If These Walls Could Talk

Rachel Wagner
Wagner Zaun Architecture

Duluth Energy Design Conference
20 February 2018

1



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 code /1
hour energy continuing education
requirements.”

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



Learning Objectives

. Define a high performance wall.

. Consider the “control layers”. managing moisture, air,
and heat.

. Identifying and managing risk in wall assemblies.

. Understand that there isn’t a “one size fits all solution”:
different conditions require critical thinking and a suite
of solutions.

. Identify appropriate solutions for new construction.
. Identify appropriate solutions for retrofits.

. Let your walls talk: monitoring, learning, sharing data.
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Walls are Inherently Complicated

¥ * They connect to
foundation, floor, and
roof.

| * We cutholes in them.

N . We attach things to the
outside of them.

« We attach things to the
inside of them.

 They may contain MEP
systems.




What Makes a High Performance Wall

1. Provides structure.
. Keeps the elements out.

. Helps maintain indoor comfort.

. Able to be repaired without reducing quality.

2
3
4. Durable.
5
6. Functions in a variety of conditions.
7

. Can “reasonably and affordably” be built.
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Consider The Control Layers

» Water Control Layer
 Manages bulk water

» Vapor Control Layer
 Manages water vapor

» Air Control Layer(s)

 Manages air leakage, both interior and exterior

* Thermal Control Layer
 Manages heat loss and heat gain

Not surprisingly, these things often work together.
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Water Control Layer

Photo from wbdg.org

v' Waterproof protection
close to grade

v' A drainage gap between
siding and sheathing

v A defined drainage plane

v A water resistive barrier
(WRB)

v Flashing at windows,
doors, sills of all kind

v A strategy for drying
when the wall gets wet



Managing Water Vapor

A vapor “barrier” is not as
important as an air barrier.

A vapor retarder is needed In
most assemblies, but the level
depends on the likelihood of
condensation occurring.

INTERSTITIAL
CONDENSATION Q,

COLD OUTSIDE ‘ ﬂ
—~

WARM INSIDE

Wwarm, meist interlor alr

Molsture forms on || .:: ' A
exterior sheathing \\ escapes through Improperly

where it can freeze | Ay ¥ sealed penetrations and
ana/or accumulate 1 \ B condenses Insige the wall
| cawity.

AIR LEAKAGE

Concealed condensation can occur in any parn
of the buliging enclosure where Interior air can
leak outward within a cavity and contact a
surface below Its dewpoint temperature

Image from wbdg.org

% If it can’t condense, it’s
not really a problem.

% If it can condense, give it
a path to dry by diffusion
or evaporation

% Water vapor can impact
the assembly from the
outside or the inside.
Know where/when/how
the assembly is
vulnerable.



Moisture Management

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

Assemblies 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 Control Layer

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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Thermal Control Layer

In a high performance wall, the thermal control layer helps maintain
indoor comfort as well as the durability of the structure.
Thermal control layers can be inside, outside, or both.
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Thermal Bridges, or When an
R-21Wall Isn't R-21

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.

2 X 6 studs at 16” O.C. with R-21
batts as cavity insulation: Actual wall

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

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!

Image from Dryvit Systems
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Risk Management

If you don’t manage bulk water you can damage the
entire assembly, as well as affect indoor environmental

quality.

If you don’t manage water vapor you can damage the
assembly, as well as affect indoor environmental quality.

If you don’t manage air, you can end up with moisture
transport, which can damage the assembly.

Air leakage can also reduce the effectiveness of
iInsulation.

Thermal bridges reduce the effectiveness of insulation
and can create cold spots where condensation may form.
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What's the Best \Wall?

. (Good) flashing details.

. A continuous, durable (rigid) connected
air barrier.

. Minimal thermal bridging.
. Vapor control.

. The assembly can connect to everything
else without compromising the above list.
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New Construction
No “One Size Fits All”

18° BLOWN-IN CELLULOSE
INSULATION, TYP. (R-63)

5/8° GWB O/ 6 MIL. POLY. AIR:
BARRIER/VAPOR RETARDER AT CLC.

