacing
512" 0. and the studs are 24" 0.c., then two (2) nails would be required at each stud
(2412-2). 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,

ol
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approved deformed shank siding nalls or siding screws are used to provide equivalent

6. DR = Design Required

Code Prescriptive Solutions

(03) KEY:
N\ (a) Cladding

(b1) (b2)

| (b%) Fastener (WSP to Stud) per code

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

(b3) Fastener, Nail or Screw (Cladding to
U/ ¥ | WSP) per Table 3

| f)
// / ® () WSP
£ (d)FPIS
i (e) Framing
AN (f) Cavity Insulation

=) |
‘ | = =

VARV
L f‘\‘ HI“‘ (@ () Wall Finish

Figure 4. lilustration 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 *2*

HORIZONTAL SPACING

B OF FASTENERS ALONG SIDING

Roof sheathing ring shank nail 12"
(0420 min. shank; 0.281" head) og
Post frame ring shank nail 15" oc

(0148" min. shank; 5/16" head)

No. 6 screw —
(0138" min. shank; 0.262" head)

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

ForSI: 1= 254 mm
Horizontal spacing of fasteners along siding s based on a siding widith (distance between horizontal rows of fasteners)

of 12 inches. For other siding widths, multiply recuired horizontal spacing by 12/w where w is the siding width in inches.
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 (., maximum 30 psf negative design wind pressure)

The cladding fastener must be of sufficient length to penetrate a minimum of %" beyond the back side of the wood
structural panel sheathing

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

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

e Limited to max. 2" thick FPIS
(min. 15 psi)

e Limited to max -30 psf wind
load (per scope of IRC)

e Same as Table R703.3.3in IRC
for cladding connection to WSP
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Prescriptive Solutions
(CFS wall framing)

* 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

®1) e
Ny s i
(@ ~ w‘w !
@ \_\) / ®

T T ———
“le View - Direct Cladding Attachment Through FPIS (see Table 1)
N (b4) ©5 /o9
en—
LA {
(© \\‘» { / [0

{ | | |
s ,‘UL‘!L,, == )

(58) (b7
s

KEY:
(a) Cladiding

(b) 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)

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

(68) Fastener (Cladding to Hat Channel)
(c1) Wood Furring

(c2) Hat Channel Furring

(@FPis

(e) Framing

(0 Cavity Insulation

(9) Wall Finish

[0 s Actacment Tovoug vertct Fring oo Shoun) Pratr oGS St e i 21

Cross section of
Hat Channel

(see Table 2)
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Prescriptive Solutions

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

ADD d g d a = O P
R ! 0 orizontal Spacing : orizontal Spacing * Application 1 — Direct
St pacing il 20 Cladding Attachment
3 psf Mpsf | 1Bpsf | 25psf 3 psf Mfpsf | 18psf | 25pst

#8 screw 6 3.00 295 220 1.45 3.00 235 125 DR * Foam Sheathmg

h(t:;a::u thickness limit based on:
e L
i 8 300 255 160 060 3.00 180 DR DR « Framing thickness
steel or 3

thicker 12 3.00 180 DR DR 300 0.65 DR DR * Screw size

I 10 screw 6 4.00 350 270 195 400 290 170 055 * Screw spacing
il (0333 « Cladding weight
head) 8 400 310 205 100 400 225 070 DR
3 into 33 « Same as cladding
mil steel 12 400 225 070 DR 370 105 DR DR ;
connection table to

#10 screw 6 400 400 4.00 360 400 4.00 3.45 270 steel fra ming in
(0.333"

head) into |BC/|RC

; 8 400 400 370 300 400 385 280 180

43 mil

steel or

thicker 12 4.00 385 280 180 400 3.05 150 DR

For SE1" = 25.4 mm: 1 pound per square foot [psf] = 0.0479 kPa
1 Tabulated values are based on 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. 4. DR = Design Required

3. FPIS shall have a minimum compressive strength of 15 psi in
accordance with ASTM C578 or ASTM C1289,
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Prescriptive Solutions

Table 2. Furring Minimum Fastening Requirements to Cold-formed Steel Framing for Application Over FPIS to Support Cladding System Weight 12245

A e
2R g = b D q S Ie ) g 4" o g
P O . .
IR be : : g * Application 2 — Wood or
3psf | Mpsf | 18psf | 25 psf | 3 psf | M psf | 18 psf | 25 psf Steel fU rrlng attachment
12 300 | 180 | DR DR 300 | 065 | DR DR
#8 screw Steel .
33mil | (0-285" | thickness 16 300 | 100 DR DR 285 DR DR DR * Same as furri ng
S head) 333 thicads} s 285 | DR | DR | DR f 220 | bR | DR | DR connection table in
rme
Steel #10 ool 12 400 | 225 | 070 DR 370 1.05 DR DR |BC/| RC for steel frami ng
Stud (;c;;‘;" thickness 16 385 | 145 | DR | DR 340 | DR DR DR
a PR | | FERLICECE o 340 | bR | bR | bR f 270 | br | br | DR
| ssscrew|  steat 12 300 | 180 | DR DR 300 | 065 | DR DR
LEM| 43 milor | (5285" | thickness 16 300 | 100 DR DR 285 DR DR DR
g thicker
i ||| | PP | s 285 | DR | DR DR 220 | DR DR DR
formed #10 e 12 400 | 385 | 280 | 180 400 | 305 | 150 DR
Steel caE tee
Stud | (o333 | thickness 16 400 | 330 | 195 | 060 | 400 | 225 | DR DR
hesd) |RE3HSECE0 o 400 | 225 | bR | bR J 400 | oss | DR | DR

