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High Performance Enclosures

® Water Barrier

® Air Barrier

® Thermal Barrier

® Vapor Profile (not just the designated vapor retarder)

® Finishes (UV protection)

® Commissioning & Maintenance documents




Water Barrier(s)

® Drainage plane — moving bulk water down, out, off
® Exterior claddings
® Concealed weather-resistive barrier (WRB)
® Flashings
® \What connects to what?

® Capillary breaks — managing water held in tension Iin
and between porous building materials




Alr Barrier

®* Materials —
Air Barrier Association of America (ABAA)
and ASTM E 2178 - Air permeance of .02
I/Im?2+s @ 75 Pa or less

® Tyvek - yes

Typar - yes

Drywall: yes

Concrete block: no

1-inch Type Il EPS insulation: yes
Sprayed-in-place cellulose - no

L5-inch asphalt impregnated fiberboard - no

® Assemblies - .2 1/m?+s @ 75 Pa or less

S-2Il/m2es



Thermal Barrier

® |nsulation and glazing performance in terms of all three
vehicles for heat transfer

® R (resistance to heat conduction) — 1/U (heat
conductance)

® Material, field of wall, whole assembly performance
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Vapor Profile: Assemblies
Designed to Dry — Four Steps

1. Determine vapor permeability of each
component of assembly

2. ldentify least vapor permeable
component(s)

3. Assess direction and extent of vapor drive:
Interior/exterior temperature difference,
interior/exterior relative humidities
(remember always high to low)

4. Identify/assess drying direction & potential

elp Predict



Qualities of the major protection
systems
® Systematic

® Comprehensive
® Continuous

® Best Practices

® Each system should be addressed by at least one,
preferably two, ideally three of the following:

® Design; Materials; Workmanship
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WINDOW UNIT AS
AIR BARRIER
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EXPANDING FOAM AT
WINDOW PERIMETER
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Areas of Focus for the BE Protection

Systems
Below-grade walls, Above-Grade walls, Roofs
Underlayments
Claddings
Penetrations
Margins

Transitions




The Process

® Design Details

® Specifications

® Performance—based Scopes of Work




Design Detail

INSTALL 1 1/2°
RIGID INSULATION AT
BOTH HORIZONTAL AND

ORANAGE PLANE —=)__— VERTICAL POSITIONS

NSTALL EXPANDING || [ (LEAVE 3/8° GAP FOR

FOAM SEALANT AT || f—— EXPANDIG FOAM)

INTENTIONAL GAPS || P —

AT 1 1/7ROD | [ —exsmie room

INSULATION NS | AsSemeLy—

contmwous sexn ([ |/ LA

CONTUOUS WAL - cany wsuwamon
]

a7 | P

DRIP

11/2° RGD

I

SOFFIT CLOSURE

INSULATED CANTILEVER FLOOR // CAWITY INSULATION WITH
11/2" RICID INSULATION CLOSURE

GreenBuildingAdvisor.com Seale: 1 1/27 = T-07
BBulidingGresn LLE 2008




Specification

3-0 Building =olutions, LLC
BSOS

SECTION 07210
BUILDING IMSULATION

FPART 1 - GENERAL

1.01

A,

1.02

1.03

SUMMARY
Fravide building insulation, air sealing and vapoar retarders.
SUBMITTALY

FProduct Data: Submit manufacturer's product data and installation instructions for each material
and product used.

Submit for appraval test reparts.
CUALITY ASSURANCE

Comply with governing codes and regulations. Provide products of acceptable manufacturers
which have been in satisfactory use in similar service for three years. Use experienced
installers. Deliver, handle, and store materials in accordance with manufacturer's instructions.

Insulation contractor must complete the Y% -day field training/review with a technical
representative of the Environments for Living® program

Blower door test every structure as a measure ofthe air tightness. Air leakage is not to exceed

0.25 cfm per square foot of enclosure surface area, as tested at 50 FPa i(pascals) pressure
differential.

Conduct randam Infra-red camera inspections of the building enclosure, at the discretion of Mew
Town Builders.



