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Goal

“provide Canadian Architects with the
knowledge and new design solutions required
to design energy-efficient building enclosures
(roofs, walls, foundations, windows and doors)
appropriate for net-zero energy buildings. ”

This means 70-90% reductions in energy use

Perhaps half of this can be achieved by
enclosure, half by mechanicals

500

Actual Energy Consumption of Canadian Commerical and Institutional Buildings

Total Energy Intensity (kWh/m?/yr) during 1999-2000
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Enclosures in Context

Enclosures reduce space heating/cooling

— and help with lighting, ventilation

We still need energy for other things

— Lights, appliances, computers, elevators, etc
Only sensible to provide some HVAC

Hence, good mechanicals and renewables will
also be needed for net zero

Great enclosures reduce demand and hrs of
operation

© buildingscience.com
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Climate matters Other things use energy

* Beware architecture magazines | e s
KWhe/m?/year 2 KWhr/m?/year

Seattle-C Phoenix-C Miami-C MD40SQ-C
4-storey, square floor plate

152 192 Y. q P
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Seattle-A Phoenix-A Miami-A Q KWhr/m?/ year KWhe/m?/year

12 168 similar to above, except:
KWhe/m?/year KWhe/m?/year

Enclosure “A-Exemplary”
19% SKIN

81% INTERNAL

From: Ross. B Design wit Energy it
AEATEN. Thoun, Uriversd of Watercs. 2009,

57% INTERNAL

Feb Mar e Moy Jn M4 A Sap Ot v O

61% INTERNAL

www.BuildingScience.com www.BuildingScience.com

Top Ten List

Commercial and institutional mid-size buildings, Canadian climates

¢ Limit window-to-wall ratio (WWR) to the range of 20-40%, 50% with ultra-
performance windows

* Increase window performance (lowest U-value affordable in cold climates,
including frame effects)

¢ Increase wall/roof insulation (esp. by controlling thermal bridging) and
airtighten

* Separate ventilation air supply from heating and cooling.

* Use occupancy and daylighting controls for lights and equipment

* Reduce equipment/plug & lighting power densities

« Don’t over ventilate, use heat recovery & demand controlled ventilation
* Improve boiler and chiller efficiency & recover waste heat (eg IT rooms!)

* Use variable speed controls for all large pumps and fans and implement
low temperature hydronic heating and cooling where appropriate.

¢ Use a simple and compact building form, oriented to the sun, with a depth
that allows daylight harvesting.

wiww.BuildingScience.com
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What is outside like where are you building?

- S

Rainfall

Buildings: Why do we Build?

Climate Zone

Subarctic/Arctic,

* To keep the wind, sun, rain, snow, heat, cold,
dust, bugs, animals, and nasty people outside.
* But we let in some things

— Nice people, pets, sunshine, daylight, clean air,
clean water, supplies

* And let some things out
— Views, polluted water and air

www.BuildingScience.cc Building e 2008
ww.BuildingScience.com Building Science 200! Enclosures No. 10 /

The Enclosure: An Environmental

Canada:
Separator
significant heating * The part of the building that physically
especially separates the interior and exterior
Prairies and .
North environments.

* Includes all of the parts that make up the wall,
window, roof, floor, caulked joint etc.

* Sometimes, interior partitions also are
environmental separators (pools, rinks, etc.)

HDD 18C

www.BuildingScience.com

Building Science 2008 Enclosures No. 12/
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Climate Load Modification Size: Surface Area to Floor Area

* Building & Site (overhangs, trees...) * Size matters 10- 12’ storeys
— Creates microclimate
* Building Enclosure (walls, windows, roof...) 1~ 12/ storey (mall) o S 000

. FA: 100 x 250 = 25000
— Separates climates SA: - 33400

FA: 120 x120 = 144000

— Passive modification

* Building Environmental Systems (HVAC...) The higher the ratio, the more
_ Use energy to change climate 1- 10’ storey (house) enclosure design & climate impact

performance
. o . FA: 30x 50 = 1500
— Active modification SA: = 3100
Ratio 2:1

Ratio 1.5:1 Ratio 0.5:1

* Fewer resources

Sma”, CompaCt FOrm - Lessheatloss and gain

Form &
Massing

* Keep it simple

* Cheaper, easier, faster
¢ Fewer ‘
— thermal bridges, air leaks
— Material volumes

— construction challenges

Oct/Nov 2010 © buildingscience.com 4 of 33



Royal Architectural Institute of Canada

High Performance Enclosures
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Building Shape

« Alphabet Soup

Straube

Large Buildings

Many buildings with
large cores require
cooling in winter
while heating the
perimeter

Oct/Nov 2010

]
RAS

R

N

l Core / Perimeter

sPerimeter Zone
-perfnn'nanoe
dominated by climate and
enclosure

«Core Zone

sdominated by interior use,

Climate/enclosure almost
irrelevant
*|n most occupancies, core
needs cooling ond lighting all
year long, all day

© buildingscience.com
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Skin Dominated Building

opportunities
= Termed "Skin Dominated”
*Demands good building enclosure

sPerimeter Zone over most of building area
sExcellent daylighting and cross ventilation

Expanded Plans

= Better daylight, easier ventilation but mare
enclosure heat loss and gain and air leaks

Skin dominated

Oct/Nov 2010

Grouping buildings

* Grouping units reduces heat loss/gain through
shared walls

* Reduces resource use per unit

© buildingscience.com

Straube
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Enclosure Intro Summary

* Enclosure often defines the H/C load

— Architecture defines massing, orientation,
enclosure

* Enclosure more critical for skin-dominated
— Heat flow, Solar control, air tightness

* Lighting, ventilation critical for deep plan

Building Science

Basic Functions of the Enclosure

¢ 1. Support

— Resist and transfer physical forces from inside and out

* 2. Control
— Control mass and energy flows
* 3. Finish

— Interior and exterior
surfaces for people

¢ Distribution — a building function

Building Science

Functional Layers

- ~ SUPPORT
~— CONTROL

S pasH

Basic Enclosure Functions

* Support
— Resist & transfer physical forces from inside and out
* Lateral (wind, earthquake)
* Gravity (snow, dead, use)
* Rheological (shrink, swell)
* Impact, wear, abrasion
* Control
— Control mass and energy flows
* Finish
— Interior and exterior surfaces for people

Building Science Erclosures Mo 29

Functional Layers

~ SUPPORT
"~ CONTROL

S masH

Oct/Nov 2010

© buildingscience.com

Basic Enclosure Functions

e Support

— Resist & transfer physical forces from inside and out

* Control
— Control mass and energy flows
* Rain (and soil moisture)
— Drainage plane, capillary break, etc.
* Air
— Continuous air barrier
* Heat
— Continuous layer of insulation
* Vapor
— Balance of wetting/drying
* Finish
— Interior and exterior surfaces for people

Building Science.com Enclosures No. 30 /

Functional Layers

~~— CONTROL

Straube
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Other Control . . .