CWE PAINTED W/ LATEX PAINT

(CLASS 11l VAPOR RETARDER)

2x6 STUDS @ 16° 0.C. W/
R-21 MIN. CAVITY INSULATION

18
#4 DOWELS @ 16" 0.C. (TYP) 12",

4% SLAB R/W 6X6 WWM, O/ 4" XPS
INSULATION, O/ 6 MIL POLY VB, O/
4" MIN. COMPACTED COARSE
AGGREGATE (NOT SAND), O/
UNDISTURBED SOILS OR COMPACTED
ENGINEERED FILL TYP., SEE SPEC

NOTE THE PLYWOOD
SHEATHING IS THE PRIMARY
AIR BARRIER FOR THE WALL
ASSEMBLY, T SHALL BT
CONTINUOSLY SEALED AT
ALL JOINTS, EDCES, ANO
PENETRATIONS,

P SIDING O/ 1x4 FURRING
STRIPS PER LP TECHNICAL NOTE
NO_01& O/ WRS O/ 4* MINERAL
WOOL INSULATION (R-16)

4" RICID MINERAL WOOL
INSULATION (R-16)

12" PLYWOOD SHEATHING

FASTENED TO 2x6 FRAMING; ALL
SEAMS CAULKED AND TAZED

1/2" 5.5 ANCHOR BOLTS @ 48"
O.C. W/ 7" MIN. EMBEDMENT INTO
SLAB/FDN.

NOTE: ALICN FACE OF
PLYWOOD SHEATHING W/
FACE OF CONCRETE

AT HOUSE

STUCCO FINISH OVER RGID

INSULATION TO 6" BELOW CRADE, TYP.

TOPSOIL, SLOPED TO DRAIN

Single Stud Wall+ Continuous Insulation

15
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Single Stud Wall + Continuous
Insulation (c.1.)

:
:
§

AIR BARRIER

1/2" GWB W/ 2 COATS OF LATEX ; 5 PANEL AND BATTEN SIDING OVER
PAINT (CLASS lll VAPOR RETARDER) ; | 3/4" FURRING OVER WRB (15#

; ; BUILDING PAPER) OVER NAILBASE
2X4 STRUCTURAL CAVITY WALL W/ . ; : PANEL (7/16" OSB BONDED TO
R-13 DENSE PACKED CELLULOSE : : 7-1/4" EPS) OVER 7/16" OSB

' i STRUCTURAL SHEATHING SEALED
TO CREATE AN AIR BARRIER

DRYING POTENTIAL
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Theory vs Practice
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Is this the “Perfect Wall?”
After structural sheathing, often two more times around the house for insulation.
Long screws must fasten into framing. Exterior elements need blocking.

In practice, this wall system is best for simple building forms.
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Planning for Durable Exterior Elements

|“"r’-—" ‘/
FLASHING

Al

METAL
FLASHING

[REATED 2x8 LEPEER-
J(2) V2" x 0 THROUGH
[ FASTE MBI

|6+ &' WIDE SoLIP
Bl d\N&, FASTENED w/
S SDS Woo D SCRENS

L
“

CAP SIDING w/ FIETAL
DR{P -EDEE FLASHING

SELF -ADHEEI NG VAPS) £
FLASHI! NT. BEHINEG
LEDPGEE , LAFPED WIR B
/4" MINERAL WoslL




Water Management

TYP SIDING
FURRING

HEADER, SEE STRUCT : T WATER RESISTANT BARRIER
1 LAPPED OVER NAILING FIN
AND HEAD FLASHING

3/4" PLYWOOD "BOX" \ -~ HEAD TRIM FLASHING
CAULK HERE
— HOUSEWRAP TAPE

CASING, INSTALLED ! : f
“PICTURE FRAME" STYLE E~— TRIM

N— NO SEALANT
1X INTERIOR JAMB /
EXTENSION wsd HEAD FLASHING
CAULK > \ - WINDOW UNIT
FOAM SEALANT

WHITE IRON HEAD DETAIL

OS8 SHEATHING AS AIR BARRIER W/ EXTERIOR FOAM INSULATION

Order of assembly can vary
Blocking above for balcony ledger

Planning ahead for WRB installation
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Single Stud Wall + C.1.
Variation: Mineral Wool