Scopes of Work

The

® Davenport approach: Program

® Pre— and post- Procedures a
checklists Standards

t«
“A11 h ’ Increase Quality
® “"All or nothing

® Building America
approach:

® (Critical details
integration S
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High Performance Scopes of Work

High Performance Scopes of Work

® Performance tests




High Performance Scopes of
Work

® Foundation

® Framing

® Drainage Plane
® Windows

® Air Sealing/Insulation

® HVAC
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® Alternative shear: let—in bracing, inset shear
panels, SIS

® Sills: sloped vs. backdam

® WRB: building paper, housewrap, taped sheathing,
liquid—applied

® Vented air space: spacer mesh vs. furring strips




Alternative Shear

Metal T-straps
® Simple
® Relatively inexpensive

® [imited capacity

BSC




Alternative Shear

Pre—-manufactured shear
panels

Higher capacity

Higher cost




Alternative Shear

Tensioning Rods

Plywood Facing of Panel
(not shown in its

entirety for clarity
purposes)




Alternative Shear — SIS




Sills




Weather—Resistive Barriers

® ASTM D779-94: the “boat” test: “It is

designed for use with materials that
require a relatively short time to test (up
to approximately 30 s)..”

e AATCC 127, the "hydro—head" test: 22—inch
column of water leakproof for 5 hours
(approximating a 200 mph wind—-driven rain)

® The code? “equivalent” materials—24
different test standards may apply

® Don’t use perforated or gross crosswoven
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Adding exterior insulation

® Shear across the rigid insulation
® WRB location

® Window location

® Connecting the two




BSC shear research

Fibrous cavity

insulaticn

Vapor control as —

needed

Insulation at rim —=3

joist

2x6 stud wall @ 24" o.c.
Taped and painted /"

gypsum wall board as
interior finish

Sheathing

Drainage plane and
exterior air barrier
membrane

1" to 6" of insulating
rockwool sheathing

1x3 furring strips

Lap sicing (e.g. wood,
vinyl, fioer cement)

Lapped to provide dranage ——
plane continuity; taped

for air barrier continuity
Figure 1 : Typical application of semi-rigid Roxul insulation over wood framing
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Figure 4: Hydraulic Ram with load cell and deflection gauges measuring strapping movement



X—1nsulation over water
and air barriers

Pressure-
Equalized
Rain
Screen
Insulating

Sheathing

Technique




Pressure
Equalized
Rain
Screen
Insulating
Sheathing
Technique

esy of Chris Makepeace
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The PERSIST Rules

Enclose the building in a continuous air barrier

Provide continuous support for the air (seaf) barrier against wind loads.

Ensure that the air (sea/) barrier is flexible a joints where movement may occur.

Provide continuous insulation to keep the air barrier warm and to conserve energy inthe
building. |

Keep the insulation tight to the air barrier

. Protect the insulation with a rain screen/sun screen supported out from the structure in a way

that does not penetrate the insulation with excessive heat bridges.
Provide enough open space for drainage and construction clearances between the rain screen

-~ and the insulation.

Drain the wall cavity to the outside,”



Window trim
channels
“trapping”
the SBS
membrane
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Residential Exterior Membrane Outside Insulation Technique

REMOTE Detail: With Siding

Roof sheathing

Insulation baffle

Drip edge

Gutter

2" airspace minimum

Energy Truss Roof
System

Blown cellulose
or fiberglass
r-value varies

6 mil vapor
barrier

Sealant

(Continuous bead
to seal wall V.B.

o

Fascia

Vented soffit
Rigid foam

7

(thickness &
r-value vary)

Furring attached
with screws to studs

to ceiling V.B.)
— Stud wall

P Structural
| sheathing

Self-adhering

membrane or

Siding material

-

other air/vapor
" | barrier
L ]‘\ Gypsum wall
Insulation optional: board

(Ratio of r-value inside & outside
vapor barrier varies regionally)



Alrspace width as
specified by local code

Roof sheathing

Baffle

Raised heel as specified

Self-adhering membrane
transition ower wall

Drip edge

Gutter

Fascla
Vented soffit

4-6 inch rigid foam board
{2 or 3 inch layers)

