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In accordance with the Department of Labor
and Industry’s statute 326.0981, Subd. 11,

“This educational offering is recognized by the
Minnesota Department of Labor and Industry as
satisfying 1.5 hours of credit toward Building
Officials and Residential Contractors
continuing education requirements.”

For additional continuing education approvals,
please see your credit tracking card.



Learning Objectives

. Why walls matter so much.
. Applying building science to high performance walls.

. Reducing vulnerability and increasing performance:
addressing thermal bridges, long term durability, drying
potential, and water management.

. A brief history of high performance wall assemblies for a
cold climate — a lesson in thinking critically about what
needs improvement.

. Evolving theory to practice — making things better AND
buildable. More robust high performance wall assemblies —
managing heat, air and moisture in the long-term.

. Why should we be building this way?



“In the beginner’'s mind there are many
possibilities, but in the expert’s there are few.”

- Shunryu Suzuki (1904-1971)



Why Walls Matter So Much

They provide structure.

They provide enclosure.

They connect directly to floors, windows, doors, roof.
Exterior finishes and elements attach to them.
Interior partitions and finishes attach to them.

We usually run systems through them (MEP).

And, above grade walls typically account for the
largest amount of annual heat loss in a heating
dominated climate.



Evaluating the Performance of Walls

Performance Feature
Structural Soundness
Long Term Durability
Drying Potential
Thermal Performance

Effectiveness of Air Barrier

Durability of Air Barrier

Vapor Control

Compatibility with MEP install
Adaptability for MEP changes
Reasonable to Construct
Ease of Exterior Attachments

Water Management




Building Science and High Performance

Cold
Climates
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Controlling These Matters
(a lot)

= Moisture Flow

= Water
= Vapor

= Air Flow

= Heat Flow

Not surprisingly, these things often work together.
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Moisture Control

Wall assemblies get wet.
Moisture comes from the interior and the exterior.
Too much accumulated moisture can cause damage.

Strategies to minimize the risk of moisture damage:
« Control of moisture entry

« Control of moisture accumulation

« Removal of moisture

A wall should be able to remove the moisture,
« By draining
* Or by drying.

Paraphrased from the Builder’s Guide to Cold Climates by Joe Lstiburek
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Air Barrier systems should be:

Impermeable to air flow
Continuous over the entire building
enclosure
Able to withstand the forces that may act on
them during and after construction
Durable over the expected lifetime of the
building.

Building Science Corporation

BSD-104-Understanding Air Barriers
buildingscience.com
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Heat Flow

Image from homenergypros.Ibl.gov

“Warm moves toward cold.”
The capacity of thermal
Resistance of a material is
expressed in R-value. Higher
R-value indicates more
Resistance to heat flow.



Disruptions to these flows reduce
building performance.

* [f you don’'t manage bulk water or water vapor and the wall
fails, then other High Performance measures are
worthless.

* |f you don’t manage air, you can end up with moisture
transport.

= Air leakage also increases heat loss.

= Thermal bridges can create cold spots that which in turn
allow condensation to form.
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Thermal Bridges

Whole wall R-values of single
stud walls with cavity insulation
only will be 15-25% less than the
R-value of the cavity insulation,
N el  due mainly to the framing factor of
the wood studs.
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Steel framing performs even
worse than wood framing

i 2 x 6 studs at 16” O.C. with R-21
Images from Dryvit Systems batts as cavity insulation: Actual wall

R-value will be between R-15 and
R-18, or U-value about 0.064.

— ‘3341
! .
% Cold Exterior

Warm Interior Burn that Thermal Bridge:

A 2 x 4 wall with R-11 cavity insulation
and R-10 continuous insulation has a
U-value of 0.047, or about R-21!

Insulation
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s a Code Wall High Performance?

2012 IECC + 2015 MN Chapter 1322 Performance Feature

I : . Structural Soundness
= A continuous air barrier.

Long Term Durability
» Building air tightness of <3ACH50 Drying Potential
Thermal Performance

= Framed Walls Climate Zone 6: _ : .
Effectiveness of Air Barrier

» R-20 cavity insulation
= R- 13 cavity with R-5 c.i.