For SI: 1" = 25.4 mm; 1 pound per square foot [psf] = 0.0479 kPa
1. Table values are based on:
a. Wood furring of Spruce-Pine-Fir or any softwood species with a specific gravity
of 0.42 or greater per NDS.
b. Minimum 33 mil steel hat channel furring of 33 ksi steel. Steel hat channel shall
have a minimum 7/8" (22.2 mm) depth, 14" (32 mm) web width, and 1" (127
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.1n a vertical orientation, furring shall be located over wall studs and attached
with the required fastener spacing
b. In a horizontal orientation, furring shall fastened at each stud with a number of
fasteners equivalent to that required by the fastener spacing. If the required
fastener spacing is 12" o.c. and the studs are 24" o.c., then two (2) fasteners
would be required at each stud (24/12=2). In no case shall fasteners be spaced
more than 24" (0.6 m) apart.
4. FPIS shall have a minimum compressive strength of 15 psi, in accordance with
ASTM C578 or ASTM C1289.

5. DR = Design Required
139

Prescriptive Solutions

KEY:
(b3) (b3) " H H
(O W N e (0 Cladding * Application 3 — Attachment to wood
i I }J ! (b1) Fastener (WSP to Stud) per code I I h h .
((:\ | \ ! (b2) Fastener (FPIS to Stud or WSP) structura panel's eat Ing (nOt to
@ ‘ | per FPIS manufacturer
N l\‘j’ (b3) Fastener (Cladding to WSP — nail stu d S)
v / y ( or screw) per Table 3 L . . .
i\ ) Pl awen " . I(_lmlted to I|%ht—vve|ght cladding
@ FPis 3psf or less
(e) Framing Lo T
) g A A @ (f) Cavity Insulation * Limited to max. 2" thick FPIS
T S T (g) Wall Finish (mm 15 pSI)
P ek PP to minimom 16~ thick oo stieturat panal (3P Sheathing » Limited to max -30 psf wind
load (per scope of IRC)
T P A S AN s o5 + Same as cladding connection
N — HORIZONTAL SPACING table in IRC for attachment to

'OF FASTENERS ALONG SIDING

WSP

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

For SI:1'=25.4 mm

1. Horizontal spacing of fasteners along siding is based on a siding width (distance between horizontal rows of fasteners)

of 12 inches. For other siding widths, multiply required horizontal spacing by 12/w where w is the siding width in inches.

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). 140
The cladding fastener must be of sufficient length to penetrate a minimum of 14" beyond the back side of the wood

N

w
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Design Procedure (CFS wall framing)

* Design of connections through FPIS to cold-formed Steel

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

» Shear allowable design values: Follows the same procedure in AlISI S100, Section J4.3.1, but

modifies Eq. J4.3.1.-1 by a gap reduction factor, Gr, as follows:

* For #10 screw in 54mil and 50 ksi steel: Gr=0.17-0.0048r
e For #10 screw in 43mil and 33 ksi steel: Gr=0.19-0.0066 r
* For #8 or #10 screw in 33mil and 33 ksi steel: Gr=0.16-0.0064 r
« Where,
+ r=d_sep/d

« d_sep = thickness of FPIS separating connected steel parts
+ d =nominal screw diameter (0.164" for #8, 0.190” for #10)
« Value of r shall not exceed 21.
« For 0<r<2, Gr need not be less than (1 -r/2)
« Material against screw head shall be minimum 33mil and 33ksi steel or minimum
3/8" thick wood or wood-based material with specific gravity of 0.42 or greater.
Material in the gap must be minimum 15psi FPIS

141

Design Procedure (wood wall framing)

* Design of connections through FPIS to wood framing

* 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 1-1/4 inches for nails.

Minimum wood specific gravity (density) of 0.42

Material in the gap must be minimum 15psi FPIS
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Connection Design Procedure Applications

* 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)

FIBER CEMENT SIDING

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

2x12 LEDGER BOARD ATTACHED THROUGH
INSULATING SHEATHING TO FRAMING

(2) LAYERS OF FO|L-FACED
POLYISOCYANURATE RIGID
INSULATION, JOINTS STAGGERED:
JOINTS ON OUTER LAYER TAPED
-

Y2 PLYWOOD COVERED
WITH CONTINUOUS FULLY
ADHERED AIR BARRIER
MEMBRANE

%6 LEDGER BOARD ATTACHED

HROLIGH INSIIL ATIN
SHEATHING TO FRAMING

2x6 LEDGER
BOARD

BEADBOARD

1" x 8-314° TRIM BOARD

FIBER CEMENT SIDING
1X4 FURRING STRIP ATTACHED

TO WALL FRAMING

FRONT PORCH ROOF DETAIL

6 soeveerr

https://www.nist.gov/el

| /net-zero-energy-residential-test-facility/project-details
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Other Designed or

M

anufacturer-Provided

Details

* 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-IV buildings!

