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2021 IECC-Compliant Houses that Work in Every Climate £ ENERGY

What’s your climate zone? . Meeting and Beating the 2021 IECC

We’ve got a building assembly for that. : Even if your state has yet to adopt the 2021 International Energy Conservation
| Code, there are compelling reasons builders may want to build to it:

NG

IECC Climate Zones
1A Very Hot Humid 4C Mixed Marine < * The U.S. Department of Energy’s Zero Energy Ready Home program

2A Hot Humid J 5A Cool Humid . e requires it for the program’s Single-Family Version 2, Revision 1.
2B Hot Dry 5B Cold Dry a ‘

3AWarm Humid ] 5C Cool Marine ' * |t became the standard for the "45L" federal tax credit starting

3B Warm Dry I 6A Cold Humid 3 January 1, 2024.

3C Warm Marine [} 6B Cold Dry ‘ « Meeting the IECC 2021 code can help builders reduce carbon emissions
4A Mixed Humid B 7 Very Cold »=

. o ok and “future proof” their homes.
4B Mixed Dry I 8 Subarctic/Arctic

M
@

To help builders make the leap to these higher R-value requirements, Pacific
Vented Attic, ICF Wall, ICF Basement Foundation Northwest National Laboratory developed the 2021 IECC Assemblies Tool,

N which is housed in DOE's free online builder resource, the Building America

m : ; Solution Center. The heart of the tool is over 60 "whole-house” building
e of o = | | ; assembly drawings showing IECC-compliant roof, wall, foundation, and
i‘?’é T s apl 7 window detalls prepared for DOE by Building Science Corporation and vetted
(T @ ' for moisture risk by Oak Ridge National Laboratory using the Building Science

at perimeter
vapor barrier or polyethylene (Class | /

oo e . Advisor tool and additional analysis. The drawings provide climate-specific

of ICF wall to facilitate
airsealing of ceiling

Gypsum board on ceiling extended over
top of wood furring and sealed to

. options for meeting the prescriptive requirements of the 2021 IECC and IRC

board G
Wood furring (optional). If wood furring

Continuous J
is installed, it is held down from top of \

for thermal efficiency and condensation control.

Gasket (“sill seal”)
<+—— Gypsum board with latex paint or direct-
applied plaster (Class Il vapor retarder)

F wal (rinmum R.19 Select your climate zone to find building assembly drawings that meet the
2021 IECC prescriptive requirements. You'll also find the following:

Polymer-based (PB)
stucco installed directly
on ICF wall or Portland
cement plaster stucco
over metal lath

Vinyl starter track

Flashing (also acts as
termite barrier)

L
Ground slopes Joist hanger

awayfrom wall at 5%

(6 in.per 10 ft Ledger bolted to wall with anchor bolts cast

into wall

ICF foundation wall

Construction Drawings and Notes Window Details

Window Detail: Framed Wall with Plywood or OSBSheathing, a WRB, Thick Rigid Insulation, and Siding
(Wood, Fiber Cement, Aluminum, or Vinyl)

315" fiber cement
all surfaces coate

Protective membre
(capillary break)

<— Interior stucco thermal barrier or gypsum board

with latex paint (Class Il vapor retarder) 2021 IECC Climate Zone 1A: Unvented Attic with Spray « |ECC Climate Zone 1A: Unvented Attic with Spray Foam at

Foam at Roof Deck, 2x6 Wall/CMU Wall, Elevated Slab Roof Deck, 2x6 Wall/CMU Wall, Elevated Slab

Tile roofing The spray foam in the roof assembly can be either open-
Y Purlins cell or closed-cell spray polyurethane foam. Closed-cell spray Head
/ Roofing paper polyurethane foam significantly improves the wind uplift Furring Water resistant barrier (WRB)

Roof sheathing resistance of the roof assembly under hurricane conditions.