Building Science.com

Enclosures No. 33|

Oct/Nov 2010

Basic Enclosure Functions

Building Science.com Enclosures No.34/

* Control — Resist & transfer physical forces from inside and out
— Fire :
- penctration Functional Layers e Control Functional Layers
+ Propagation — Control mass and energy flows
— Sound « Finish
* Penetration ~ inis o ~
. . ~~ SUPPORT . . — SUPPORT
Reflection N — Interior & exterior surfaces for people s 3
— Light OO ~ CONTROL
< Diffuse/glare S s * Color, speculance — -
¢ View * Pattern, texture
* Finish
Building Science.com Enclosures No. 31/ Building Science.com Enclosures No.32/
History of ch
. anges
Control Functions g
—_ Masonry _ - Veneer
* Older Buildings - %F =i
— One layer does Plaster 22 I r—
everything % Building
paper
A
+ 77 Sheathing
* Newer Building A | T
i
— Separate layers, 77 Drywall
... separate functions % Services
\\»\L\ -
Then Now

© buildingscience.com
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What is a high performance
o" ”n
The “Perfect Wall 5
enclosure-
* Finish of whatever -
+ Control continuity * One which provides high levels of control
— Rain control layer . . ..
- Perfect barrier Cladding > * Poor continuity limits performance
+ Drained with gap . .
- Storage Control layers — ]| » * Poor continuity causes most problems too:
— Air control layer . .
+ Airbarrier Structure > — E.g. air leakage condensation
- TrjerArl:?ilnscLﬁ:t?;:lrlaadyi:nrt barriers - Rain Ieakage

I

— Vapor control layer
* Retarders, barriers, etc

* Structure can be anything — Cold windows

— Surface condensation

Fire Control may be needed ¢ This course: Conﬁnuity + h|gh levels

Sound Control optional

Building Science.com 35 www.BuildingScience.com

Wall
Ballast
A Filter fabric
< Control layers
i < Roof structure
I { JL JL JL :
: 1l 1l 10 : I
Slab Roof
Building Science.com Building Science.com

Oct/Nov 2010 © buildingscience.com 9 of 33
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Building Science.com

Slab
Control layers

Stones
Earth

Building Science.com

Building Science.com

= ) — =

Wall

Oct/Nov 2010

© buildingscience.com

Building Science.com

= — — =

Wall

Roof

Straube
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Parapet

Building Science.com

Roof
H Wall
I
Ml
Slab
Building Science.com 3
TL Parapet
: Roof
: Wall
Footing Slab
L]

Oct/Nov 2010

L Roof
L Wall
Slab
Building Science.com 44
P Parapet
H Roof
ll
Window Wall
il
Footing Slab

Building Science.com

© buildingscience.com
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Open Cladding

Wall control layers IRES

Connections: Who is in charge

Building Science.com 47

Roof control layers

Enclosures No. 48 /

¢ Details demand the same
approach as the enclosure.

* Scaled drawings required at

Building Science.com

Enclosure Design: Details

Perfect Wall expanded

Cladding - D
Thermal Control e
Water-Air-Vapor Control A
Structure T
Service Distribution PO
Finish = > |

Fire Control may be needed
Sound Control optional

Building Science.com 50

Oct/Nov 2010

© buildingscience.com
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Perfect Wall

e CMU/concrete
backup

0\

Cladding

Insulation

A

Water-Air-Vapor Barrier
Structure

Finish

A\

Building Science.com 51

4” PIC=R25
5”XPS =R25
6”MFI=R25

Any R-value, e.g.

Brick veneer/stone veneer ————»

Drained cavity

Exterior rigid i — extruded
polystyrene, expanded polystyrene,
., rock wool,

ort Il-on or spray
applied vapor barrier (Class | vapor
retarder), air barrier and drainage

plane (impermeable)

Concrete block

Metal channel or wood furring

Gypsum wall board (GWB) %

Latex paint or vapor semi-
permeable textured wall fiinish

-

Vapor Profile

—

Perfect Wall

* Steel Stud
Backup

6\

Cladding

A\

Air-Vapor-Water Barrier

Insulation - B

Structure
Finish

AV

Building Science.com 53

Any R-value, e.g.
4” PIC=R25
5”XPS =R25
6”MFI=R25

Oct/Nov 2010

Brick veneer

Drained cavity

Exterior rigid insulation — extruded —‘
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray
applied vapor barrier (Class | vapor
retarder), air barrier and drainage
plane (impermeable)

Non paper-faced exterior gypsum
sheathing, plywood or oriented strand
board (OSB)

Uni steel stud cavity

Gypsum wall board (GWB)

Latex paint or vapor semi-
permeable textured wall fiinish

NNS1N/SININ|SINININ|N N NN NSNS

-

Vapor Profile

www.BuildingScience.com

=

© buildingscience.com
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Conden

sation & Dryin

Critical Ratio: EXterior R-value

Studbay R-value

Brick veneer/stone veneer ————————»

Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray
applied vapor barrier (Class | vapor
retarder), air barrier and drainage
plane (impermeable)

Non paper-faced exterior gypsum

sheathing, plywood or oriented strand
board (OSB)

Insulated steel or wood stud cavity

Cavity insulation (unfaced fiberglass
batts, spray-applied cellulose or
spray-applied low density foam)

Gypsum wall board (GWB) %

Latex paint or vapor semi-
permeable textured wall fiinish

| —
Vapor Profile

Compromise

www.BulldingScience.com

Steel studs
compromise
the thermal
performance
Wood studs,
not so much

Any R-value, e.g.
6” wood stud+
2" PIC= R30
3”XPS= R32
4”SPF=R40

www.BuildingScience.com

= C ol 70F - LT 70F
- g [} L) H +— ' ‘K
0oL =TIl 60F - —~ 60 F
L] L L || | | }
H ol HsoF ] ; 50 F
M R | = e
H ) ! H 40F I ’ ﬂ] U 40F
- 1 | . - i | ]
H = ol - 30F ] = =D 30F
i i\ N i Vo8
L i 3 Ll 20F L '5 / 20F
H 1 | — — h i
H i L 10F i d |