EXTERIOR
oAl

wITY
DEPTH

CLADDING PANEL/SYSTEM,
EXCLUDED FROM PCR

WATER RESISTIVE BARRIER,
'EXCLUDED FROM PR |
STERIR INSULATION
1016 mm (4 INGHES),
BaloE RO R

CLIP, BRACKET R SPACER
'ONE (1) PER 609.6 mm
4INCH) LENGTH

o
e e — |

Faseners __A

AL
EXCLUDED FROM PCR

CONTINUOUS LINEAR ELEMENT,
609.6 mm (24 INCHES).

e seamert — |

(RAIL, GIRT OR CHANNEL)

SUBSTRATE OR BACK-UP WALL, __~]
EXCLUDED FROM PCR

609.6 mm
(24 INCHES) '/

Source:

http://www.sustainableminds.com/files/transparency/pgds/Part B Product G

roup Definition Cladding Support Components and Systems 10312022.pdf
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ANSI FS200.1 Standard for FPIS ci Applications
* Scope ’\ i Ve 513

» Above-grade frame walls ABTG
« Labeling & Quality Assurance ooy B
« Wind resistance

« WRB (water resistance)

« Vapor Control

» Window installation

ANSI/ABTG FS200.1 - 2022

T Cladding installat Standard for Use of Foam Plastic Insulating

Sheathing (FPIS) in Building Envelopes:
Above-grade Walls

* Addresses £

« Performance criteria (design)
e

« Evaluation/testing criteria by application &7 S,
« 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)

https://www.appliedbuildingtech.com/standards

G. IBC/IRC — Vinyl siding installation over FPIS
* Performance Testing & Research

* IBC/IRC Code Requirements

* QuickGuide

3/6/2025
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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 an exterior wall covering
assembly in resisting wind load per IRC
R703.1.2

147

IRC Code Requirements

e Use vinyl siding wind load R703.11.2 Installation over foam plastic sheathing.
design pressure rating per Where vinyl sigling or i{qszn’afed 'vin_vi .si.dfng is installed
Table R703.11.2 over foam plastic sheathing, the vinyl siding shall comply

T with Section R703.11 and shall have a wind load design

* Exceptions! pressure rating in accordance with Table R703.11.2.

* Where FPIS is not the sole Exceptions:
exterior sheathing (separate 1. Where the foam plastic sheathing is applied

sheathing applied as over- or

) directly over weood structural panels, tiber-
under-sheathing) o -

board, gypsum sheathing or other approved

* Where vinyl siding N backing capable of independently resisting the
manUfa(‘ItUl"er data is specific design wind pressure, the vinyl siding shall be
for application over FPIS installed in accordance with Sections R703.3.3

* Proposal to add similar B el
provisions to 2027 IBC 2. 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 103(1148

3/6/2025
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IRC Code Requirements

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 =525 -62.2
105 -30.0 -40.5 -48.1 -41.4 -37.9 -68.6
110 -31.8 -5 -52.8 -45.4 -63.5 -75.3
115 =355 -49.7 -59.0 -50.7 -71.0 -84.2
120 -374 -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 SI: 1inch = 25.4 mm, 1 foot = 304.8 mm. 1 square foot = 0.0929 m? 1 mile per hour = 0.447 m/s, I pound per square foot= 0.0479 kPa.

. 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 (corner). 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 7/;;-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

®

=2

o

-

Source: 2024 International Residential Code, https://codes.iccsafe.org/content/IRC2024P1 149
. . . ] CODE-COMPLIANT VINYL SIDING
Qu IC k G u I d e fo r Vl nY| QUICK APPLICATIONS over Foam Plastic Insulating
FGHWIAE'IE Sheathing (FPIS) Continuous Insulation (ci)
S i d i n g Ove r F P | S C i IMPORTANT! READ ALL INSTRUCTIONS BEFORE BEGINNING INSTALLATION
“"  INTRODUCTION
* No difference in install except longer
siding fastener
» Where foam sheathing installed under i uck ke ot s b s e e i s eers
or over a separate wind resistant
sheathing layer
* Where foam sheathing is the sole
exterior sheathing:
* Requires foam sheathing wind pressure
rated per code (FS100 standard) — see ko T
manufacturer
STEP 2: ADDITIONAL REGL TS FOR INSTALLATION OVER FPIS.
* Requires vinyl siding wind pressure
rating enhancement (IRC R703.11.2)
* Not needed where foam is separately S ;sm“ = mm e mmm
attached to resist wind load per FS 100 i Opentund | Vetakdngiosiaed oves Pt
standard (e.g., structural cap fasteners) e i e
https://www.continuousinsulation.org/resources/quick-guides e e A T
150
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H. 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.

151

IBC requirements (Ch16,19,21,22, 23)

* Generally engineered wall bracing
& 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

 Structural steel — brace frames,
moment frames, etc. (with various
types of curtain walls that provide
the thermal envelope)

152
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3/6/2025

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, 1[Figure 1] Msp for Wind and Earthquake Hazards in USS.
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
o,otimize use of any given bracing method (or
alternative bracing methods)

- Coastal Hurrican
High Wind Hazard

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
e

Upper Wall to
Lo Connection
et

Lower Wall to

Image Sources: Institute for Business and Home
Safety (as published in HUD Durability by Design,
2nd Edition and also HUD Safer, Stronger Homes)

and Simpson Strong-Tie. Long wood screws, metal straps & brackets, etc.
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Stepwise Accounting Process
(think IRS 1040 form without TurboTax or instructions)

Steps 1&2 — ID BWLs per story

|
| =

NS ==

I,
wsten| o (TN

each story

Steps 5&6 — Adjustment  connection/anchor
Step 3 — Select from Step 4 — Bracing Factors and Check vs. age details
16 BMs for each BWL Length Req’d Bracing Length Provided

Repeat for each Brace Wall Line (BWL) on

Steps 7&8 — Check
BWP layout and

155

|| @= o0 ib catat
| hold- dieans
(8 o))

;j\ 16 2.9/2" f]

inswing
¥

218" v .