Granular backfill Sealant over bond break material

P 503523‘12“23'5 A draifnage mat is provided behind the stucco layer installed Plywood/OSB sheathing
polyurethane foam over the frame wall to control hydrostatic pressure. This Rigid insulation . . . .
oncrete slab assembly is drained to the exterior at a weep screed located at Head trim flashin |_—— Window flange flashed to face of structural sheathing with flashing tape
Filter fabric — Polyethylene vapor barrier . \' | the bottom of the wood framing. It should not be drained into 9
l the CMU wall. ;
Coarse gravel (no fines . - o 4 Baffe (o acicte i ot o s " v i s framed with 256 24 . ; Head trim | Continuous bead of sealant, adhesive, or gasket
o “T -t oam insulation i 24" o.c. advance . e wood frame wall is framed with 2x6 24" o.c. advance
J - 'fuég%oooﬁouOc ‘ ) framing framing as it uses less board footage (volume of wood framing) o .
Perforated drain pipe e ._3060%0 S , ‘ . _ than standard 2x4 16" o.c. framing and therefore is less - Interior air seal (sealant, caulk, or low-expansion spray foam)
AR s Granular capillary break and Polymer-mocifed (1) or—] ) ﬂa’fexgg;i‘:r(“cf’;;“.’..wv';“por expensive in material cost. It is also less expensive in labor _
: : — i—ass drainage pad (no fines) Standard Portan I retarder) caulked, glued, or (25% fewer framing members) and is faster to assemble. Drainage “gap”
gizerqIar?!ot());?nak:rvr%refr?)%trlgge) Concrete footing / Paper-backed | gosteledtobotom pite Although the code allows for 2x4 framing and lower R-value Sealant backer rod
PP 9 s 7 metal lath i cavity insulation the use of advanced framing and the
. /. Drainage mat ' R-13 minimum cavity insulation: associated cost savings more than offset the increase in the Nailing flange
Water control layer (building — chlraI:)L:)Igiec;:?:;?;aysioan:\;nzfé ‘g:\Z'ty cost of cavity insulation. The higher R-value 2x6 advanced
paper housewrap, or building i completely filled for fire protection framed wall is less expensive to construct. Sill Interior
1o and acoustics . . .
Plywood or B Although the minimum R-value of the insulation in this wall Sloped composite L] Interior air seal (sealant, caulk, or low-expansion spray foam)
) OSB sheathing i is R-13 per IECC, fire code may require the entire cavity to be trim —
2021 IECC Climate Zone 5: Membrane strip covering —— | filled, likely resulting in a higher R-value for a 2x6 wall, Gaulk or sealant
wood frame/masonry i
TF intersection under weep + Avoid vinyl wallpaper and oil-based paint or coatings in Formable flashing (wrapped around sill/jamb corners and up jambs)
Ve nted Ove I'-ROOf, U nvented CathEd I'al Cel I | ng y ZXG Wa I I y screed flashing T; . C°:Z°’I“a' ﬁrde:t"p Climate Zone 1A. These wall coverings are vapor impermeable
H | ertical wood furring . . . s
i " Polymer-modified (PM) ‘ and increase the risk of condensation within the wall.
Interior Insulated Basement Created with mapchart.net 2021 IECC Climate Zone 1A: orstandard Portand T Rt minimum ricid f L . o . Furring Sloping sill
P . . . cement stucco 3 insugt'i':;r':‘;';‘t:ﬂe d°;or:;styrene * The interior of the CMU walll is insulated with rigid insulation
Roof ventilation U nvented Attlc Wlth Spray Foam at ROOf DQCk, '— or polyisocyanurate that also controls inward vapor drive out of the CMU mass wall. 2x6 frame wall