= Alternate: max. U-value 0.48

Durability of Air Barrier

Vapor Control

Compatibility with MEP install

= Framed Walls Climate Zone 7: Adaptabllity for MEP cnanges
» R-21 cavity insulation Reasonable to Construct

=  Alternate: max. U-value 0.48 Ease of Exterior Attachments
Water Management

Code doesn’t REALLY tell you how to build a wall.
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rief History of Cold Climate
High Performance Walls

VAPOR RETARDER

1/2" GWB O/ POLYAMIDE VAPOR RETARDER ——
{ ¥ SIDING OVER 3/4" FURRING
DENSE PACK CELLULOSE CAVITY INSULATION — | | T Y

. { ¢ 7/16" OSB SHEATHING WITH ALL
DRAFT. STOP C.AVITY 010 0.C. HORZ: { t SEAMS SEALED TO SERVE AS AN AIR CUT POLY V.8. TO ROUGH OPENING, SEAL TO £.0.
MAX WITH 1/2" GWB | BARRIER WALL @ OFENING W/ ACOUSTICAL SEALANT, THEN
WOOD FRAMED DOUBLE STUD WALL
WITH 2X4 INTERIOR AND EXTERIOR
WALLS t }
DRYING POTENTIAL ¢ } MINIMAL DRYING POTENTIAL

(BETTER WITH PLYWOOD)

—

CAuLK

PLASTIC J- BEAD

LOW EXPANSION

FOAM SEALANT

PEEL AND STICK FLASHING
FROM SILL TO HEAD, LAPPED
OVIR SILL PAN FLASHING AND
WRAPPED ONTO F.O. WALL
OVER HOUSEWRAP 2° MIN.

WATER RESISTANT

BARRIER
HOUSEWRAP CUT TO R.0. TYP.
SEALANT TYP. @ JAMES

FOAM SEALANT AIR BARRIER
CAULK HERE

3/4" PLYWOOD "BOX"

VAPOR RETARDER

1X JAMB EXTENSION

Single Stud + Rigid Insulation
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Double Stud Walls

= Familiar assemblies, common materials
= Usually filled with blown in insulation

= There are variations in assembly, using the
same principle.
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Double Stud Walls

= With one approach to
details, you can vary
the thickness and
achieve an overall R-
value that “fits.”

= Easy to achieve
thermally broken walls
with R-38-R-50+.

= Most builders report it
as the most cost-
effective high-R wall
to construct.
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Window and door framing

Openings require special
framing details, not
complicated if thought out in
advance and drawn.
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Best long-term water managemen

SIDING OVER FURRING

HEADER, IF RQD., AT EXT.
. FRAMED WALL ONLY
CAULK BOX SEAMS AT HEAD e ; HEAD FLASHING OVER TRIM,
TO JAMB AND JAMB TO SILL ; : N IF ANY
JOINTS TYP. PRIOR TO , TRIM, IF ANY
WINDOW INSTALLATION 7| : . :

CORRUGATED PLASTIC
INSECT BARRIER

WOOD TRIM, OR ' X2 LAP HOUSEWRAP OVER TOP
GWB RETURNS / 2—_—_—_2_—=__‘ | NAILING FIN AND SEAL TO FIN

5 e R R AR T | WITH SEALANT AND/OR

GWB SHIMMED AS RQD '

PLASTIC J-BEAD OR WDW _

MFR'S GWB CHANNEL
OR WOOD TRIM

CAULK (AND BACKER ROD
IF REQUIRED)

TILE OR OTHER SILL SURFACE
SHIMMED AS REQUIRED

CUT POLY AIR BARRIER TO
R.O., THEN SEAL IT TO
FACE OF WALL FRAMING
W/ ACOUSTICAL SEALANT,
THEN TAPE SEAM INTO BOX
TYP. AT ALL SIDES

3/4" PLYWD. SILL, JAMBS
AND HEAD TO FORM A
PLYWOOD "BOX"

GWB O/ 6 MIL POLY VAPOR
RETARDER/ AIR BARRIER
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APPROVED TAPE
NO CAULK AT HEAD TRIM

INSTALL AND SHIM WINDOW UNIT
WITH A MINIMUM 1/2" GAP AT ALL
SIDES TO ALLOW FOR FOAM
SEALANT. CAULKING FINS TO
WALL IS OPTIONAL.