= . ] /‘/ =9 F

I
- [/ R10f |1} ] = OF - ( 'R19 t 0F
www.BuildingScience.com
Compromise= Risks

- 9 T 70F - L > 70F
L = H ] =
u - /Tl HeoF u — 60 F
H B/ H H S 1/
H ; ! — 50 F b r /i 50 F
— | | ! — | y
H L If“ ! H40F H ’ ) 40F
] : H i A
H = i d H 30F H o~ M{) [} 30F
L E 3 Ll20F i / : ; 20F
. | i = _ 1 )
1~ 0 'oF i gl | R
- Ri1ofl |R12 | = OF - ’/ Ria] [ R19 | OF

Oct/Nov 2010

Specifics

Now we will look at
— Rain Control
— Air F|0W Control Energy Durability, Health

&
— Thermal Control Comfort

In some detail

www.BuildingScience.com

© buildingscience.com
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Rain Control

High Performance Enclosures

Rain Control

Next to structure, the most important,
fundamental requirement

Source of many serious building problems
Major impact on durability

Low-energy buildings & rain
— Different enclosure assemblies
— Reduced drying ability

www.BuildingScience.com

Wall Systemnt
)\

( Al
Joints Elements
[N )

Rain Control

)
Perfect Barrier

ed

. Imperfect Barrier
* Elements and joints can be ‘
different [C—
Mass or Drained? or
Storage Types Screened Types
|
Less mass More mass
and lower and mare ‘
permeabilty  permeabilty )
f ) [
" " Face
Ca\‘my3 No Cavity Seal
( [ )
Ventilated*  Vented® Unvented

Pressure moderated®

Ventilated and pressure moderated

|
Perfect Barrier
Types

)

J

1
Concealed
Barrier

Oct/Nov 2010

© buildingscience.com

Mass/Storage/Reservoir Walls

sl

Rubble

Solid Masonry Composite/

Layered

John Straube

Straube
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Overhangs, drips, surface features
are important for mass walls

No building paper, flashing, weepholes
 Somar

REiG
P 77770

Rain Control 1 64

Perfect Barrier / Face Sealed

S . /
/1 /]
o b 0 >
/ >
l | ‘ i g
/1.
y /
v >
3 /1. /
Structural Glazing Steel-Clad Face-Sealed
Foam Panels EIFS

www.BuildingScience.com

Oct/Nov 2010 © buildingscience.com 16 of 33



Royal Architectural Institute of Canada

High Performance Enclosures

Categorization

* Elements and joints can be
different

Less mass
and lower
permeability

ImperfeTt

Mass or
Storage Types

More mass
and mare
permeability

Wall Systemnt

(
Joints

Barrier

N\

|

Al
Elements

|
Perfect Barrier
\

|
Drained? or Perfect Barrier
Screened Types Types

)
|

A

[
Cavity?

— p
| |

)
D

N\

No Cavity Face Concealed
Sealed Barrier

(
Ventilated*

[
Vented®

\

1
Unvented

Drained Walls

* “Pressure Equalized Rainscreen” are a fictional sub-
set of drained walls

| i
| N
| N

Lap Siding

Panel Cladding

Masonry Veneer

Pressure moderated®

Ventilated and pressure moderated

Systems

Building Science 2008

Joseph Lstiburek - Rain Control 69

Oct/Nov 2010

© buildingscience.com

Requirements for a Drained Enclosure

1. "Rainscreen" cladding +/ |i|

~ g
2. Drainage space > _é‘
i 3
0s]
3. Drainage Plane = °
3
4. Flashing —. é
()

5. Drain Opening » LA

("weep”)

Straube
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Shingle lap is the best,
most reliable

High Performance Enclosures

Air-Water-Vapor

* Often thin layers

* Canbe
— Water control (vapor permeable, not airtight)
— Air & water control (vapor permeable)
— Air, water & vapor (vapor impermeable)

* Examples

— Building paper, untaped housewrap, sealed and
supported housewrap, fluid applied, peel and stick

www.BuildingScience.com

Oct/Nov 2010

Air-Water
Control Layers

© buildingscience.com
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Details

Non-adhered, vapor
permeable

* Supported
flexible membrane

¢ Often use membranes
for transitions

Oct/Nov 2010 © buildingscience.com
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Closed-cell spray
polyurethane foam:
ccSPF

-Rain control

-Air Control

-Thermal Control

- Vapor Control

Air Barrier Systems

* Need an excellent air barrier in all buildings
— Comfort & health
— Moisture / condensation
— Energy
— Sound, fire, etc.
* Cant make it too tight.

* Multiple air barriers improve redundancy

www.BuildingScience.com

High Performance Enclosures

Air Flow Control

Straube

Oct/Nov 2010

Air moves more than diffusion!

* Diffusion is rarely a big deal
* Air leakage almost always is!

Wall 1 Wall 2 Wall 3
= Vapor diffusion only « Vapor diffusion only + Air leakage only
= Class |l vapor control « Class Il vapor control « Class | vapor control
]
- >
Exterior Interior
T=0F/-18°C a L J| Ter0Fi21C
RH = 80% RH = 35%
<J Gila |
4] B l. o
o
<J H~
A
48 grams / month 538 grams /month 22,200 grams / month
= 3 tablespoons =24 cups =98 cups

© buildingscience.com
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Air leakage Air Barriers and Energy

* Hard to save energy with the door open * Requirements
* Buildings getting tighter, but . . . — Continuous (most important)
— Many still leak way too much — Strong
— We can’t identify the leakers — Stiff,
— Durable,

— Need to test! Commission!