Exterior siding
of yaur choice

Structural sheathing

Energy heel truss

18 inch blown-in
cellulose, 20 inch fiberglass
insulation or as specified

Vapor and molsture
retarder

Gypsum wall board

2-2%4 tap plates
B-11 or R-13 batt insulation opticnal

Exterlor membrane

Structural sheathing
Gypsum wall board

Stud
Gypsum wall board

Furring attached into
studs with screws

4-6 Inch rlgid foam board
(2 or 3 inch layers)

Exterior siding
of your choice

Exterlor membrane

Metal flashing

R-11 or R-13 batt insulation optional

Battom plate Subfloor sheathing

R-11, B-13 batt insulation, or
high density sprayed-in foam
against rim optional

ICF foundation wall

Gravel fill for drainage

Sealant
Icontinucs bead 1a
seal vapor retarders]

Figure 1. WALL CROSS SECTION




Windows and Doors

Wall framing with optional batting insulation

Structural sheathing

Exterior membrane

46 inch rigid foam board
{2 ar 3 inch layers)

1x furring strips in line with studs,
attached with screws into framing

Exterior siding

Flexible adhesive flashing (optional)

Window top trim

3/4 inch composite jamb extension
(top at 2-5 degree slope)
Window nail flange (caulked)

Foam backer rod

Attachment with 2 inch by 2 inch

galvanized angle flashing

3/4 inch composite jamb extension

Triple pane window
Interior window sill

Bevel siding added to slope sill {optional)
Airgap foamed with expanding foam sealant (if applicable)
Foam backer rod
Approved sill lashing (If applicable)
3/4 inch composite jJamb extension
[installed before window)
Sealant
Window sill trim
Window nail flange

Mo caulking at bottom flange
for water run-off (if desired)
Exterior membrane

Figure 6. INSET WINDOW



Windows and Doors

wWall framing with optional batting insulation

Structural sheathing
Exterior membrane

4-6 inch rigid foam board
(2 or 3 inch layers)

1x furring strips in line with studs, attached with screws to framing

Exterior siding

Beveled siding added to slope top [optional)

Flexible adhesive flashing

Window nail flange (caulked)
Window exterior trim
Foam backer rod

Air gap filled with expanding foam sealant

2x framing jamb extension

Interior jamb extensions

Triple pane window

Windaow sill
Sloped sill or beveled siding {optional)

Approved sill flashing (if applicable)
Air gap filled with expanding foam sealant

Faam backer rad

Window exterior trim

Window nail flange

Mo caulking at bottom of flange
for water run-off (if desired)

2% framing sill extension

Exterior membrane

Figure 5. EXTERIOR-MOUMNTED WINDOW



Deep Energy Retrofit
Windows & Walls

. >



Brattleboro, VT

Existing Slate Roof ———__
Existing Roof Sheathing

1" XPS Rigid
Insulation
(Al Joints Taped)

1X3 Wood Strapping
1/2" “Fiberock" Interior

1" XPS Rigid Insulation ——— Sheathing

Housewrap —— 3/8" Plywood Sheathing
: 1/2" "Fiberock" Interior
Plastic Mesh Furring —— Ui & Sheathing
Pre-Primed Wood i Latex Primer and Paint
Cladding i [T ————————R-15 High Density
Latex Paint - ) Fiberglass Insulation
K
M Metal Clad Trim |
ges =)
- ~3 1/2* *High Density” e
Spray Foam Insulation L (X X!
5 4
2x2 Wood Frame 2
A 15 —Metal Lath
Metal Bracket R Plaster Interior
= =1 % Finish
= Pre-Primed Wood P, : . §
Cladding —— R ot
4 e
Latex Paint P <
X . p———
|| ¥ 2x8 Floor Joist
5 v, =
gxis:'rg S;m(aoed g K Y 2x3 Wood Stud Wall
O e ——— %
Lo \ < S . "Icynene" Spray Foam
Finish Grade Lﬁ 5 Insulation
o o - 1/2""Fiberock" Interior
B R Sheathing
% Lo __ Existing Concrete
% T 4 Foundation Wall
Closed Cell Sill Sealer
: //i Concrete Slab
P —r'_ = % 2
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3" CLOSED CELL SPRAY
‘ POLYURETHANE  FOAM