- Example
.| House Plan
& BWL

Jw|Layout

gl e ~ 4 B AL B I
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Code Compliance Accounting Sheet (partial copy)

SEPT | STEPT | SEPZ [ STEPZ [ Lensh | STEP3 | STEPA | STEPA | STEPS | SiePs | STEPT | STEP7 | Comments
Baced | Maximum | WL WL | o |Selected | Tabulated | Adjusted | Brachg | fsVale | IBWP | DoBwes
Wall | WP | Swport |Spacing | Braced | Bracing | Bracing ing | Lengh | in | distance | complyvith
Uneid | Offiet | Condition | (feet) | Wall | Method | Length | Lengthper | Proviced | Column | from ends | maximum
from Line © able Tabe | byBWes | G2 | ofbWls
BWLe4? | Foofony (feet) R02103 | REQ2A0.I( | (inches) | Valuein | 107 | spacing btun
oror | il b= Vher | e | e
o) (feet] 2 No) | (Yesorho)
(Yeser
No)
Braced Wall Lines
i
i
right
side o " 68 0- | sex 166 Alnost 2008
G | o | morony |y | o R | e S8 | e | O L K| oxra copaciy
Bath at
Garoge
)
5 e
right ; et T astenig o
sdeop | OF | Reofonty | 200 | BE Gy |65 <107 | provded | % oK ox | pLome
gurage) o il
S
panets @ ends
o larger
qorage
opering and
miimun 30"
€. paelor
' 200 C5 s at
1 X . cswsp . |BaEta0 | g small gwrage
(arage | OC | Roofonty | 17 wo SR s | e | SR | o oK oK grall gyt
front) £ corner with
a0l ol
downsat
s
comets of
sasfron
returs)

* Used wood structural panels where needed (e.g.,

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 (addressed later)

* Improved energy efficiency above minimum energy

code

* Reduced carbon footprint of building by about 2,500

kg CO2e (mainly reduced concrete in foundation)

Source: IRC Wall Bracing: A guide for builders, designers, and plan reviewers

https://www.appliedbuildingtech.com/rr/1601-01

157
H el p |S h ere | Edit Project: Lake House Ranch Spec
(Turbotax for wall bracing) el
[ ] |RC Wa“ braci ng free On_line osesens T::reuuntar‘.notbeﬁnauzed—tatcutat\on\smcummsm
Ca Icu | ato r User  Jay Crandell, jerandell@aresconsulting biz
* Aid to complying with the IRC e
wall bracing provisions and v
documentation Of Compliance' Number of Stories Above Grade 1 =
* Also helps optimize design for Desn Wi Spesd 7135
building and energy code o T o .

compliance.

Comments  Cace study home (actual construction)

[¥] Save Project ok, View Report

https://www.continuousinsulation.org/calculators

158

3/6/2025

79



Foam Plastic Applications
for Better Building

FACTS

Additional Resources:

. . . “Right-Sized” Wall Bracing &
 |RC Wall Bracing: A Guide for Builders,

Designers and Plan Reviewers =Uscs
https://www.appliedbuildingtech.com/rr/1601-01

* Residential Structural Design Guide —
2000 Edition

https://www.huduser.gov/publications/pdf/res2000 1.pdf

* “Right-Sized” Wall Bracing (FACTs sheet)

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

* SIMPSON Strong-Tie, Wall-Bracing-Length
Calculator

https://www?2.strongtie.com/products/strongwall/wallbracing/in
tro.asp

* Wood Frame Wall Calculator (energy +
building code integrated thermal & moisture control)

https://www.continuousinsulation.org/wood-wall-calculator «  [Fgire 2] Example pian for abasi affodabe home.
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V. Residential & Commercial Foundation
Insulation

A. IECC—-Thermal compliance

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

D. IBC/IRC — Termite protection

160
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A. IECC — Thermal Compliance