INSTALL SELF-ADHERING FLASHING
FROM HEAD TO SILL, LAPPED
OVER SILL PAN FLASHING AND
TURNED ONTO FACE OF THE WALL
OVER THE HOUSEWRAP TYP.

LOW EXPANSION URETHANE FOAM
SEALANT TYP, TO FILL THE SHIM
SPACE

CAULK

INSTALL A CONTINUOUS SLOPED
SILL FROM JAMB TO JAMB

CUT HOUSEWRAP TO R.O. AT ALL
SIDES OF OPENING TYP., THEN
INSTALL SELF-ADHERED PAN
FLASHING CONT. ACROSS SILL
AND TURN IT UP JAMBS 6" MIN.
EA. SIDE. FLASHING TO LAP
ONTO FACE OF WALL, OVER
HOUSEWRAP.



The “traditional” double stud wall.

VAPOR RETARDER

AIR BARRIER

1/2" GWB O/ SEALED 6 MIL POLYETHYLENE .
VAPOR RETARDER/AIR BARRIER SIDING OVER 3/4" FURRING O/

WATER RESISTIVE BARRIER O/
DENSE PACK CELLULOSE CAVITY INSULATION STRUCTURAL FIBERBOARD

DRAFT STOP CAVITY @ 10' O.C. HORIZ. SHEATHING

MAX WITH 1/2" GWB

WOOD FRAMED DOUBLE STUD WALL

WITH 2X4 INTERIOR AND EXTERIOR

WALLS DRYING POTENTIAL

("TRADITIONAL" DBL STUD WALL)

What's wrong with this picture?
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Air and Vapor Control Issues
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Traditional Double Stud Wall

Performance Feature
Structural Soundness

Long Term Durability

Drying Potential
Thermal Performance

Effectiveness of Air Barrier

Durability of Air Barrier

Vapor Control

Compatibility with MEP install
Adaptability for MEP changes

Reasonable to Construct
Ease of Exterior Attachments

Water Management
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“Next Generation” Double Stud Wall

VAPOR RETARDER

e
£
-4
-4
&
-4
<

1/2" GWB O/ SEALED 7/16" OSB VAPOR '
RETARDER/AIR BARRIER SIDING OVER 3/4" FURRING O/

| WATER RESISTIVE BARRIER O/
DENSE PACK CELLULOSE CAVITY INSULATION STRUCTURAL FIBERBOARD

DRAFT STOP CAVITY @ 10' O.C. HORIZ. | SHEATHING
MAX WITH 1/2" GWB

WOOD FRAMED DOUBLE STUD WALL
WITH 2X4 INTERIOR AND EXTERIOR
WALLS <X DRYING POTENTIAL

Interior rigid air barrier also delivers vapor control. Good drying potential.
Services still occur “behind” air barrier.
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“Next generation” double stud wall.

VAPOR RETARDER

AIR BARRIER

1/2" GWB O/ POLYAMIDE VAPOR RETARDER

SIDING OVER 3/4" FURRING O/
OPEN-CELL SPRAY FOAM TO FILL CAVITY / WATER RESISTIVE BARRIER OVER

' 1/2" PLYWOOD SHEATHING WITH
A :C: :
SIZ?(F\IIELO]P/%.. \é% L0 HORE ALL SEAMS SEALED TO CREATE AN
AIR BARRIER

WOOD FRAMED DOUBLE STUD WALL
WITH 2X4 INTERIOR AND EXTERIOR
WALLS

DRYING POTENTIAL MINIMAL DRYING POTENTIAL

(RUSS CABIN)

Interior polyamide or vapor retarder paint over GWB as warm-side
Class Il vapor retarder. Exterior sheathing as rigid air barrier.
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Evolution of a cold climate double stud wall.

Plywood sheathing sealed as air barrier. Open cell foam is also air impermeable.

If insulation were blown in, services would be easier to access and modify.
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Double Stud Wall w/Exterior
Sheathing Air Barrier

Periormance Feature
Structural Soundness
Long Term Durability
Drying Potential

Thermal Performance
Effectiveness of Air Barrier

Durability of Air Barrier

: !
2 e e
o e e

N e

Vapor Control

Compatibility with MEP install
Adaptability for MEP changes

Reasonable to Construct

Ease of Exterior Attachments

Water Management

26



Single Stud Walls with Exterior
Foam Sheathing

- Variations on Joe
g Lstiburek’s “Perfect Wall.”