. Control joint ‘ - "Seat" in concrete to The thickness of the rigid insulation is typically selected to allow o . PI d/OSB sheathi
Roofing through continuous ZXG Wa"/CM U Wa", Elevated Slab | i / receive masonry block electrical boxes to be installed on the interior surface of the Rigid insulation W):’:Vecl)'oresistantsb:\?rielrn(gWRB)
ridge vent Tile roofing Fill concrete block - [~ Concrete siab CMU mass wall without having to chisel the masonry blocks to Jamb Interior
Fully adhered roof underlayment . stem wall with °°”°re?\ L seat the electrical boxes. Although only R-4 rigid foam insulation House wrap tape
% Purlins St;Jhci:ot damp-;t)rtoofeéi o is needed on the interior of the CMU wall, thicker insulation may Nailing flange Water resistant barrier (WRB) Nailing flange
Wwith ‘atex paint to reduice I be needed to accommodate electrical outlets.
2x4 installed “upright”; 3 1/2" airspace i water absorption {Bi Sealant backer rod
prignt’; p Roofing paper Masonry wall | Sub-slab stone layer The polyethylene vapor barrier under the concrete slab & Interior air seal
o . L e ) . Roof sheathin Ground slopes away from e (nofines) extends over the top of the CMU stem wall to act as a capillary Continuous bead of sealant,
5);1:2“5J égc;dplgli/glc?/ggr?evg:h pﬁﬁ?oi?a%%?ﬁg 2021 IECC Climate Zone 4B: 9 wallat 5% (6" per 10) . break. adhesive, or gasket "\
R-30 open-cell or Concrete oo | . - -
) . ner ing —— * Portions of the CMU wall may need to be filled solid to meet 1
R-35 insulation: cellulose, fiberglass SIP ROOf! SIP Wa"! Stem Wa"! Slab on Grade 2021 IECC Climate Zone 2B: 2021 IECC Climate Zone 3A: closed-cell sp;ay belowfrost depth \‘ E sfclrlucltural requirements or to accommodate anchor bolts for a
. ’ ’ eey = . agy polyurethane foam sill plate. Flashing tape installed
mineral wool, or open-cell spray foam Roofing Flat Roof, Unvented, 2x6 Wall, Monolithic Slab on Grade Vented Attic, 2x6 Wall, Monolithic Slab on Gradse over window fI%
Furring
Roof sheathing 2X12 wood rafters Roofing underlayment | Each building assembly drawing is accompanied by detailed notes.
Ig L] L] L] L] L] L]
Fully adhered roof 4 1/2" gypsum board with | Metal cap | | i Head, sill, and jamb drawings show how to integrate windows into each
membrta nle | underlayment \ a Class Il vapor retarder Roof sheathing — Roofing membrane Roofing Attic ventilation Baffle to facilitate {2 .
air control layer s ; : , . , ) g .
Y 0 coating (latex paint) Copi Roofing paper through continuous foam insulation e 2X6 24" o0.c. advanced Case Stu d 1eS wall assembly type.
Drip edge / = R-60 SIP: expanded polystyrene oping wedge — Roof sheathing/cover board ridge vent { framing
A N or polyisocyanurate - Roof sheathing ;
. Fully adhered IE — R-10 rigid foam insulation: extrudec H W t G d t BASC P N N L G
" / I\ roof membrane I olyst SrJene or polvisocvanurate Insulation baffle prevents wind blowing n - OW-10 uidance a . GO0V
2" vent space Continuous rim joist/ air control layer IE POTySty polylsocy through insulation and maintains 2" Polymer-modified (PM) or | < 1/2" gypsum board with Ad d ISON H omes
rafter joist Fascia i clearance under roof sheathing standard Portland |atteXdpalnt (C|||?S§ ”II vagor ZERO The Keowee | Salem, SC | Addison-Homes.com ERERe
o retarder) caulkeaq, giued, or ffice of ar e q q