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

Climate | Building Below- Slabs
Zone Use Grade Wall | Unheated Heated
Oand1 /;\;I::Jhe; R-7.5for 12” +
o NR R-5 full slab T i | ¥
2 GroupR | ;“?40 (F-0.73) (F-0.69) 2024 IECC Residential Provisions — Tables R402.1.2 & 402.1.3
All other (€-1.140) R-10 for 24” + Climate | Basement Slab
3 Crawlspace
Groun R R-10 for 24” R-5 full slab Zone Wall Unheated Heated
P (F-0.54) (F-0.66) 0 o R-5ci edge + o
R-7.5ci 0,1and?2 R-5 full slab
All oth - ” ’ X | N
4 Except other | ' T19) RRls Izlrl ilz; b+ (U-0.360) (F-0.73) (F0.72) (U-0.477)
Marine R-10ci R-15 for 24” -10ci
Group R °r (F-0.62)** RsciorR13 | Rioci 2t | N R0Ch2ftH | oo orRas
(C-0.092) (F-0.52) 3 R-5 full slab
" (U-0.091) (F-0.54) (U-0.136)
R-7.5ci ” (F-0..66)
5and All other (C-0.119) R-15 for 36” +
Marine 4 1= SupR | R-10ci | R20 for 24” R('Fsgue”ziia*b 4 except RlSc(i) c:)r5|;13 R10ci, 3t + R- ngcg%rgﬁ
All other | (C-0.092) | (F-0.51) : Marine | (U-0.059) | giqg 3ft | Sfullslab | (U0-065)
6 - 0 (F-0.51) (F-0.66)
Group R R(ioof;);j)S 5and
T Marine 4
All other R-20 for 24 R15ci or R19 R15ci or R19
7 R-15¢i (F0.51) | R-20for48” + 6 or R13+5ci R10ci, 4ft+ | or R13+5ci
Group R (C-0.063) | R-20 for 48” R-5 full slab (U-0.050) R10ci, 4ft R-5 full slab (U-0.055)
All other (F-0.434) (F-0.602) Zand 8 (F-0.48) (F-0.66)
8 R-25 for 48” 161
Group R (F-0.424)

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)
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|IECC Specific BTE Insulation Requirements

* |[ECC-C
C402.2.5 Below-grade walls.

* Insulation must be installed between framing
members, be integral to wall assembly, be
continuous on wall assembly, or be any
combination of these methods.

* Installation complying with Section C401.2.1
installation must extend not less than 10 ft deep
below outside finished ground level or to level of
lowest floor of conditioned space enclosed by
below-grade wall, whichever is less.

Below grade walls (crawlspace or basement) are
not required to be insulated if the below grade
space is not conditioned (e.g., unconditioned
basement or ventilated crawlspace). In this case
the floor above must be insulated.

* [ECC-R

R402.2.9.1 Basement wall insulation installation.

* Insulation must extend from top of basement wall 10ft below

grade or to basement floor (whichever is less), or in accordance

with proposed design or rated design
R402.2.11.1 Crawl space insulation installations.

* Insulation secured to wall and extend down from sill plate to not

less than top of foundation wall footing.

¢ 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.

R402.2.11.2 Alternative crawl space insulation configurations.

e Buildings complying with Section R405 or 406, craw! space wall
insulation must be installed with proposed design or rated

design.

163

|IECC Specific BTE Insulation Requirements

* [ECC-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

slab-on-grade floor is greater than 24 inches
below finished exterior grade.

* [ECC-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.

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

R402.2.10.2 Alternative slab-on-grade insulation configurations.

* Buildings complying with Section R405 or R406, slab-on-grade
insulation shall be installed in accordance with proposed design

or rated design.
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#{Figure 1. |

Basement Walls

* Interior FPIS ci application

* 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

Basement
foundation wall

Foundation

Concrete
footing:

Sill sealer

r—/m/\;ﬂ;'——
* Most common poo el A

dra\nagg\(

<——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 tapedisealed to
prevent air movement

FPIS sub-slab Insulation

4— tx furring
strips

Option B

[#— Min. 5" Gypsum
wall board
{thermal barrier)

— FPIS adhered o wall
wiith edges tapedisealed
to prevent air movement

Option B provides

an interior finish with
furring applied over
the FPIS, which also
secures the FPIS flush
1o the foundation wall.

Option A is applicable to unfinished basements and requires
use of FPIS material approved for interior expesure (refer to

manufacturer data). The foam may be secured In place with
manufacturer recommended adhesives, power-driven cap.

nails, o other sultable method.

Option €
1-FPIS adhered
laped/sealed

to prevent air
mavement

- 24 framed wall with
unfaced fiberglass

battinsulation

wall board

Pressure
treated
bottom
plate

10 wall with edges

{—Min. 14" Gypsum

{thermal barier)

Option C uses a 2x
framed wall to the
interlor side of the
FPIS, which may also
include additional
cavity Insulation.

https://www. i i ion.org
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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.g., insulating concrete form
or ICF — usually of EPS foam)

Sill gasket above and
below termite shield
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Crawlspace Walls

I—lFigule 2.

* Interior and
exterior FPIS ci
applications

e Similar to basement

walls
Crawlsp.ace
¢ Unvented foundation wall
(conditioned) —

crawlspace per
Section R408.3

* No need to

. . Conditioned
insulate entire (unvented)
crawlspace
floor area & \iapor beiar
improved

moisture control

Sill SEa\erj

O

I

Closed cell SPF insulation
i ~<—— or other approved insula-
tion and air sealing

~4— Termite shield
(as required)'

FPIS approved for
interior “exposed”
application with

edges taped/sealed to
prevent air movement.

I-{ Figure 3.

Sill sealer

Protective ————
covering?

|

FPIS rigid
insulation l

&

Termite shield
(as required)’

Crawlspace
foundation wall

(unvented)
crawlspace

O

livapur barrier

https://www.
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Slab-on-Grade

Monolithic slab and footing (grade beam)

Independent slab and stem wall

.-|Figure 5.