* Ventilation: Many try to improve air quality by
increasing quantity
— Target good air when and where needed

— Air Impermeable (least important)

* Easily 1/3 of total heat loss is due to air
leakage in well-insulated building

83/175 11/1/10 84/175 11/1/10

* Exterior sheathing caulked, "~ Caulking / sealant

glued or gasketed 1o top plate

[k Cladding Polyethylene

Taped or sealed joints in

exterior sheathing
Caulking / sealant

; =
f Vapor permeable housewrap
1| Wrapped around ficor assembly

Caulking / sealant

Exterior sheathing caulked,
glued or gasketed 1o botlom plate

Exterior sheathing caulked,
glued or gasketed 10 top plate

‘Tape or sealant, ove joint in
exterior sheathing

Orywall caulked, glued or 'i e X Polyethylene
gasketed to top plate

I

L

l

j

‘ Polyethylene

Taped or sealed joints in

exterior sheathing Caulking / sealant

Polyethylene sealed

Exterior sheathing caulked, to inside face of I
i bottom plate H . 1 . . . . . .
e or gasheted 1 bokcr pte it etk P Commercial Buildings: Often exterior air barrier is only practical solution
Bottom plate installed over sill gasket Bottom plate instalied $ 'I ‘ l
over sl gasket
Note: shaded components designate Note: shaded components designate
Building Science air barrier system Airflow Control  No. 85/79 air barrier system Building Science.com

Oct/Nov 2010 © buildingscience.com 21 of 33
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Poly combines air and
vapour control

-Must be sealed and
supported to be air barrier
-Cover most area and you
have vapor control

rol 87

Straube

Building Science.com

Lapped sheet or liquid-
applied water and air barier
Rigid foam or semi-rigid
mimeral fiber insulation;
nominal 1" drainage gap

Insulation retention washer
Vent and drain ——_
openings @ 24" o.c. \\

Stainless steel %
projecting drip flashing ™\

Vent openings -

Use backer rod to fill
deflection joint and debond
water and air barrier

NN

Yl

— Light gas
(nstalied s

N
AN

- Moist: tant gypsum

Intermittent steel angle to support
gusset that supports shelf angle

- Bent sheet metal concrete

) P form closure

Concrete fioor slab or
composite deck

Top chord

of I-beam)

: E ““ — Co).p;'m web steel E

. ‘

m‘ lE T4 ~
L Acoustic ceiling

Oct/Nov 2010

Fully adhered brane

Roof

Roof sheathing

Two layers of rigid insulation
(joints staggered and offset)

Fully adhered membrane air barrier

Gypsum sheathing
Fluted metal deck

© buildingscience.com
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o~ EXISTING ROOF PENETRATION
/

SEALANT
-~ METAL COLLAR

SEALANT

VETAL COLLAR

VETAL FLASHNG

FULLY~ADHERED PVC ROOF MEMERANE

£ OF EXISTING PENETRATION

" ABOVE INSULATION COVER BOARD
LATION COVER BOARD

LATION, THCKNESS VARES, SLOPE
%" PER FOOT TO ROOF DRAINS,
WSULATION, (2) 1 %" LAYERS, JOINTS STAGGERED

X Building Science 2007
Joseph Lstiburek — Airflow 92
—
Stack Effect Flow Out
(Exfiltration)
o |
il % — Pinside drops with
* height slower than
I I K Poutside
Poutside drops
<—l I_’ with height faster
than Pinside
L Stack Effect Flow In
(Infiltration)
Building Science 2007 Building Science 2007
Joseph Lstiburek - Airflow 93 Joseph Lstiburek - Airflow 94

Oct/Nov 2010 © buildingscience.com 23 of 33
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Building Science 2007

Reduced Individual
Unit Stack Effect

N0
SO
NEO
NEO
SO
SEO
SEO
SE0

OO0

Joseph Lstiburek — Airflow 95

Building Science 2007

(7)SECOND_THROUGH_ SIXTH FLOOR PLAN
( -

Joseph Lstiburek - Airflow 96

Building Science.com

Oct/Nov 2010

Building Science
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Thermal Control

Thermal Control Thermal Insulation
Insulation R-value/inch k (W/mK)
N .
I nsu Iatlon Empty airspace 0.75”-1.5” (20-40 mm) R2.0-2.75 0.36 -0.50 W/m2K
- i Empty airspace 3.57-5.5” (90-140 mm R2.75 0.50 W/m?K
Slows heat flow in and out pty airs} ( ) /
. Batt (mineral fiber) 3.5-3.8 0.034 - 0.042
¢ Windows : - -
Extruded polystyrene (XPS) 5.0 0.029
— Slow heat flow in and out Polyisocyanurate (PIC) 6.0-6.5 0.022 - 0.024
— Control solar gain - allow or reject? Expanded polystyrene (EPS) 3.6-4.2 0.034 - 0.040
Semi-rigid mineral fiber (MFI) 3.6-4.2 0.034 - 0.040
o ” Convection 2\
COOI rOOfS gi\f_ Spray fiberglass 3.7-4.0 0.034 - 0.038
— Reduce solar gain ‘\ Closed-cell spray foam (2 pcf) ccSPF 5.8-6.6 0.022 - 0.025
. . =3 = Open-cell spray foam (0.5 pcf) 0cSPF 3.6 0.040
. Conduction ] e
Radiant barriers A ‘,‘r/ - x\& Abisza 812 0.012-0.018
y 4 -/R:;.a..on Vacuum Insulated Panels (VIP) 20-35 0.004-0.008
www.BuildingScien

Oct/Nov 2010 © buildingscience.com 25 of 33
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How much Insulation Thermal Continuity
* Heat Flow = Area * (T, qiqe — Toutside) * Some short circuiting is normally tolerated.
R-value * High-performance walls tolerate few
* Double R-value, halve heat flow. Always. * Major offenders / weak spots
* Optimum depends on — Penetrating slabs (<R1)
* Cost of energy over life of building — Steel studs (<R1)
* Cost of adding more insulation — Windows (R2-R3)

" Savings in mechanical equipment, controls * Area and low R matter to overall significance

www.BuildingScience.com www.BuildingScience.com

L
25
Are studs usually 16” o.c.?
° Steel Studs @ 16" o.c. Wood Studs @ 16" o.c. N
E > '
$ 2
[
3 = Clearwall
= = Nominal
15
~
10
E
s
b
w
- . R5ci 3.5in | R-13 3.5in| R-19 6in |R7.5ci 6in| R10ci 6in |R-15 3.5in| R-19 6in| R-21 _6in |
Clearwall | 5.8 60 | 71 88 | 113 | 100 | 129 | 138 |
# Nominal s | 13 | 19 75 | 10 | 15 [ 19 | a | sl scence com
Source: ASHRAE 90.1-2007, Table A9.28. ci denotes a layer of continous insulation with no framing penetrations

Oct/Nov 2010 © buildingscience.com 26 of 33
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'R . T

Are the studs within a heavier structure?