TAPE 5/4 X 4 TRIM
SELF ADHERED JAMB FURRING

FLASHING SEALANT
SEALANT / TYP. SIDING
—\ HOUSEWRAP
N@&

WATER RESISTANT
BARRIER

FOAM SEALANT AIR BARRIER

CAULK HERE
3/4" PLYWOOD "BOX"

VAPOR RETARDER
1X JAMB EXTENSION

Thermal bridging readily addressed.
Structure is protected and kept warm.
Integrates well with vertical slab edge insulation.
Can frame with 2 x 6 or 2 x 4 stud walls.

Board sheathing can easily be the air barrier, rigid and protected.
28



Structure is simple. Building can be enclosed fairly quickly.
Window bucks can be extended during framing.
Wiring and other systems can go in, all inboard of the air barrier.
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Rigid sheathing as the air barrier

www.diychatroom.com

Plywood or OSB seams are sealed with caulk, tape, or liquid.

ZIP sheathing proprietary system has benefits.
Beware instances of some OSB failing air tightness.
Sheathing must be sealed to framing intersections for continuity:

top and bottom plates, trusses, box frames for windows and doors
30



To minimize the risk of accumulated moisture,
use enough foam on the exterior.

| Zone [Class Il vapor retarders permitted for:
Marine 4 |Vented cladding over OSB

Vented cladding over plywood

Vented cladding over fiberboard

Vented cladding over gypsum

Insulated sheathing with R-value >= 2.5 over 2x4 wall
Insulated sheathing with R-value >= 3.75 over 2x6 wall

Vented cladding over fiberboard

Vented cladding over gypsum

Insulated sheathing with R-value >= 7.5 over 2x4 wall
Insulated sheathing with R-value >= 11.25 over 2x6 wall

7 and 8 |Insulated sheathing with R-value >= 10 over 2x4 wall
Insulated sheathing with R-value >= 15 over 2x6 wall

Vented cladding over OSB

Vented cladding over plywood

Vented cladding over fiberboard

Vented cladding over gypsum

Insulated sheathing with R-value >= 5 over 2x4 wall
Insulated sheathing with R-value >= 7.5 over 2x6 wall




Foam exterior plane isn’t ideal

After structural sheathing, two more times around the house for insulation.

All types of continuous insulation can compress, making it harder to fasten
furring and siding to a smooth plane.
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Exterior attachments get tricky

5/8" GWB AT KNEE WALLS TYP., OVER
2X4 WOOD STUDS @ 24" O.C., STUDS TO

ALIGN WITH ROOF TRUSSES ABOVE TYP. == LAP SIDING OVER 1/2" MIN. WOOD
— FURRING ATT. WITH 5-1/2" MIN.

GRK SCREWS INTO WOOD STUDS @
16" O.C. MAX. O/ WEATHER
RESISTANT BARRIER WITH ALL
SEAMS TAPED O/ TWO 1-1/2"
LAYERS OF PAPER FACED
POLYISOCYANURATE W/ SEAMS
STAGGERED AND EXTERIOR SEAMS
TAPED O/ 1/2" PLYWOOD
SHEATHING SEALED TO TOP AND
BOTTOM PLATES AND ALL SEAMS
CAULKED AND TAPED TYP. TO
SERVE AS AIR BARRIER

3/4" T&G PLYWOOD SHEATHING O/
WOOD FLOOR TRUSSES @ 16" O.C. TYP. —\

. : ALTERNATE SHEATHING: ZIP
3" OF 1# SPRAY FOAM AT RIM TYP. ‘. SYSTEM

» Long screws to fasten siding through furring
= Extra planning at corners to find solid fastening

» Deck attachment details can get complicated
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Traditional Single Stud + Rigid Wall

Performance Feature

Structural Soundness
Long Term Durability
Drying Potential

Thermal Performance
Effectiveness of Air Barrier

Durability of Air Barrier

Vapor Control

Compatibility with MEP install
Adaptability for MEP changes

Reasonable to Construct

Ease of Exterior Attachments

Water Management
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SIP Walls

CUT POLY V.8. TO ROUGH OPENING, SEAL TO F.O.
WALL ® OPENING W/ ACOUSTICAL SEALANT, THEN
TAPE TYP.