I-I Fi 4. T
igure =17

FPIS rigid
insulation

Protective ———p=|
covering

[

FPIS rigid
insulation

/—SHI gasket

M

FPIS rigid insulation

Polyethylene vapor barrier
extended under grade beam

L Granular base

Concrete slab

Concrete grade beam

(taped or sealed joints)

| I

:l‘ = m

- ;

| Sill gasket

—"

I

e FPIS rigid

I insulation Concrete
i 4 lrslab

/ v

1

-4+——— Concrete stem wall

-4——— Concrete footing

FPIS rigid insulation
under entire slab

Granular base

https://www.conti i ion.org
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Slab-on-Grade

'l!i:o!i oTele

S0

Weather barrier

!‘0’$;

Sheathing

S

* Alternate insulation
configuration for independent
slab and stem wall

SO

Protection board or coating
extends 6in.below grade

Rigid insulation

Concrete masonry foundation

Concrete fo

=~— Reinforcing per code

https:// i ornl.gov/!
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Avoid Thermal
Bridges

* Proper insulation
placement at slab edge
prevents major thermal
bridging

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

https://www.
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QUIGK Foundation Insulation Fundamentals:

Basements, Crawlspaces & Slabs with

Qu iC k G u i d e fo r F P | S g%%gg Foam Plastic Insulating Sheathing (FPIS)

IMPORTANT! READ ALL INSTRUCTIONS BEFORE BEGINNING INSTALLATION

Foundation Application

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

B. Frost-Protected Shallow Foundations (FPSF)

* Brief History
* IRC/IBC provisions & ASCE 32 standard
* FPSF applications

NOTE: You use FPIS to build FPSF

3/6/2025
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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 US

173

IBC on Frost Protection

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?§SDARD
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

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

https://www.asce.org
Note: Exceptions to Section 1809.5 for Risk Category | buildings, building area/type , and eave height..,,

3/6/2025
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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
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IRC on FPSF

Section R403.3 Frost-protected
shallow foundations

* Footings not required to extend
below frost line if building is
maintained at monthly mean
temperature not less than 64°F (18°C)
and is protected by insulation per
Figure R403.3.1 and Table R403.3(1)

* 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 temperature of 64°F (18°C)

INSULATION DETAIL

FLASHING PER SECTION R703.4 LAB-ON-GROUND FOUNDATION FLOOR|

Sl
PER SECTIONS R403.1 AND R506

INSULATION PROTECTION PER SECTION R403.3.2 or N1101.11
SLOPE FINAL GRADE PER SECTION R403.3.3 \
T
i RS
044 TH NN
L_12 IN. MAX T
12 IN. MIN
iy

= - VN
-0 ot 0

C = ot e
¥ .
TN TN NN TN NN

NOMINAL 4 IN. SCREENED AND

WASHED GRAVEL OR CRUSHED
STONE DRAINED PER SECTION

R403.33

VERTICAL WALL INSUALTION®

HORIZONTAL INSULATION*®

HORIZONTAL INSULATION PLAN

;:‘122‘21‘::f':i::':::::::::::‘:I:‘:f“;

FOUNDATION L‘ T
PERIMETER :

Source: IRC Figure R403.3.1 176
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IRC on FPSF

HORIZONTAL INSULATION PLAN

PERIMETER

FOUNDATICON L :

.

=T

b

c

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
: QBFE;?DE%:;SB %IEFI'NT“;MDF(%?:;LE INSULATION R-VALUE®*® PER Figure R403.3(1) (inches)

’ R-VALUE=* Along walls At corners A B C
1.500 or less 12 4.5 Notrequired | 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

177

FPSF Applications

* Heated buildings
* Slab on grade
* Crawlspace

* Walk out basement

* Unheated buildings

* Unheated cold foundations

* Others: Exterior stairways,
retaining walls, utility trenches

3/6/2025
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FPSF Application: Slab on Grade (Heated Building)

VERTICAL INSULATION

mTEGE;I'NE
. . . » TIN
* Monolithic thickened edge g

e Concrete stem wall -

* Permanent wood stem wall

* CMU stem wall

g ‘7 HEATED SPACE
FLASHING  — : HEATED SPACE PROTECTIVE A e e |
FACING - _,_7441

PROTECTIVE P DL AL ==
FaCt Ni———— ! —j_-”_”__ﬁ-r < PEAMANENT WOOD FOUNDATION

==l

VERT. WALL INSULATION

) »
N\ s FOOTING
WING INSULATION

HEATED SPACE

— VERT. WALL INSULATION

\—— WING INSULATION

b VERT. WALL INSULATION

Source:

(AS REQ'D.)
PRESSURE TREATED FOOTING https://www.huduser.gov/publications/pdf/ ide.pdf
GRAVEL BASE
(AS REQD)
WING INSULATION
(OPTIONAL)
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FPSF Application: Unvented Crawlspace (Heated Building)*

y

Floor Assembly Nominal
R-value, Rf

1

ht or hfc \\G

Horizontal Wing

‘/_Vapor Barrier

v, |
Concrete, Masonry, or Permanent
Wood Foundation per Building Code

Vertical Wall Insulation, Ry

J— Sand or Gravel Layer (optional)

_Lé’c;.l J’OO

< Provide Concrete or Gravel Footing
and Drainage (as required)

Insulation Ry, or Rpc (as required)

* 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)

Source: SEI/ASCE 32-01 180
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FPSF Application: Walk out Basement (Heated Building)*

* Apply FPSF insulation to
exterior of basement wall,
or Horizontal Wing Insulation____,} TC
* Use Permanent wood walls -
(insulation in wall) tg A ' W
. Av0|.ds need for stepped Insulation Plan ..
footings to frost depth at Finish Exterior
walk-out side. Grade Insulation to
/I\/k Insulated Wall
| Design or FIo_or
r’///,,,””’/i Frost __|| Framing
! ' Depth
Side View Section
* Refer to ASCE 32 (not addressed in IRC) e

FPSF Application: Unheated Building*

¢ Ground insulation
must “blanket”

entire footprint of Unheated Buildin
foundation °
® AISO used for Sub-slab (Ground) Insulation

unheated portions
of heated buildings
(e.g., garages,

/\

N

N

porches, etc.)