** Building Science.com F

High Performance Enclosures

Straube

R
—

“ \\
N g

/
/

111714

17

Thermal Bridge Examples

* Balconies, etc =

* Exposed slab edges

Oct/Nov 2010

i

Windows

* Our most expensive thermal bridges

Aluminum is 4-5 times as conductive as
aluminum

* Difficult to buy commercial aluminum
windows / curtainwall over R3.

* Allow solar heat in
— Useful in cold weather
— Requires cooling in summer

www.BuildingScience.com

© buildingscience.com
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Total Heat Flow

Curtain Wall Plan View

flanking
- .
frame
1 glazing
centre of glass n system
. U-value ,
edge of glass —
.
‘
Building Science 2008 . Building Science

Windows and Curtainwalls  No. 11180

Full-Frame R-values Thermal Break .
* Critical for alu windows e |]—-— '
* %" should be min ; p
thermal break s .
& [ ] - - v B
3 |
| Higﬂtech? == . LOW te(:h? Figure 4: Frame L'-l'a[w:s."l‘he‘mal break thickness. F—— .7 — 7 ! ; — :f

Oct/Nov 2010 © buildingscience.com 28 of 33
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*Spandrels are not
very effective
*R20 in typical
curtainwall has R5

Spandrel: glass, metal, stone, ——
etc. cladding; air space; insulation,
metal back pan, air barrier

Firestop insulation, smoke seal
and compartmentalization seal

Visionwall

Building Science 2008

Windows and Curtainwalls  No. 11680

Triple Glazing, Centre of Glass

Double Glazing, Centre of Glass

45+ 457 SURFACES
GAS FILL IN GAP SURFACES 1 4
o s AU 4 N
G — e 1 3 40 2 5
N\~ Iypton 2 4 o.:sm lns:o

35 3 o hatee 35
5 . 30 S5 .30
it i |\
SE &L ,s N
§5 o SN
; o 3 S NN\
£32 20 £8 201 N\ SSS
Es o 0w A\ Sl T e — -- g
8 o == no coatings

15 = R4 5

1 L
103 \ e =0.10 on surface 2 or 3 104 ™ p— . RS
| (e =0.03 available commercially) — — — -coatings - g7
- 5
9% | | e=0.10 on surface 2 or 3
v \ (e = 0.03 available commercially)

T T - T T T
5 I I10 I 15 20 25"'

1" 3g" 15" 3,
Gap Width, mm

www.BuildingScience.com

Oct/Nov 2010

T T T T T
sl 10 [ s [ 20 23]
L7 Jg" 73 4" 1"
Gap Width, mm

www.BuildingScience.com

© buildingscience.com




Royal Architectural Institute of Canada

High Performance Enclosures

Center of Glass (COG) Performance® AlpenGlass+™
Industry Leoding Performance  U-Volue RVolve SHGC VI Glozing Fill
Premium Performance U-Value RValue SHGC VT Glazing Fill
U-Volue R-Volue SHGC VT Glazing Fill
Courtesy of ThermaProof
Windows and AlpenGlass+

* Measured by SHGC
* Solar gain useful during cold sunny weather

* But least heating is needed during daytime for
commercial buildings

* Overheating discomfort is a real risk

* Must size glass Area x SHGC carefully
— High values = air conditioning and discomfort

www.BuildingScience.com

Oct/Nov 2010

Interior or Exterior Shade

* Operable Solar Control of windows may be necessary for
ultra-low energy buildings

* Exterior Shades always beat low SHGC glazing
— But the cost capital and maintenance

* Interior shades don’t work well with good windows

_)(')/_13% Ny

/|>

21 %
46 %

Building Science.com

© buildingscience.com
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Fully operable shades

......

yyyyyyyy

""""" High R wall, 40% glazing (triple) |

Chriesbach Building:
Switzerland

S i

—+-U=0.21 (R27), SHGC=0.41
#-U=0.35 (R16), SHGC=0.42

U=0.57 (R10), SHGC=0.448 /
10000 #-U=099 (R6) . SHGC=052

- U=156 (R4) . SHGC=051
-o-U=27 (R2) .SHGC=0.7

U-Value

heating load (KWhia)

% glazing of proposal

Figure 3.3.1 b): Heating load vs. % glazing of proposal for various windows.

Total Heating/Cooling Energy (KWHa)

| BCooling Load (latent) (kWh/a)

® Cooling Load (sensible) (kWhia)

@ Heating Load (kWh/a)
Solar gain is
useful if
A controlled Mass can
matter for low —

energy
houses

Appliances
reduce

heating Ty

Automatic
Exterior
blinds kill
cooling

CASE1 ' CASE2 CASE 3 CASE4 CASES ' CASES
Figure 3.6.1 b: ESP-r simulation results for the refined house modei.

Oct/Nov 2010

© buildingscience.com
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Effective Overall Wall R-value (hr sf F/ Btu)

=+=1. Uwindow=0.5, Rwall=6

y ~=2. Uwindows=0.5, Rwall=11
"1 N 3, Uwindow=0.5, Rwall=16
} Q%Q N =0~4. Uwindow=0.35, Rwall«15
&1 \ =6=5. Uwindow=0.30, Rwall=40
¢ ~4-6. Uwindow=0.14, Rwall=20
10 4 \
o4
i
o4
A
o
o n 80 100

Window-to-Wall Ratio (WWR) %

www.BuildingScience.com

High Performance Enclosures

== 24 wood R12, wood/ iyl double glazed air

=246 wood std R21,4" polyiso, vieyl/wood double glazed low-e Acgon

== 2x6 wood R21, vinyl/wood double glazed kow-e argon

R21, 1.57pobisa, o argon
== 2x6 wood stud R21,1" extuded polystyrene, fberglass triple gazed low-e

krypton
~9— 216 wood stud R21,4" polyiso, fiberglass triple glazed low-¢ krypton

Overall Effective Thermal Resistance (R)

Building Science 2008

Windows and Curtainwalls  No. 12880

Annual Energy Demand (kWh/m2/yr)

More Windows means more energy consumption in a cold climate
200

® Space Heating ™ Cooling  Lighting ™ Plug Loads ™ Pumps & Fans © Servers - Cooling Servers

175

150

125 1

100

75 7

Oct/Nov 2010

Chicago lllinois Office Building 15 ft (4.6 m perimeter zone)

Balance Cooling & Lighting

Cocling Ughting Total

KW/t

+ 1U=0.60, SHGC=0.60, VT=0.63

|
U=0.49, SHGC=0.17, VT=0.10

L '