Slocking Spray foam air seal K I \ Roof sheathing Raised-heel roof truss / cement stucco gasketezj to botton? plate ENERGY EFFICIENCY & Building America Solution Center Help  User ‘ Enter Keyword
IR . . RENEWABLE ENERGY
- : e provides increased depth of A N~ Paper-backed
i - 1/2" board with Finish Soffit " Wi | roof insulation at perimeter A A SS : PROGRAMS & GUIDES ¥ RESOURCES PYBLICATION & RESEARCH ¥
Siding over 1x4 furring gypsum board wi material Beveled blocking 18" wide membrane : - | o~ metal lath
Ai d furri tri goce:lltlar?S (Illétveaxpogill"\etgarder strip under parapet :E - JaVS /| N Drainage mat R-13 minimum cavity insulation EERE > BTO > BUILDING AMERICA SOLUTION CENTER HOME > Guides A-Z > AIR SEALING AND INSULATING CEILINGS
° ~ | ) - . -
IF gap and turring strips 9 P Sealant folded down over s VAN | NV S VAR VAR VA A ) cellulose fiberglassymineral wool
el - TR " Wood siding (all : I8 Water control layer (building —| ’ ’ ’
R-7.5 rigid insulation with joints 2X6 24" o.c. advanced _ exterior OSB le y g ) _ : . S . d . C ags
taped: extruded polystyrene or framing surfaces painted) R-30 SIP: expanded polystyrene : AT L _ . paper, housewrap, or building ggr?qu:t;elLiﬁggaz)ﬁﬁ:’ f:tigt&i](\)/;:y Al r eal N g dan I nsu Iatl n g el I N gS
foil-faced polyisocyanurate or fiber cement or polyisocyanurate Polymer-modified (PM) ————i - R-40 insulation: cellulose, fiberglass, Continuous soffit vent R-ﬁgl mSUI? ltnlon:I rap) and Zcousytics p
_ _ : mineral wool, or open-cell spray foam; _ . cellulose, noerglass, or . g - g -
R-20 insulation: cellulose, or standard Portland :E | cavity completely ?illed pray Vinyl or aluminum - mineral wool Plywood or Scope Description Success Climate Training Compliance Retrofit More
fiberglass, mineral wool, =l5 cement stucco s - _ siding N OSB sheathing o
or open-cell spray foam — I3 Ceiling gypsum board installed o o Ceiling gypsum board Description
= Airspace and furring e before wall gypsum board with R-5 rigid insulation with installed before wall gypsurr Memb i , _ _ o
Sealant :31 Sill gasket s room perimeters caulked with joints taped: extruded board with e embrane strip covering —- In simplest terms, a house is a six-sided assembly composed of four walls, a roof, and a floor. When these
Sill gasket — Sealant I sealant o top plates polystyrene or foil faced c:alrke\c,jw .tLO:;genTrtgeter wood frame/masonry e components are all connected, they comprise the building enclosure or the physical shell of the home. Within these
. . . u WI H H IOLOS COVUI' esy O aaison Q/?’?&?S . . , . . . .
_ 3 Water control layer (building Masticed membrane strip la S Latex paint (Class Il vapor retarder) polyisocyanurate s p intersection !Jnder weep . . _ : assemblies are components that comprise the home’s thermal envelope (insulation) and air barrier. For the best
Perforated pIaSt|C bracket ] r-h WI- r ildin . p screed ﬂaShmg | Horizontal fire StOp “We embarked on our home-building journey with a firm focus on maximizing efficiency, comfort, and durability.” Homeowners erformance, the home’s thermal layer should be fully aligned with (in full continuous contact with) the air barrier.
: - Sprav f | paper, housewrap, or building (also acts as capillary break) A 2X6 24” d d frami A P y yalg
. I - .C. " " H O . .
for !n§epﬂrodgnt protection pray 1oam air sea wrap) L . Drainage mat e 0.C. advanced framing 2X6 24" 0.C. = 1/2" gypsum board with (s Vertical wood furring