Frost Line

Unfrozen Soll

Geothermal Heat Source

Frost Line

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

182
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FPSF Applications: Unheated “Cold” Foundations*

Ground Insulation —
v
i
O |
M
—k
0
(]
Plan View
Elevation Elevation Elevation
Slab-on-Grade Foundation Wall
* Refer to ASCE 32 (not addressed in IRC) bt s st sefoublications ot/ foslde.odt

183

FPSF Applications: Exterior Slabs/Stairs, Retaining Walls,

U/G Wet Utilities*

Utility Trench

fom—] |

| i

Matjord, asfalt el.  Styrofoam  100mm grus

drenerende masser  HI10 el finpuxk

Exterior Stairway

https://mdl.mndot.gov/ flysystem/fedora/2023-04/ris-11.pdf
https://apps.dtic.mil/sti/tr/pdf/ADA350992.pdf

ey

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

Sources: US Army Corps of Engrs and Norwegian Building Institute
https://erdc-library.erdc.dren.mil/items/81b728f7-5e2f-4ef8-e053-411ac80adeb3

Retaining Wall

Styrotoam HI10
Metjorg
200-300mm
10-20mm

Stotte -
mur

84
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C. IBC/IRC — Unvented Crawlspaces

] Cuta passive refurn
Cutand place rigd c
ingulstion into the v thay oo

* IRC R408.3 S
. oy U:;::Y:ﬂhﬂ:: wmr(nm I ﬁ:;;-os-
* Allows ductwork in conditioned space; warm . a1
floor; no moist air foundation vents; storage space ;
: . oty
* Insulation only at crawlspace perimeter, not i i

between joists
* Requires conditioned air supply

Lap the & mil poly up
the crawispacs wall
upto 4° of the

1op of the wall.

Seal 6-mil paly
to floor drzin

Add a supply duct and
rogistor to the duct
Instad nigid

System o deliver

conditionad air to the

crawkspace.

Apply 8-mil poly ko fisor
leaving rocm fera of the erawispace. |le

inaulation aleng

foundation wall
3" termits teveal, corstruction lapa at the
if taquited seams,

https://basc.pnnl.gov/resource-
guides/unvented-insulated-crawlspaces 185

Saal Bmii paly to
sump pi

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 o
installed on the exterior face or under interior or exterior S —

foundation walls or slab foundations located below grade.
o N Research Report
* Foam plastics installed above grade and exposed earth shall ASIE

have clearance not less than 6 inches (152 mm).
* Exceptions: ’T’Sif..‘.ii;’:E;!.‘:&?;E’ij“iu:.‘.‘;’.ﬁ?c':%".‘ﬁ&':‘.i’.?:::"
. . . . lecommen: Improvements
* 1. Buildings with structural members (walls, floors, ceilings
and roofs) are entirely of noncombustible materials or

ABTG Research Report No. 1703-09

pressure-preservative-treated wood. O e reran Cromey Coont
* 2. Where in addition to the requirements of R305.1, an Report Witen b:
. . Applied Building Technology Group, LLC
approved method of protecting the foam plastic and s
structure from subterranean termite damage is used. it Repor ey 2. 2017
. . . Updated: January 14, 2021
* 3. On the interior side of basement walls. https://wwrw appliedbulldingtech com/r/1703-09
186
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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 "
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

5ill gasket above and
below termite shield

https://

187

V. Residential & Commercial Roof & Floor
Insulation (Horizontal Assemblies)

A. IECC/IRC — Thermal compliance

B. Applications

188
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A. IECC—Thermal Compliance

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

+

Climate Building Use Insulation Entirely | Attic &
Zone E Above Roof Deck | other https://basc.pnnl.gov/image
R-20ci s/iecc-climate-zone-map
-20ci 1
0,1 All other (U-0.048)
Group R R-38 2024 IECC Residential Provisions — Tables R402.1.2 & 402.1.3
All other .
2 Group R R-25ci (U-0.027) Climate - Insulation Entirely
p (U-0.039) Ceiling Floor
3 All other . Zone Above Roof Deck
Group R R-30
0,1 R-25¢i . . .
4 Except All other (U-0.035) R-13 or 7+5ci or 10ci
. (U-0.039) (U-0.064)
Marine Group R 2 R-38
R-30ci R-49 (U-0.030)
MS and . All other (U0032) | (U-0.020) - 3 R-19 or 13+5ci or 15ci
arine Group R exc.ept R-30ci (U-0.047)
Marine
6 All other (U-0.032)
Group R 5and ’
, All other Marine 4 ( R-49 ) R-30 or(19+7.5ci) or 20ci
U-0.026 U-0.033
Group R R-35ci R-60 6
8 All other (U-0.028) | (U-0017) s R-35ci R-38 or 19+10ci or 25¢i
an
Group R (U-0.028) (U-0.028)