U=0.20, SHGC=0.22, VT=0.37

|
i

' X “ . s o P te T 8
Wedow-1-Wal Rsto Window 20-Watt Razo Window 3> Wall Rato

Source! Carmody et al. Windows for High Performance Buildings

© buildingscience.com
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Summary

* Indentify functional control layers
— Rain, air, heat, vapor

* Provide continuity of control layers
— details

* Select high levels of performance

vw.BuildingScience.com

Oct/Nov 2010 © buildingscience.com 33 0f 33
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pid insulation — extruded —+
e, expanded polystyrene,
bate, rock wool, fiberglass

E or trowel-on or spray

Enclosure Systems

ainage plane, air barrier

block

nel or wood furring

oard

t or vapor semi-
b textured wall fiinish

NN/SNNNNNSNNNSSNN

Enclosure Systems

Brick, masonry, terra

cotta, fiber cement,
metal panel, etc.

Primary Structure

hww.BuildingScience.com

Steel studs

Taped and painted

psum wall board as
interior finish
Vapor control as required

Spray-applied fbrous or
foam insulation in stud
£pace ((optional thermal)
Fully-adhered water and
air control membrane

(Air and water control layer)
Continuous insuation layer
of mineral fiber, EPS, XPS,
polyisocyanurate or cCSPF
(Thermal control layer)

Tape joints in sheathing

Oct/Nov 2010

© buildingscience.com

Straube
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Enclosure Systems

Building Science.com

Straube

Oct/Nov 2010

Building Science.com

&

4

s

© buildingscience.com
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Interior finish-whatever

applied drainage plane, air barrier
and vapor retarder

Brick veneer/stone veneer ——% Structure: Concrete Block
Drained cavity Drainage Air Vapor Barrier: Asphalt
o it msiaton — o i Rockwool Insulation “
lystyrene, ded polystyrene, inish-
piyne epmrided polysrece. - I Finish- whatever '
i /7 &
or or spray
7/
i

Concrete block

:

Metal channel or wood furring

‘Gypsum board .
Latex paint or vapor semi-
permeable textured wall fiinish Z

-

Vapor Profile

—

Building Science Enclosures No.9/

Oct/Nov 2010 © buildingscience.com 30of 20



Royal Architectural Institute of Canada

Enclosure Systems

Synthetic Stucco: EIFS

2x6 wall @ 24" oc.

Taped and painted /s

gypsum wall board as
interior finish

Note: this is a drained EIFS

Concrete floor

Vapor control layer as
required

Spray insulation in stud
space (optional)

Exterior sheathing

Fluid-applied drainage
ane

(Air and water control layer)

-~ 3™t0-12" EPS insulation

Glass mesh reinforced
lamina and synthetic
stucco finish

Oct/Nov 2010

© buildingscience.com

Stucco —————»

Insulation ————
Drainage Gap
Drainage Plane

Structure

Straube
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Lapped
| plane continuity; taped for

Taped and painted */"
gypsum wall board as
interior finish

Fibrous cavity — Sheathing
Insutation
— Conugaﬁ:‘o(d ssg:gzo'm
polyole ) air and
Latex paint (Class Ill) H
vapor control = & water barrier

Tape joints in sheathing

1"10 6" of insulating sheathing
(XPS, EPS, rockwool, PIC)

M 1x3 furring strips

Fiber cement lap siding

Jommmmmmmmmmmm

10 provide drainage
alr barrier continuity

Building Science

Insulated Concrete Fq

Excellent thermal control

Concrete acts as air barrier
Rain Control! Drain all penetrations
No vapor barrier needed

Insulation ai

Oct/Nov 2010

© buildingscience.com

Enclosure Systems

Cast-in-place concrete
core

ICF inner and outer
faces (typically EPS or
cement wood fiber)

Concrete and foam
acts as vapor control N
layer

Taped and painted
gypsum board as \
interior finish

%)

[

Lz

/3

X7
oI

K|

Reinforcing steel as
required \

Vertical stiffner

Taped and painted '/."
gypsum wall board as
interior finish

OSB interior
panel

EPS insulation —
core

Fiberglass
insulation at
rim joist

~—— OSB exterior
panel

Straube

5 of 20
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Structural Insulated Panels

* Advantages
— Superior blanket of insulation
— if no voids then no convection or windwashing
— May seal OSB joints for excellent air barrier system
* Therefore, done right = excellent
* Small air leaks at joints in roofs can cause problems
* Don’t get them too wet from rain
— Low perm layers means limited drying

— Always use drained / ventilated cladding! Stucco!

Beware Joints
No vapor barriers Building Science.com

Insulated metal panels Curtainwall: Anatomy & Jargon
Neoprene setting —.
lock
Can be high-performance Glazing plane/ ——. \\,\ e Weep hole
low-cost system shoulder \\ \ v//ﬂ Thermal break
Need to demand thicker S ;
panels (6-8"+) Q\j
AT ——— Snap cap
Screw chase — ~Pressure plate
o cap screw
P
d
Interior frame; / Pressure plate
Same material fulfills several REfar rspit ; Exterior gasket
functions Interior gasket — 7/ A or tape
Finish (paint) |or mﬁfw lazi 7
Control (metal, foam) ur::r e ‘
Support(metal+foam) Building Science.com

Oct/Nov 2010 © buildingscience.com 6 of 20
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Enclosure Systems

Structure

Rain Control

Rain Shedding

Corners are weak spat:
*How to drain carmers
*How to alseal?

Oct/Nov 2010

Air Flow Control

© buildingscience.com

Straube
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Enclosure Systems

Thermal Control

Thermal Break is the most critical heat flow
control item in Aluminum systems
More important than glazing!

Building Science.com

Thermal Control

Building Science

Unitized o

w O

Windows and Curtainwalls ~ No. 3180

Oct/Nov 2010

© buildingscience.com
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Enclosure Systems

critical

Details

* Integration of penetrations and transitions is

— Must maintain continuity of rain, air, thermal and
vapor control through the transition!

— Exposure and performance expectations guide
designers level of compromise

www.BuildingScience.com

rapet lashing
Fully-adhered water
control membrane

Grout and resnforce
parapet CMU as per
structural requirements.