of rigid insulation E'glg LnSUIstlontas" I ot . i I3 R-I1I 3I minirpgm ?avity ir]sulatlion: I advanced framing > latex paint coating (Class IlI Polymer-modified (PM) T — , -
_ P : ond break materia ater control layer (building cellulose, fniberglass, mineral wool, or . o . >< vapor retarder or standard Portland 1| o b -
Grc|>|und5§/lop6e"s aw%'from Elthjg:?\Itg Itg?)uelgj“on vaper, housewrap or building s open-cell spray foam: 2x6 cavity shown R-13 minimum cavity insulation: ) P ) cement StUGCO |- R-4 minimum rigid foam : 24
: ’ o . ; ; ; i ) w2 . . : ' : > —
wall at 5% (6" per | ) (with extruded polystyrene, Concrete slab wrap) I completely filled for fire protection ceIIuIIose, flberglelllss, mlnferal . — Sealant at bottom plate L " ) msulatl.on: extruded polystyrene o : >, SO > - x :
prpermea"ble backfill interior gypsum board lining —— Polyethylene Is P 1/2" avosum board with latex paint wool, or open-cell spray foam, :, Sill gasket or polyisocyanurate PROJECT DATA KEY FEATURES
( Clay Cap ) requ".ed for f"..e ratlng or VapOl' barner PIyWOOd or . : ¢ hl gyp p 2X6 CaVIty Shown Completely fllled P ContrOI J0|nt "Seat" |n Concrete to - Layout: 4 bdrm, 3 bath, 2 fls, 2,775 ft2 * Walls: 2x4 16” o.c. +1” XPS, R-18 total: advanced framed, R-13 unfaced fiberglass batt in cavity, OSB, 1”7 XPS with
8" concrete foundation wall foil-faced polyisocyanurate : « OSB sheathing I3 Sealant at bottom plate for fire protection — T&G subfloor v receive masonry block + Cllmate: 34, mixed-humia et rasiont bormosronf bt it e oo
rated to be left exposed . IE " . .. . ey . | —— * Completed: April 2022 sor:)tﬁet;ac f(eelt. sroulj ;veshriiolés or arcohritlelceturatljsh]in‘Bles. e e Seene e eeee
Free_d ra|n|ng baCkf”I ) Weep Screed ﬂaShIng : : Gypsum board held up from Slab 1 Perforated pIaStIC braCket for >> R-1 0 rlgld |nSU|at|0n eXtrUd( | .<.1 * Category: Custom Spec Ai‘.tic: Vented attic, 15” R-44gblown fiberglass on flatieilings, 11” R-38 batt fiberglass in vaulted ceilings, 5.5” R-19
i ° . . / 1 1 | - ° batt +1” on kneewalls; joist bays under kneewalls blocked.
+— Gypsum board tUCked behlnd :0 Mashced membrane Stnp ||:']S.eC.t/r0der:]t prOteCtlon Of :%‘ pOIyStyrene or pOIyISOCyanu‘ FI” Concrete. bIOCk | ) : r Concrete Slab T:E;:EZ:EQ\;E::?:\?:O?QT; PV 26 Eot;tn(j]at?ozs: Unvkented c”ra’vjvlsptat:e?/&:” C‘:w tvith top|>I c:Lrs: gdrouted solid. Interior: 2” rigid polyiso; Exterior: liquid
- Ground slopes AN drainage mat | (also acts as capillary break) rigid insulation e A EEEEEEEE_———— stem wall with concrete A" X ' ‘ . . . Annual Eneray Costs: * waterproofing, dimpled plastic drain board. 15-mil vapor barrier.
. —— Treated wood bottom plate f Il at \ . eXtrUded pOIyStyrene <= c T T < T G S : S 4 4 <= 2 A = 4 - 2 4 < 4 4 4 without PV $1,700: with PV $950 Windows: Triple-pane, argon-filled, 2 low-e layers, vinyl frame, U=0.26, SHGC=0.22. Motorized blinds. Operable
DampprOOflng tO grade away rom wall a ° r,i id in I ti n eXtendS s 4 s 4 s 4 s 4 s J_Channel Starter Stl’l s 4 A_ e 2 A 4 A. s ) 4 4 4 T4 g - Annual Energy Cost Savings: * skylights with sensor-controlled motorized cellular blinds.
_ SIII gasket 5% (6" per 1 O') 4 X hg . Stu ”a 2 O Pal’ge Coat damp'prOOfed ] ' oo A oo oo p \ ., @ : + a. a . 4 StUCCO damp-pl’OOfed = (vs typical new homes) without PV $1,550; with Air Sealing: 1.95 ACH 50, drywall gasket at top plate, taped XPS, taped foundation-wall seam, foam at door and