2x2 NOMINAL WOOD

B FRAME MECHAINCALLY
M FASTENED TO EXISTING
WALL FRAMING

—— = RUBBER MEMBRANE

L L™
. T G| e
S Ome r \/ 1 1 1 e M A EXISTING SINGLE GLAZED
) WOOD WINDOW TO RENAN
NEW DOUBLE GLAZED
LOW E WINDOW UNT

A

EXISTING SINGLE GLAZED
WOOD WINDOW TO REMAN

NEW DOUBLE GLAZED
LOW ~E WINDOW  UNIT

- —H—— 3" THK ¥PS FOAM
. SPACER BLOCKS

EXISTING WALL FRAMING
AND SIDING TO REMAN




—

SPACER BLOCKS

3" CLOSED CELL SPRAY
‘ POLYURETHANE FOAM

« 2x2 NOMINAL WOOD

i ] FRAME MECHAINCALLY
= FASTENED TO EXISTING
[ WALL FRAMING

RUBBER MEMBRANE
FLASHING

V L]
%/ 3" THICK XPS FOAM

— EXISTING SINGLE  GLAZED
WOOD WINDOW TO REMAN










Green Green Product Strategies
Home Basics Blogs Homes Guide & Details Q&A

Energy Audit, Energy Star Infrared Scan, Blower Door Testing Residential & (
Fluke® Infrared Cameras Make Building Diagnostics Easy & Efficient. Geta F
Get SPF Roofing Now Insulated Roofing Contractors Since 1973 - Largest SP

Video: Spray Foam Blankets a 100-Year-Old House

View What links here Edit Outline




Green Green Product Strategies
Home Basics Blogs Homes Guide & Details Q&A

New England Dry Concrete Waterproof Admix & Repair Systems Residential

Basement Waterproofing Guaranteed Basement Waterproofing Solutions to

Energy Audit. Energy Star Infrared Scan, Blower Door Testing Residential &

Video: Deep- Energy Retrofit, Portland, Oregon

View What links here Edit Qutline rRevisions
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USE A GUT REHAB AS AN OPPORTUNITY TO RECONFIGURE EXTERIOR WATER
MANAGEMENT AND REINFORCE YOUR FOUNDATION

Undo years of moisture damage and give new life to your foundation
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Installing a Window in an Exterior Insulated R40 Wall
BuildingGeek 14 videos |~  Subscribe

1x6 corner 2" palyisocyanurate (slagger joints)
boards _
assembled 1'/," polyisocyanurate (stagger joints)

pnor 1o

€" screws attach 1x3 strapping
attachment

lurring 10 stud
Builder’s tape at joints
» (honzomail and vertical)

e

," OSB sheathing 2 layers of 2° polyiso-
al cormnars cyanurate at held of wall

1x4 strapping at comers

« Stud bay nsulanon omtteo for clarity

» Drainage plane is taped extenor of foll
faced polyisocyanurate foam

« Offset joints in layers of polyisocyanurate
Insulation by 2’ (stud spacing)

1:~ Like & <4 Addto ¥ Share Embed < 27!920



The role of monitoring In
remodeling

Trim screw cladding removal Sustained adhesion




The role of monitoring In
remodeling




Summary

Three continuous, comprehensive barriers:
bulk water, air, thermal

Design for drying (vapor profile)

Weatherlap everything, back up adhesives with
mechanical fastening

Lots of considerations for WRB & window location
— just be sure to connect them

No single way to skin the cat, mock up everything




BuildingGreen, Inc.

e Founded in 1985

e Based in
Brattleboro,
Vermont

e 20 employees

« Supported by
subscriptions, book
sales, online
memberships

« Does not carry
advertising

BuildingGreen offices in the old Estey Organ Factory,
Brattleboro




“Regular” Best Practice

I~ VERIFY ROUGH
OPENING PRIOR
TOWINDOW
INSTALLATION

__—
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“Regular” Best Practice

112'x FULL WIDTH

SILLDAM
k S

6" MIN BUILDING PAPER STRIP
-MECHANICALLY FASTENED
ALONG TOP EDGE

EXTENDMING'

FLANGED WINDOW INSTALLATION // WATER MANAGED // FLANGED WINDOW INSTALLATION // WATER MANAGED // ||

6_00 1 23 BUILDING PAPER // STEP 4
Scale:  112'= 10" GreenBuildingAdvisor.com

© BuildingGreen LLC 2008

Scale:  112'=1+0"