Note: No deck-level air or vapor

Parapet lashing

Fully-adhered water
control membrane

Air barrier transition

Fiberglass batt or
spray foam
Water, air and vapor—+
control membrane;
preferably fully-adhered
Peel and stick
transition membrane;
air and water control

Optional fibergiass
batt insutation

Backer rod fills gap

transition membrane;
air and water control

Peel and stick ————

Fully-adhered air, water, and
vapor control membrane

— Extruded polystyrene
insulation
Slope to drain
min. 1%

Water, air and vapor
control membrane;
preferably fully-adhered

Light gauge
(installed sl
of I-beam)

A Open web steel joist

“—— Deflection track allows space

for sheathing o move

Spray fibrous or foam insulation
(optional: climate

Oct/Nov 2010

membrane

Water, air and vapor
control membrane;
preferably fully-adhered

Cant
- Perimeter of roof insulation wrapped
in air barrier to block airflow from roof
to parapet
Fully adhered roof membrane
Min. two (2) layers insulation; joints
staggered honizontally and vertically
: |
Water, air and vapor
control membrane;
preferably fuly-adhered
Peel and stick
fransition membrane;
air and water control Deflection
Backer rod to fl
deflaction joint and
debond water and air
bar
[ Pamapelflashing
Fully-adhered water S t
control membrane ch:m
= —Cant
— Continuous air control membrane
| (vapor control optional depending
on climate)
Alr barrier transition — Fully adhered roof membrane

/ / 7~ Min. two (2) layers insulation;
| / | joints staggered horizontally
/ / | and vertically

| Open web steel joist

——§ fibrous or foam insulation
(optional; climate dependent)

© buildingscience.com

Straube
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G888 0000

TASEeN

:1(111]

1

TN L N T

{ Y

Small metal clips

“The Ugly" “The Bad” “The Good” .~ dramatically reduce
thermal bridging
Intermediate supports

b

Fully-adhered air and water
barrier, lapped at joints P/ A

Continuous thermal msulanon "
(XPS, EPS, PIC, ccS = Fumiag
semi-rigid MFI); nomlnal
1" drainage gap oa
i > I
Insulation retention washer
(depending on insulation — . J
type)

e

Vent and drain
openings @ 24" o.c.

§

Stainless steel
projecting drip ﬂashmg

Shelf angle supported on —~
stand-offs attached to

cast-in plates
Vent openings
Use backer rod to fill

deflection joint and debond
water and air barrier

<+ Gypsum

board finish

&

iz

Oct/Nov 2010 © buildingscience.com 10 of 20
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Enclosure Systems

Straube

Lapped sheet or liquid-
applied water and air barrier
Rigid foam or semi-rigid
mimeral fiber insulation;
nominal 1" drainage gap

Insulation retention washer

Vent and drain
openings @ 24" o.c.

Stainless steel
projecting drip flashing
Vent openings

Moisture-resistant gypsum sheathing

Intermittent steel angle to support
gusset that supports shelf angle

Bent sheet metal concrete
form closure

Concrete fioor slab or
composite deck

Lapped sheet or liquid- — [
applied water and air barrier gypsum
Rigid foam or semi-rigid
mineral fiber insulation; Intermittent steel angle to support
nominal 1% drainage gap == | gusset that supports shelf angle
= | I Concrete floor slab
|
Insulation retention washer ¥
. a SRS ¥ A SN
Vent and drain & B » . & - ®
openings @ 24" o.c. &
> s, > S
Stainless steel tou S o
projecting drip flashing > a'h . ath, s
Vent openings < 1 Use backer rod to fill
> deflection joint and debond
8 water and air barrier
=
Gypsum board g Brick veneer
\ Alrspace
Concrete block —— Fully-adhered air/water/
vapor barrier
n R Rigid insulation
vy TR
Furring ———— i Transition membrane with
H 6" (150 mm) overlapped
l { shingle-tashion
I i" e - Water resistant barrier
| i adhered to substrales
= Web plates cast into siab
a.a < A 4 afie
3 4 3 2 4 Ddpoes -~ Continuous steel shelf
gk angle and steel bracket
s S Sealant
ol e i Weep holes at 24"
(600 mm) o.c.
L. '/s" (6 mm) dia. rod welded
& (150 mm) to underside as drip edge
£ at minimum to
- a
o $———— Protection board over
rigid insulation
Oct/Nov 2010

© buildingscience.com
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Enclosure Systems

Straube

Oct/Nov 2010

Gypsum board finish ———«

v . sione
or precast

Water control layer (drainage
plane)

Drainage gap

Insulation

Flexible transition membrane
overlap and adhered to

jamd o form end dar

Drain holes a1 24" (600 mm) o.c.
Prefinished metal fasting with
drip edge

0.75° (19 mm) min

Backer rod and sealant

© buildingscience.com
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Enclosure Systems

ISub-sill flashing \
and upturn \\
.
N
\\|
Gypsum board ——» BB
°
A ™
Fill block with 5 "G §
grout as required
by structural >\/
lengineer ‘U},
4
Horizontal joint I\
reinforcing as NS
required X\ O\
S

Precast sill with
integral end- and
back-dams

Adjustable tie with
insulation retaining
washer

Spray or trowel
applied air/vapor/
water barrier

Airspace

Concrete Block

Structure

Building Science

Drainage Plane
(Sheathing Membrane)

Self-adhered
flashing

Sub Sill Flashing

Formable
flashing

Building Science 2008

Windows and Curtainwalls

No. 5180

pre-shimmed glazing

tape air & water seal
Metal angle
backdam & anchor

Intermittent 2" clip angles
at same locations as IGU —
setting blocks ./

Finish

Subsill flashing
w/ end dams

D

Backup:
externally
insulation
steel stud,
wood stud,
concrete

Finish

Continuous interior angle and
Intermittent exterior clip allows
Thick insulation and alignment of
Thermal control layers

Oct/Nov 2010

© buildingscience.com
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Enclosure Systems

Exterior rain
shedding sealant;
provide weeps

Synthetic stucco

Ry o

around cfpzz,ninrgr
creating sub-sill
flashing

www.BuildingScience.com

+—— Window

+— Interior air seal

Metal angle backdam
receiving synthetic
stucco sub-sill flashing

Architectural Precast:
Punched Window

‘Water control membrane as————

drainage plane protected by
preformed metal flashing

Sealant on backer rod
as rainscreen with drain
holes @ 36 - 48" centers

Precast panel —

Air-impermeable spray
or board insulation with
joints sealed

Plywood blocking

Metal angle backdam

Structural clip support
@ 247-36"0.c.