Specific BTE Insulation Requirements

* [ECC-C
C402.1.2 Assembly U-factor, C-factor or F-factor-
based method

* C402.1.2.1.1 Tapered above-deck insulation
based on thickness

* (C402.1.2.1.2 Suspended ceilings
C402.1.3 Insulation component R-value method

* C402.1.3.1 R-value of multi-layered insulation
components

* (C402.1.3.2 Area-weighted averaging of R-values
* (C402.1.3.3 Suspended ceilings

C402.2 Specific insulation and installation
requirements

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

* C402.2.1.3 Minimum thickness of tapered
insulation

* IECC-R

R402.2 Specific insulation requirements
* R402.2.1 Ceilings with attics*

* R402.2.2 Ceilings without attics *

* R402.2.8 Floors**

* exceptions for framing depth can be overcome
by SPF

** specifically addresses “hybrid” cavity + ci

floor systems (now included in 2024 IECC R-
value options)

190
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B. 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 IBC

* Also, used in steep slope
roof applications

Source: PIMA

191

Ponding water reduces roof service life

IBC, 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)

Applications: Insulation Entirely Above Roof Deck

Source: GAF

Tapered insulation improves slope to drain

Base Layer (Not Always Used 7LRoofDeek o

Source: PIMA

3/6/2025
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Applications: Insulation Entirely Above Roof Deck

Often, tapered roof ||
insulation systems |H
are addressed by
manufacturer “shop
drawings” for
drainage, insulation
layout, and overall
roof R-value

compliance.

i35
i
s CRICKET SECTION
TVP}CAL- ECTION 112"/FT.

il NG NT.S.

[ N.T.S.

5}

B

Bl

Source: : Firestone

* SPF used as above-deck
roof insulation and roofing

* Requires added coating for
UV protection

194
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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 195

Applications: Cathedral Roofs / Unvented
Conditioned Attics

* SPF used to insulate conditioned
attic & cathedral ceiling on
interior side of roof deck

* Alternate to above-deck roof
insulation which is more
appropriate for metal roof framing

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

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

196
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Applications: Raised Floors/Elevated Buildings

Airspace —, Wood-based
subfloor |

* 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 ! fa
exposure o thermal barrier Gypsum board —/ / g nsiaon
(e.g., gypsum panels)

Cavity insulation —/

* Also useful for floor overhangs,
I|::)g|r§ic_ularly if adjoining walls have
Ci

* Can also use SPF for floor cavities
and Iperimeter (band/rim joist
insulation and air sealing)

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

Photo by Shaunna Mozingo

VI. Residential & Commercial — Existing Buildings/
Alterations

* 2024 IECC 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 occurring to:

* C503.2.1/R503.1.1.2 Roof, ceiling and attic alterations
C503.2.2/R503.1.1.1 Vertical fenestration

C503.2.3 Skylight area

C503.2.4/R503.1.1.3 Above-grade wall alterations
C503.2.5/R503.1.1.4 Floor alterations

C503.2.6/R503.1.1.5 Below-grade wall alterations
C503.2.7/R503.1.1.6 Air barrier

C503.3.6 Replacement or added roof mounted mechanical equipment

198
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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: Following alterations need not comply with requirements for new construction, provided that energy
use of building is not increased:

1.
2.

3.

A

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 (NEW)

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 (CE only)

Existing building undergoing alterations that complies with Section C407 (NEW)

199

Roof, Ceiling, and 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
Io%alted 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.

200
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Roof, Ceiling, and Attic Alterations

* (IECC) Roof Replacement.
An alteration that includes
the removal of all existing
layers of roof assembly
materials down to the roof
deck and installing
replacement materials
above the existing roof
deck.

* (IBC) 1512.2 Roof
replacement. Roof
replacement shall include
the removal of all existing
layers of roof assembly
materials down to the roof
deck.

High Roof

Door

Door Threshold at Low Reof Location

R A,V P

Thvough Wall Scupper

| DoES NOT MEET
| | ENERGY CODE
| | REQUIREMENTS

MEETS ENERGY INDICATES SLOPE OF
INSULATION TO DRAIN
REQU\REMENIS WATER

Example roof replacement plan (above deck roof insulation) by RDP
or 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/

201

Roof Mounted Mechanical Equipment (NEW)

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 equipment is replaced
or new equipment is added, and existing roof does not comply with insulation requirements 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 €503.3.6. 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 CURB HEIGHT, MINIMUM
0,1,2and 3 16 inches
4 5and 6 17 inches
7and 8 18 inches
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Metal Building Retrofit with FPIS ci
(Rated for Interior Exposure)

Before

Source: Dow / DuPont Building Performance Solutions

After

Above-Grade Wall Alterations

C503.2.4 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

€402.1.

Where any of the above requirements are applicable, the above-grade wall alteration

shall comply with Sections 1402.2 and 1404.3 of the International Building Code.

204
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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:
https://www.continuousinsulation.org
/remodeling-energy-efficiency

https://basc.pnnl. /[
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THANK YOU!

Questions?

206
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