“Regular” Best Practice

PAPER

INSTALL SELF ADHERED
MEMBRANE FLASHING AT
SILL-LAP BUILDING

J

6" MINBUILDING PAPER
STRIP- MECHANICALLY
FASTENED ALONG OPENING
-EXTENDMIN G

OW INSTALLATION // WATER MANAGED //

00125

FLANGED WINDOW INSTALLATION // WATER MANAGED //
BUILDING PAPER // STEP 6

GreenBuildingAdvisor.com

© BuildingGreen LLC 2008

Scale:  12'=14"




“Regular” Best Practice

CONTINUOUS BEAD OF

SEALANT AT JAMBS
AND HEAD

INSTALL WINDOW - LEVEL,
SQUARE, AND PLUMB

FLANGED WINDOW INSTALLATION // WATER MANAGED //
UILDING PAPER /| STEP 7

ildingAdvisor.com Sl (=14

)Green LLC 2008

00127

FLANGED WINDOW INSTALLATION // WATER MANAGED //
BUILDING PAPER // STEP 8

GreenBuildingAdvisor.com

BuildingGreen LLC 2008

Scale: 1/2"=1'-0"




“Regular” Best Practice

— INSTALL SELF ADHERED MENBRANE

—— FLASHING AT HEAD - LAP JAMB
—7/;1! FLASHING - EXTEND MIN 2"

-
_|
=

INSTALL SELF ADHERED
MEMBRANE FLASHING AT
JAMB FLANGES - EXTEND g
MIN4' QVER SILL
FLASHING

FLANGED WINDOW INSTALLATION // WATER MANAGED //

6 001 29 BUILDING PAPER /I STEP 10
- . . .
Sl 210" GreenB\f;I:i_llr.co N




“Regular” Best Practice

=

INSTALL BUILDING PAPER
LAPPREVIOUS COURSE
MN4'

INSTALL FIRST COURSE OF
BUILDING PAPER - TUCK UNDER
BUILDING PAPERAT SILL
-MNg

FLANGED WINDOW INSTALLATION // WATER MANAGED // FLANGED WINDOW INSTALLATION // WATER MANAGED //

6 001 31 BUILDING PAPER // STEP 12
ingAdvisor.com Sedle: 12214 » GreenBuildingAdvisor.com Sedler {21

© BuildingGreen LLC 2008




“Regular” Best Practice

INSTALL BUILDING PAPER B,
LAP PREVIOUS COURSE lL':\SPTéFL{LE\%IlngSINC%EagER

g T ——
_TELJ_J —

FLANGED WINDOW INSTALLATION // WATER MANAGED // FLANGED WINDOW INSTALLATION // WATER MANAGED //

(G PAPER /| STEP 13 6 00133 BUILDING PAPER // STEP 14
ildi i . Seale: 12'= 14" ~ GreenBuiIdingAdvisor.com Seale: 12"z 14"

© BuildingGreen LLC 2008




Window
first?
Rough
opening?

Fold Head
Flap Down
Over Head
Flange And
Tape Miter
Cut In
Building
Paper

Install Self
Adhered

Head Flashing
Over Head
Flange Of
Window And
Over Jamb
Flashing

Install Self
Adhered Jamb
Flashing Over
Jamb Flanges
And Extend
Min 1" Beyond
Sill Flashing ——

Install Window
Level, Plumb,
And Square

FOLD DOWN

X\J

—

I |

!