A orizonta N" . . | . < . o0 A P o l ! A . . A . . a4 PV $2,300 * window rough openings.
Sealant - 4n Concrete Slab 2 y Wlth Iatex palnt to reduce : . q © ) . Ground Slopes away SC _'A__ / Wlt:] Iatebx pal?t to reduce A - = = = = - Annual Energy Savings: without PV 14,550 kWh; i Ventilation: Exhaust fans, ventilating dehumidifier, PV-powered ventilating skylights.
. A o H | IEAEES . R 2 water apsorptuon 1 with PV 7,150 kWh . HVAC: Central air souce heat pump, 9.6 HSPF and 20 SEER, compact duct design, variable speed compressor, [ ]
Rigid insulation as _ Dampproofing > N Granular capillary break and water absorption - from wall at 5% \ A P L — Polyethelene vapor barrier T 50 veurs variabl refrigerant flow. MERV 16 carbon fiter In su I ation
6 mII pOIyetherne dra'nage pad (nO ﬂneS) . 29 . S 4" Concrete Slab (6 |n per 10 f‘t ) . 20 "o 4" Concrete Slab o without PV $64,200: with PV $95,400 ° Hot Water: Heat pump water heater, 80 gallon, 4.7 UEF. Smart recirculation pump.
bond break —z = % o 4 ) ) _'e A ‘A"' _'4 A MaSOH ry Wa” » a SUb'SIab Stone Iayer * Lighting and Appliances: LED lighting, ENERGY STAR appliances. Two skylights in great room. Two sun tunnels
. . R-1 O r|g|d |nsu|at|on /)I" e L e | e, . f with solar-powered nightlights. Baffl e
Capillary break over footing truded polvst Masonry > Fill concrete block : L Sub-slab stone - |«— 6 mil polyethylene 20 (no fines) Todd Usher - Solar: 5.24 KW solar PV shingles, no battery.
. extruded polystyrene i a . . Ground slopes awa Aoa s . . a Ground slopes away from — 864-848-2667 * Energy Management System: Sensor-controlled smart thermostats.
(damproofing or membrane) foundation wall | foundation wall with concrete P y ' - layer (no fines) 6 mil polyethylene to grade T P y A todd@addison-homes.com ey
. 7'y from wall at 5% ST y polyetny g < I _ wall at 5% (6" per 10") \< - * Other: 2 EV charging stations. Permanent roof anchors for worker fall protection. Figure 1. After all holes through the ceiling are air sealed and the baffles have been
4 4 . [ o ° A A . . . . . . . . .
Filter fabric - . Capillary (6 in. per 10 ft ) : e A o s » » . mstallled, th_e insulation can be installed in full contact with the ceiling drywall, which is
Concrete > . -P ' Polyethylene T : L ENERGY Energy Efficiency & FETHE o) oneroy Gov/oare/buldinge)sero-enerty.raods-home or scan the GR code. = Building the air barrier.
: : break over - s Concrete footing ————— — ENERGY  renewabie Energy ’ e Ameica
. . : " i 5 s 0. 8 . i - a ~
Perimeter drain A L4 stone layer :S:St!{ndgebterllow footing Monolithic slab vapor barrier below frost depth ~ . | _ _ _ _ _ _
S (no fines) P A Case studies show real-world examples of 2021 IECC Links take builders to detailed how-to construction QUIdance in the
Drain pipe through footing T _ —— - : :
every 10' Concrete footing construction in each climate zone. BU|Id|ng America Solution Center. BASC PN N L.GOV.

Visit the

2021 I[ECC Assembilies tool

In the Building America Solution Center
basc.pnnl.gov/building-assemblies
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For more information, contact:
Christian.Kaltreider@PNNL.Gov
Theresa.Gilbride@PNNL.Gov
Chrissi.Antonopoulos@PNNL.Gov