CAULK

ge:214

PLASTIC J-BEAD

LOW EXPANSION
FOAM SEALANT

PEEL AND STICK FLASHING
FROM SILL TO HEAD, LAPPED
OVER SILL PAN FLASHING AND
WRAPPED ONTO F.O. WALL
OVER HOUSEWRAP 2 MIN.

vewvues \NN

HOUSEWRAP CUT TO R.O. TYP.
SEALANT TYP, @ JAMES
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SIP Wall

36

Performance Feature
Structural Soundness
Long Term Durability
Drying Potential

Thermal Performance
Effectiveness of Air Barrier
Durability of Air Barrier

Vapor Control

Compatibility with MEP install
Adaptability for MEP changes

Reasonable to Construct
Ease of Exterior Attachments

Water Management
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Can we make things better?

Can we design a much better thermal
envelope with better long-term durability?

Can we make it easier to construct?

Can we make it easy to add things (siding,
decks, porches, sunscreens) to the exterior?

Can we make it easy to get to things on the
interior, for future modification?
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Evolving
single stud + continuous insulation

VAPOR RETARDER

AIR BARRIER

1/2" GWB W/ 2 COATS OF LATEX A —— PANEL AND BATTEN SIDING OVER
PAINT (CLASS Ill VAPOR RETARDER) s /—

3/4" FURRING OVER WRB (15#

04 BUILDING PAPER) OVER NAILBASE
2X4 STRUCTURAL CAVITY WALL W/ XKL PANEL (7/16" OSB BONDED TO

R-13 DENSE PACKED CELLULOSE 7-1/4" EPS) OVER 7/16" OSB

or 2 x 6 structural wall - STRUCTURAL SHEATHING SEALED
XX == TO CREATE AN AIR BARRIER

DRYING POTENTIAL




(S)IP HYBRID

1X8 VERTICAL SQUARE EDGED T&G
WOOD SIDING, STAINED, O/ HORIZ.
COR-A-VENT SV-3 (7/16") FURRING @ 24"
0O.C. OR 10MM BENJAMIN OBDYKE
HOMESLICKER

2-LAYERS OF #15 BUILDING PAPER O/
“NAILBASE" PANEL (7/16" OSB BONDED
TO 7-3/8" EPS) OVER 1/2" ZIP SHEATHING

6" XPS INSTALLED IN 2 LAYERS MIN. WITH
SEAMS STAGGERED, ATT. TO CONC W/
ADHESIVE

3" WING INSULATION WITH 1/2" PER FT.
SLOPE AWAY FROM FOUNDATION

ICE AND WATER SHIELD OR EPDM FROM
BENEATH OUTER EDGE OF FOAM, TO COVER
ALL HORIZ. AND VERT. FOUNDATION FOAM,
SEE 6/A4.3
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IP HYBRID
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(S)IP HYBRID

INSULATION BAFFLE TO MAINTAIN
MIN. 1-1/2" AIR SPACE AT ALL BAYS

TYP. FASCIA

STAINED CEDAR PLYWOOD SOFFIT
W/ CONT. VENT STRIP, TYP.

2x2 FRIEZE TRIM, TYP.

CEDAR T&G SIDING O/ 10 mm DRAINAGE
MAT O/ 15# BUILDING PAPER (WRB) O/
7-14" NAIL BASE INSULATED WALL PANEL
SHEATHING (R-25 CONT.)

1/2" PLYWOOD SHEATHING W/ SEAMS
CAULKED & TAPED O/ 2x6 BEARING WALL
W/ STUDS @ 16" O.C., TYP.

NOTE:

THE PLYWOOD @ THE STUD WALL IS THE
AIR BARRIER OF THIS ASSEMBLY. IT
SHOULD BE CONTINUOUS, SEALED, &
CONNECTED TO OTHER AIR BARRIER
COMPONENTS OF THE BUILDING

41

—~——SIMPSON H2.5A TRUSS
CLIP TYP.