TYPICAL LAP SIDING

WRB O/ RIGID MINERAL WOOL
INSULATION, TAPED AT
BOTTOM OVER DRIP EDGE
STARTER STRIP

METAL TRIM FLASHING

1x6 TRIM

COR-A-VENT OR INSECT SCREEN @ - TYP. BASE
BOTTOM (AND TOP) OF FURRING

PEEL & STICK FLASHING - —WOOD FLOOR
FROM FACE OF PLYWOOD - |

OVER FON. INSULATION ———————

3
i
it
3
e
']

METAL DRIP EDGE

D

TYP. STUCCO
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Single Stud Wall + C.1.
Variation: Nail base

VENTED METAL SOFFIT OVER 2X6
RAFTER TALS TY?
JFCHANNEL TO RECEIVE SIDING

TRUSS SEARING / Al L {7 WS OVER SEALED 6-MIL POLY

. - VAFOR RETARDER/ AN BARUEN

DOURLE TOP PLATE TYP, BUT SINGLE
PLATE AT SOUTH WINOOWS DUE TO
POLY AIR BARRER AT CEILING SMALL 8¢ —— e MLADER $21
CONNECTED TO WALL SHEATHING /AIR - ~ X5 INSULATION AT HEADERS
BARLIR BY SEAUNG POLY TO TOP PLATL .. SEE PLAN FOR HEADER SIZING (MAY
SEALING ALL PENETRATIONS IN PLATE, AND REQUIRE A SINGLE TOP RLATE OVER
SEALING EXTERIOR SHEATING TO PLATE TYP MIADERS. VIREY)
ALL EXTERIOR WALLS

1081 /K

SINPSON H2.SA TRUSS CLPS TY

p LATEX PAINT OVER ¥
WINDOW DITALS PIR A4 ) d INta @ 16" 0.C W/ DN

CORRUCATED METAL SIONG
BULDING PAPER, OVIR 4" NALBAST PA
(R:15), OVER §" SEALED PLYWOOD
SHIATHS AR BAREKER MR P10 AND NOTES OWVER (2) 3° LAYIRS OF 175 (R-24),
; WITH SEAMS STAGCERED, OVER
TYP. ANCHOR BOLTS & 48° O.C. MAX y SEALED 6-MRL POLYETHYLENE VAFOR
W/ TREIATED 2X PLATE SEALID TO LA . : L GAS RETARDER

METAL PANEL CHANNEL AND Diur |
PER ENLARCED
CO TO &7 BELOW CRALE TYP.

TOP SO OVER BACK FLL. CRADE
VARES, SEE SITE PLAN DETAL F

OF CONPACTED CRUSHED CRAVEL
ER CONP, SAND FiLL

CE AND WATER SHELD FROM STUCCO, $ " CORE ICF (R21) /W a4

JOWN ONTO PLYWOO BARS VIRT. @ 0.C AND

7 MIN. TREATED PLYWOO J HORZ. # 16" 0C

FEBARS B 327 0C

"""‘"'""“"‘"’—’:”‘—‘:T"—"_"_::" "

‘/ LAYIRS OF 1-1/2° v
(R15 TOTAL) WITH SEAMS
STACCARID

/ / CAMLLARY BRIAC BETWLIN
CONPACTED GRAVEL o FTC. AND FOUNDATION WALL
TY?,, OR USE S000 PS5 CONC

CONT. CONCRETE FOOTING WY ( FOR FOOTING

#5 BARS CONT
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Nailbase panels solve some things

——— 1X8 VERTICAL SQUARE EDGED T&G
WOOD SIDING, STAINED, O/ HORIZ.
COR-A-VENT SV-3 (7/167) FURRING @ 24"
0.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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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 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
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
Insulated sheathing with R-value >= 10 over 2x4 wall
Insulated sheathing with R-value >= 15 over 2x6 wall




2 x 6 wall with 17 rigid insulation?

If you don't use enough continuous insulation to keep the
sheathing above the dew point..

Adapt/Adjust your strategy to minimize risk!
« Don’t’ Use OSB sheathing
AND

* Include 1/4” minimum gap behind siding, to aid drying.