Steel stud wall

-

— Gypsum board

Curtainwall Integration

Drip-edge
rainscreen transition

Membrane air &
water control
transition membrane

www.BuildingScience.com

Mechanically
clamped inner water
& air seal continuity

Finish

Oct/Nov 2010

Steel stud wall —

Air-impermeable spray
or board insulation

Gypsum board

Note thermal continuity

~————— Spray foam airseal
Flexible transition

Pracast panel (installed
first)

Line of outer sealant seal /
rainscreen joint

Line of inner seal air control and
drainage plane water control

www.BuildingScience.com

/ membrane for air
4 and water control
continuity
/ /

/s Sealant on backer
B4 A rod as rainscreen
2 ;

A=

Curtainwall frame
Solid blocking

© buildingscience.com
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Enclosure Systems

Sealed glazing
unit

Snap cap

Mullion

-~ Perimeter heating
7/ enclosure

Drainage path
Pressure plate
Formed metal
base

Air barrier membrane
tie-in

Rigid insulation

Waterproof
membrane

Exterior

_~Concrete curb

www.BuildingScience.com

Building Science 2008

Balconies

Insulation and Thermal Bridges No. 58/65

Building Science 2008

Oct/Nov 2010

© buildingscience.com
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Fully-adhered air and water
barrier, lapped at joints

Continuous thermal insulation
(XPS, EPS, PIC, ccSPF,
semi-rigid MFI); nominal

1" drainage gap

Stainless steel - /
projecting drip flashing \ o

Shelf angle supported on
stand-offs attached to
cast-in plates

Vent openings

Insulation retention washer
(depending on insulation
type)

Furring

-

Gypsum
board finish

Use backer rod
to fill deflection
joint and debond
water and air
barrier

Oct/Nov 2010

Enclosure Systems

Precast balcony supported on knife edge
supports to limit thermal losses

;.=n.m >075

Baicsny iad eonnection with Schick [askord” type K50 EV30 aad &

© buildingscience.com
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Low-Slope Roofs

* Not flat. Ponding is not acceptable.
* Get water right, then worry about energy!
* Components

— Rain barrier is roof membrane
* Drainage gap is the outdoors

— Air barrier can be roof membrane
* Better to install interior

— Insulation is rigid, polyiso, XPS, EPS, rockwool

Building Science.com

Perfect Roof

Drainage mat

9 ) X )o.c S
29 038809 458809 453

Fully-adhered roof
membrane

Building Science.com

Ballast (rock,

pavers, earth)

Filter fabric

Extruded polystyrene
Insulation

Sloped planar
structure

Oct/Nov 2010

_— Planting Medium
— Concrete Curb or Paver

~ Drainage Space

— Root Barrier
—— Insulation

—— Drainage Space
— Drainage Plane

"~ Sloped Concrete Topping
——— Precast Structural Deck

Building Science.com

© buildingscience.com
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Good Compromise

100521_Flat_roof_insulation.ai

Fully-adhered roof
Cover board
Two layers of rigid insulation —,
(joints staggered and offset) |
-
- \
leakage

Fluted metal deck -
1’ {
Building Science 2008

Sheathing
Fully-adhered or liquid-applied
air barrier

[ Parapet lashing

Fully-adhered water
control membrane

Fully-adhered air, water, and
vapor control membrane

Air barrier transition ~ o
rane -
S / — Extruded polystyrene
/ | insulation
/ / Slope to drain
min. 1%

Fiberglass batt of ——
spray foam
Water, air and vapor-
control membrane;
preferably fully-adhered 7z

Peel and stick % 3
transition membrane; =
air and water control

. Light gauge
Optional fibergiass (installed sl
batt insulation of I-beam)
Backer rod fills gap
[ !
\_— Open web steel joist

Peel and stick
transition membrane;

air and water control
-~ Deflection track allows space

for sheathing to move

Spray fibrous or foam insulation
(optional: climate

Water, air and vapor

control membrane;

preferably fully-adhered m

© buildingscience.com
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Enclosure Systems

Roof insulation —

Insulation wind batfie
2° minimum space

Continuous
soffit vent

Vinyl or
aluminum siing

Rigid insutation
(taped or sealed joints)

Unfaced cavity insulation,
cellulose or low-density
spray-applied foam

=7 0000000000

|+ R60-75 economically available '/

PERBHBHEDEBRERD

A
“— Gypsum board with vapor
semi-permeable (latex) paint
"~~~ Consider increasing depth of
insulation by using deeper
trusses or oversized (longer)
trusses
Caulkingfor sealant
or spray foam seal
Gypsum board with permeable
(latex) paint

“Perfect” Pitched Roof

Shingles
Roofing paper NG,
N
Minimum R-50 rigid insulation ——__ e N
in two or more layers with horizontal ™ \\\ \\\

and vertical joints staggered

Nail base for shingles (plywood or OSB) R
screwed through rigid insulation B

Wood decking

- Timber rafter or exposed joist

www.BuildingScience.com

Rool insulation ——___

Insulation wind batfle
2 In, mINEMUmM Space ———._

Water protection
membrane (ice
cam protecton
where required) -~

Continuous
soffit vent —

Vinyl or
aluminuem siding

with vapor ditfusion =
retarder backing —

Canity insulation /

(taped or sealed joints)

~—- Gypsum board

- Cauliing or sealam

Gypsum board

Straube

Oct/Nov 2010
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Enclosure Systems

Building Science 2008

Unvented Cathedralized Attics

* Move air and insulation control from ceiling
plane to roof plane
* Moves HVAC into conditioned space

— Saves lots of energy, reduce problems with
comfort, extends life of equipment

* Avoids wind blown rain, snow, and burning
wildfire embers

Building Science 2008

R40+ roof, fire protection

Roof cladding
Roof underlayment

3" CC spray foam
(R-19.5) _]

(Sg.;‘sfrayllberglas
R40 10” TJI Cold climate Solution shown
R50 12” TJI with 4” ccSPF (R24)+ 8” FG (R30)
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Roofing

Lapped peel & stick membrane as drainage plane
OSB sheathing

2 - 2'/;" polyisocyanurate (R-32); joints offset
vertically and horizontally

Lapped peel & stick membrane as air barrier
OSB sheathing

Netted and blown cellulose insulation (R-32)

idential R60+ Ui d Roof

1x3 strapping
Gypsum board

Cardboard baffle
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