5/8" GWB OVER 6-MIL POLYETHYLENE
BARRIER/VAPOR RETARDER. SEAL
POLYETHYLENE TO WALL TOP PLATE,
AND INSTALL PER TYPICAL DETAILS O
NOTE SHEET 1/A0.1

DOUBLE 2x6 TOP PLATE, TYP.

RIM AS REQ. BY TRUSS MFR. SEE CODH
NOTES ON SHEET A0.1

TYP. RIM INSULATION

1/2" GWB W/ 2 COATS OF LATEX
PAINT (CLASS Il VAPOR RETARDER)
OVER BEARING WALL W/ 2x6s @
16" O.C. & R-21 DENSE PACK
CELLULOSE CAVITY INSULATION



(S)IP HYBRID

STANDING SEAM METAL ROOF OVER HIGH TEMP
ICE AND WATER SHIELD OVER 5/8" PLYWOOD
ROOF SHEATHING TYP.

24" BLOWN CELLULOSE TYP. (R-80 MIN)

5/8" GWB O/ SEALED 6 MIL POLY VAPOR
RETARDER/AIR BARRIER

SIMPSON H2.5A TRUSS CLIP TYP.

1/2" GWB OVER 2-MIL POLYAMIDE VAPOR
RETARDER OVER 2X6 STUDS @ 16" O.C. W/
DENSE PACKED CELLULOSE CAVITY

SN A SANA

HEMMED ROOF EDGE AND
FASCIA PER 6/A4.1

STAINED 2X CEDAR "TAILS™ AT 24" O.C.,
OVER STAINED 1/2 CEDAR FACED PLYWD
SOFFIT

SPLINED NAILBASE PANEL JOINT TYP.

INSULATION




IP HYBRID
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(S)IP Hybrid Wall

44

Performance Feature
Structural Soundness
Long Term Durability
Drying Potential
Thermal Performance

Effectiveness of Air Barrier

Durability of Air Barrier

Vapor Control

Compatibility with MEP install
Adaptability for MEP changes

Reasonable to Construct
Ease of Exterior Attachments

Water Management




Evolving Better Double Stud Walls
In Theory, This May Be “Ideal”

VAPOR RETARDER

AIR BARRIER

1/2" GWB W/ 2 COATS OF LATEX

PAINT (CLASS Il VAPOR RETARDER) SIDING OVER 24" FURRING G/

WATER RESISTIVE BARRIER OVER
1/2" FIBERBOARD SHEATHING

NON-STRUCTURAL 2X4 STUD WALL,
OR TJI, OR LARSEN TRUSS, WITH
DENSE PACKED CELLULOSE CAVITY
INSULATION

DRYING POTENTIAL

%

A
%

N

2X4 STRUCTURAL CAVITY WALL W/
R-13 DENSE PACKED CELLULOSE

7/16" OSB STRUCTURAL SHEATHING
SEALED TO CREATE AN AIR BARRIER

=
N

O

SR

DRYING POTENTIAL

B

In practice, this Ieavest much to be desired.
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Evolution of a double stud wall?

BUT ...
Complicated to build.
Hard to insulate.
Difficult to inspect.
Weather dependent.

buildingscience.com

= Areally good idea, from a building science and long-term
durability perspective.
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Concept for a Double Stud Hybrid

234 INTERIOR, o i U SIDING - /FJKMN&-
WALL W/ cAYITY <l Z 0= of WRS u/ FIRE 1RBOA KD
INSULATION —— Ha = SHEATHIN
03? PR PLYWLOD of
' coNTINUZYS
H“' D INULAT I’VN

79 STRUC TURAL
WALL w ‘,,;«WTY
INsuLATioN

“In the beginner’s mind there are many possibilities, but in the
expert’s there are few.”
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Why Should We Build This Way?
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Therefore, when we build, let us think
that we build for ever. Let it not be for
present delight, nor for present use
alone; let it be such work as our
descendants will thank us for ...

John Ruskin, The Lamp of Memory, 1885
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Wagner Zaun

ARCHITECTURE

Thank you.

17 N Lake Avenue
Duluth, MN 55802

218.733.0690

www.wagnerzaun.com
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