« Use cavity insulation that is not vapor or air permeable.
OR

« Use vapor permeable continuous insulation AND put
an air barrier and Class Il vapor retarder on the warm

side, preferably a “smart” vapor retarder.
24



Single Stud + c.i.: Pros and Cons

PROS CONS

% ldeal air and vapor control % More expensive

® Integrates well with % Difficult transitions with
foundation insulation complex building form

% Easier MEP retrofit % Long screw attachment

% Least thermal bridging % Blocking for decks, etc

® Probably most durable air % Harder to integrate good
barrier and vapor retarder water management

% Also good for retrofits % Layers of exterior

assembly, harder in winter

25



Double Stud Walls

1/2" GWB O/ POLYAMIDE VAPOR RETARDER
DENSE PACK CELLULOSE CAVITY INSULATION

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

WOOD FRAMED DOUBLE STUD WALL
WITH 2X4 INTERIOR AND EXTERIOR

WALLS
DRYING POTENTIAL

o
L
o
<
&
o
o
s

AIR BARRIER

SIDING OVER 3/4" FURRING O/
WATER RESISTIVE BARRIER OVER
PLYWOOD SHEATHING WITH ALL
SEAMS SEALED TO SERVE AS AN AIR
BARRIER

MINIMAL DRYING POTENTIAL
(BETTER WITH PLYWOQOD)

Thermal bridging addressed with the gap between framed walls
Colder sheathing means that an interior vapor retarder is needed
We now seal the exterior sheathing as our air barrier, always.
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Double Stud WaIIs

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

= Exterior attachments and drainage plane are straightforward.
27



AIR BARRIER
VAPOR RETARDER

SEAL CEILING POLY TO
PLYWOOD PLATE WITH
ACOUSTICAL SEALANT

SINCLE OR DOUBLE
PLATE AT INTERIOR
NON BEARING WALL

LIQUID APPLIED VAPOR
BARRIER ACROSS BLOCK
AND INSULATION

SEALANT

Connecting the Air Barrier

" PLYWOOD TOP
PLATE/DRAFT STOPPING/
AIR BARRIER, W/ ALL
SEAMS AND JOINTS
CAULKED

SEAL WALL SHEATHING
TO PLYWOOD PLATE
DURING INSTALLATION
TYP.

DOUBLE TOP PLATES
TYF. @ BEARING WALL

SEALANT

SEAL SHEATHING TO SILL
PLATE DURING SHEATHING
INSTALLATION TYP.

. DRIP EDGE LAPPED BEHIND
WRR, EXTENDED
HORIZONTALLY TO ENCLOSE
SIDING CORRUGATIONS

s - WATERPROOFING STARTS
BELOW GRADE



Familiar Exterior Order of Assembly

Straightforward integration of water management details and air barrier.




Considerations:
Durability of air barrier, future modifications
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Variation: Double Stud Hybrid

——BIPING ¢/ FURRING 7P~

AR —— HH\

= S HY - . DRAINAGE GRP o/ WRE
i/isl?irjfl‘# L . —<PLYWOOD R FIBERBOARD
INSULATION — ) ~_ A STRUCTURAL SHEATH ING~
The" 0SB o 4 : —~2% b STIUCTURAL WALL d

PLYW2OD w/ALL. ) w/R=Z] CAYITY |NSULATO
Enb . »

BLANE SBALED ") ~2" CONTINUOUS MN&D
FASTRNED T© ‘ H~ INSULATION LAYER.

Zh b WALL = . . (MiH. R 9)

PRTING POTENTIAL <~ SPRYIN & POTENTIAL

Gets the air barrier inside the
wall to reduce the risks
associated with cold
sheathing.
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Double Stud Wall: Pros and cons

PROS CONS
® Most similar to “standard” % Cold exterior sheathing
construction
% Requires Class Il interior
% Easy siding attachment vapor retarder
® Structure and sheathing % Harder to integrate with
readily accessible for foundation insulation

exterior attachment
% Building gets smaller

% Easier water management

% Harder MEP retrofit
% Easier winter construction

% Rarely appropriate for
® Less expensive retrofits

Ky



Retrofits are Special
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What looks good on paper ...

VENTED METAL SOFFIT

CEDAR LAP SIDING W/ 4°
EXPOSURE O/ 1x3 FURRING
STRIPS O/ WRE O/ 4" MINERAL
WOOL INSULATION

NOTE: THE PLYWOOD SHEATHING IS THE
PRIMARY AJR BARRIER FOR THE WALL
ASSEMBLY. IT SHALL BE CONTINUOSLY
SEALED AT ALL JOINTS, EDGES, AND
PENETRATIONS.