AFTER WINDOW
BEFORE WINDOW

Typical
Wall Panel

Y+ Miter Cut Corner

Of Building Paper
And Fold Head Flap
Up For Window
Installation

/“ Continuous Bead
Of Sealant At

Jambs And Head
Prior To Window
Installation

— Building Paper

Folded Into
Rough Opening

— Sill Back Dam

(min 1/2"h x 1 1/2" w)
Full Width Of
Rough Opening

Self Adhered

Sill Flashing
Turned Up Jambs
Min 6" - Fully
Cover Sill Dam



Best Practices, cont’d

® Water—manage both RO and unit installation
® WRB goes up first, typically

® Weatherlap everything

® Mechanically support adhesives




l. 5—1inch exterior rigid —
sill

“t LOW-E WINDOW UNIT |
240 WOOD BLOCKING LOWE WDON UNT
PERINETER OF ROUGH OPNG
—— EXPANDING FOAM —
i SEALANT 77 SEALANT
iyt ===\ T 1/72" BACK DAM S = R 112'x2" BACK DAM
@ CONINUOUS BERD OF i L
SEALANT = SEALANT
= Y
SELF ADHERED MENBRANE 5 SELFADHERED MEVERANE
FLASHING FLASHIG
WOOD LAP SDING WOODLAPSONG
VENTED ARSPACE VENTEDARSPACE
11/2” RIGID INSULATION 1117 AGD NSUATON
246 00D FRAVE 26WOODFRAIE

+—1/2" GYPSUM BOARD T— 12" GYPSUMBOARD

NDOW SILL // NAILING FLéNGE // 2x2 WOOD BLOCKING // WINDOW SILL // NAILING FLANGE //
P SIDING // 1 1/2” RIGID INSULATION WOOD LAP SIDING // 1 1/2" RIGID INSULATION

Advisor.com Sl & = i7=F
2008

GreenBuildingAdvisor.com

© BuildingGreen LLC 2008




1. 5—1inch exterior

jamb

CONTINUOUS BEAD OF
SEALANT

112" GYPSUM BOARD
N 26 WOOD FRAME

O EXPANDING FOAM
SEALANT

22 WOOD BLOCKING
PERIMETER OF ROUGH OPENING

SELF-ADHERED MEMBRANE
FLASHING

|

i

I

i

| 11/2"RIGID INSULATION
m % [ o ———

N VENTEDARSPACE

WOOD LAP SIDING

112" WOOD FURRING 24" 0C
SELF-ADHERED FLASHING
LOW-E WINDOW UNIT

JAMB // NAILING FLANGE // 2x2 WOOD BLOCKING //

12 RIGID NSULATION 3 00202
. -
Scaler 3'=14"

rigi

-

=
1T

Y

CONTINUOUS BEAD OF

SEALANT

112" GYPSUM BOARD

26 WOOD FRAME

EXPANDING FOAM
EALANT

SELF-ADHERED MEMBRANE
FLASHING

11/2"RIGID INSULATION

—— VENTEDAIRSPACE

WOOD LAP SIDING

112'x REQUIRED WOOD FURRING 24" 0C
SELF-ADHERED FLASHING
LOW-E WINDOW UNIT

WINDOW JAMB // NAILING FLANGE //
WOOD LAP SIDING // 1 1/2" RIGID INSULATION

GreenBuildingAdvisor.com

© BuildingGreen LLC 2008
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l. 5—1inch exterior rigid —

TN
]

NS= |

VENTED AIRSPACE

246 WOOD FRAME
112" GYPSUM BOARD

14/2'RIGID INSULATION
SELF-ADHERED MEMBRANE
FLASHING

SELF-ADHERED FLASHING
CONTINUOUS BEAD OF
SEALANT

22 WOOD BLOCKING
PERIMETER OF ROUGH OPENING

EXPANDING FOAM
SEALANT

METAL CAP FLASHING (OPTIONAL)
LOW-E WINDOW UNIT

head

WOOD LAP SIDING

~

VENTEDAIRSPACE

246 WOOD FRAME

T 112" GYPSUM BOARD

1112" RIGID INSULATION

SELF-ADHERED MEMBRANE
FLASHING

SELF-ADHERED FLASHING

CONTINUOUS BEAD OF
SEALANT

EXPANDING FOAM
SEALANT

METAL CAP FLASHING (OPTIONAL)

LOW-E WINDOW UNIT

WINDOW HEAD // NAILING FLANGE // 2x2 WOOD BLOCKING //

LAP SIDING // 1 1/2" RIGID INSULATION

dvisor.com

Scale:

yepg

WINDOW HEAD // NAILING FLANGE //
WOOD LAP SIDING // 1 1/2" RIGID INSULATION

30203

GreenBuildingAdvisor.com

© BuildingGreen LLC 2008