TAPE JOINTS OF EXISTING
PLYWOOD SHEATHING

PATCH, PAINT EXISTING
STUCCO FINSH b
EXISTING 12" CONCRETE

BLOCK FOUNDATION WALL ﬂ

¥( XISTING GW8

NOTE: WHERE CONDITION OF

" EXISTING SHEATHING OR
INTERIOR SHEETROCK REQUIRES

REPLACEMENT, FILL CAVITIES

WITH BATT INSULATION

/—ixmmc 2x4 FRAMED WALL

2" MIN. EXPANDING SPRAY
FOAM INSULATION AT RIM AREA

\—Nm /8" GWB CEILING, PAINTED

EXISTING 2x8 FLOOR FRAMING

| ——————2" OF RIGID INSULATION

INSTALLED OVER EXISTING OMU
WALL - SEE 1/A1.2 FOR LOCATIONS

12 cws, PAWTED

Housewrap with all seams shingle

with edges 1led
g wall sheathing to

ater control and air

control layer

OR

Fully-adhered ar and water contro

membrane

f 1o
d verscally from
\ outermost layer to be
ed polyisocynurate, XPS or
EPS Type Il and at least 1” thick
inner layers may be polyisocynurate
XPS or EPS Type Il

vertical wood furmng stnp
ned through insulation back
to wall structure with long corro:
ant extenor wood screws

Siding attached to the vertical
furnng sinps

Minimum tota

installed R-value
. per chimate zone ,

Min. %
of tola:
H-value

per
chmate

o0ne

: Gray tone indicates
existing components

Exasting exterior wall

sheathing

Exasting or new cawly
insulaho




Assessing Risk

&

&
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|dentify the assemblies.

When existing walls have
polyethylene on the
interior, the drying has to
be to the exterior.

Analyze water
management.

Plan new assemblies with
iIdentification of
management plan for
water, air, and thermal
control.



Vapor open integrated retrofit

\ N
“ N

» Self-adhering vapor permeable
continuous air barrier covered
by EPS c.i. and tar paper



Optlons Deflnlng the Air Barrier

37

Existing plywood sheathing
used as the air barrier
Sealed with a combination
of tapes, liquid applied air
barrier and expanding
foam; separate WRB
added later

Self-adhering
membrane, vapor open,
as air barrier and
drainage plane, can be
iIntegrated with flashing
details



Retrofit + Addition: more complicated

New plywood sheathing
used as the air barrier
Sealed with a combination
of tapes, caulk and
expanding foam.

AND

Self-adhering
membrane, vapor open,
as air barrier over
existing fioerboard
sheathing, lapped over
waterproof membrane at
rim/foundation.

. Bt 3 Af‘ .
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Sealed rigid insulation as the Air Barrier
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Multiple sheathing conditions. Self-adhering sheet might have worked.
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Water Management and Durability:

40
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Ask Your Walls These Questions

. Where will water originate?

. Where will water go?

. How will a wet wall dry?

. How wiill air try to get through?
. How will air stop getting through?
. Where are the thermal weak points?

. Will the assembly be fragile if someone

adds a light fixture later?
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Current Takeaways

. The "Perfect wall” doesn't exist.
. Thermal bridges matter.
. Mineral wool is promising, but it ain’t cheap.

. Double stud walls usually cost less than

single stud with continuous insulation.

. Exterior continuous insulation is probably

the “better wall” in theory.

. In theory and in practice, managing risk

matters the most.
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Maybe these walls can talk
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If we listen, we can avoid the photo on the left, and achieve
the photo on the right.
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Resources

Best Practices Manual- An online guide from a
high performance construction company:

 hammerandhand.com/best-practices/manual/

Current Research and Publications from the
Building Science Corporation:

* buildingscience.com

RDH Building Science Laboratories

» buildingsciencelabs.com/technical-library

Image from hammerandhand.com

Green Building Advisor

« greenbuildingadvisor.com

Whole Building Design Guide
« whbdg.org
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WagnerZaun 17 tLake Avenue i

ARCHITECTURE  Duluth, MN 55802
218.733.0690

www.wagnerzaun.com
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