PG&E Seminars

Straube

High Performance Enclosures

University of

Waterloo

<

High Performance Enclosures

Dr John Straube, P.Eng.

Associate Professor
University of Waterloo
Building Science Corporation

Building
Science
Corporation =~

October 19, 2011

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
Still need to provide some HVAC!

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

Great enclosures reduce demand & hrs of
operation

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 {shade is more important in hot climates)

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.

W BuildingScience.cam

)
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What is outside like where are you building?

- S

Rainfall

Buildings: Why do we Build?

Climate Zone

* 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.com Building Science 2008 .
Enclosures  No. 6 /

The Enclosure: An Environmental

Climate Load Modification
Separator

* The part of the building that physically
separates the interior and exterior

environments. * Building Enclosure (walls, windows, roof...)

* Includes all of the parts that make up the wall, — Separates climates

window, roof, floor, caulked joint etc.

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

— Passive modification

Buildin e 2008
Building Science 200 Enclosures No.7 /

Straube © buildingscience.com 2 of 53
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Enclosure Intro Summary Basic Functions of the Enclosure
* Enclosure often defines the H/C load « 1.Support
— Architecture defines massing, orientation, — Resist and transfer physical forces from inside and out
enclosure * 2. Control Functional Layers
* Enclosure more critical for skin-dominated — Control mass and energy flows
— Heat flow, Solar control, air tightness * 3. Finish . = )
L o . — Interior and exterior | —
* Lighting, ventilation critical for deep plan surfaces for people |
¢ Distribution — a building function
Building Science Building Science
Basic Enclosure Functions Basic Enclosure Functions
e Support
* Support — Resist & transfer physical forces from inside and out
— Resist & transfer physical forces from inside and out * Control
* Lateral (wind, earthquake) Functional Layers ~ Control r(nass and energy f;ows Functional Layers
. : * Rain (and soil moisture
Gravity (‘snow, dAead' use) — Drainage plane, capillary break, etc.
* Rheological (shrink, swell) « Air
* Impact, wear, abrasion — Continuous air barrier
. — SUPPORT ¢ Heat
Control GO — Continuous layer of insulation [
— Control mass and energy flows FnaSH * Vapor
« Finish « Finish — Balance of wetting/drying
— Interior and exterior surfaces for people — Interior and exterior surfaces for people

Building Science

Building Science.com
Enclosures  No. 11/ b Enclosures  No. 12/

Straube © buildingscience.com 3 of 53
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Other Control . . .

¢ Support

* Control
— Fire
* Penetration
* Propagation
— Sound
* Penetration
* Reflection
— Light
« Diffuse/glare
* View

¢ Finish

Building Science.com Enclosures Mo 13/

Functional Layers

October 19, 2011

- suPPORT

"~ CONTROL

S Pnash

History of
Control Functions

* Older Buildings

— One layer does
everything

* Newer Building

— Separate layers,
... separate functions

Building Science.com

Basic Enclosure Functions

e Support
— Resist & transfer physical forces from inside and out
» Control
— Control mass and energy flows
* Finish
— Interior & exterior surfaces for people

* Color, speculance
¢ Pattern, texture

Building Science.com

Functional Layers

S supPORT

"~ CONTROL

Changes

- Masonry Veneer

\\17\ Wood

stud

Plaster

Air space

Building
paper

Sheathing

Insulation

]

Then

Building Science.com

© buildingscience.com
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Finish

A\

3. Thermal control

1. Water control layer

A\

2. Air control layer

4. \Vapor control layer

Support

Finish

Building Science.com 17

October 19, 2011

* Finish of whatever
* Control continuity
— 1. Rain control layer
* Perfect barrier
* Drained with gap
* Storage
— 2. Air control layer
* Air barrier
— 3. Thermal control layer
* Aka insulation, radiant barriers
— 4. Vapor control layer
* Retarders, barriers, etc

* Structure can be anything

Fire Control may be needed
Sound Control optional

Building Science.com

The “Perfect Wall”

Cladding

1]

Control layers

Structure

I
|

—»

|1

What is a high performance
enclosure?

* One which provides high levels of control
* Poor continuity limits performance

* Poor continuity causes most problems too:

— E.g. air leakage condensation
— Rain leakage

— Surface condensation

— Cold windows

* This course: continuity + high levels

www.BuildingScience.com

Slab

Building Science.com

Roof

© buildingscience.com
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2 2 3 R 4
o8I RIRRR R - Filter fabric

October 19, 2011

Building Science.com

Ballast
< Control layers
<« Roof structure
21 Building Science.com

Slab
Control layers

Stones
Earth

Wall

[

Building Science.com

23 Building Science.com

© buildingscience.com
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Roof Roof

O/
() (—)

Wall Wall
Slab
Building Science.com 25 Building Science.com 26
Parapet Parapet
TL L_L
: Roof : Roof
: Wall : Wall
Slab Footing Slab
Building Science.com 27 Building Science.com _J 28

Straube © buildingscience.com 7 of 53
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H Roof
Window I Wall
mr
Footing
Building Science.com 29

Straube

High Performance Enclosures

October 19, 2011

Open Cladding

>

Connections: Who is in charge

_L@M 2908

Wall control layers e

Building Science.com

Roof control layers

detailing effort /
RERrmance.

Enclosures No.31/

Enclosure Design:
Details

¢ Details demand the same

approach as the enclosure.

* Scaled drawings required
at

Building Science.com

© buildingscience.com
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Perfect Wall expanded Perfect Wall
i * CMU/concrete 2
s = .
Cladding = backup Cladding >
Thermal Control > Insulation -
Water-Air-Vapor Control = Water-Air-Vapor Barrier = |
Structure B > Structure I
Service Distribution PO Finish i
inis - T
Finish = - ]
Fire Control may be needed
Sound Control optional
Building Science.com 33 Building Science.com 34
2",‘;:::"’:;";2' e.g. Brick veneer/stone veneer ——»|
57xps -has —— Perfect Wall
6”MFI=R25 . I |
Exterior rigid insulation — extruded ) '
polystyrene, expanded polystyrene, \ |
isocyanurate, rock wool, fiberglass 1 |
* Steel Stud b
L~ I |
1 I ~1 | |
i ey Backup Cladding < b
retarder), air barrier and drainage | |
plane (impermeable) Insulation =l wNt
Concrete block m( : :
. o L | |
Metal channel or wood furring Alr-Vapor-Walef Bafrler ~ ! |
Gypsum wall board (GWB) BA
Latex paint or vapor semi- % StrUCture i " !
permeable textured wall fiinish F' . h “ '-
Inis - I h
= b
- > i
Vapor Profile : :
Building Science.com 36

Straube © buildingscience.com 9 of 53
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Any R-value, e.g.
4” PIC=R25
5”XPS =R25
6”MFI=R25

Brick

veneer

SIS

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)

Uninsulated steel stud cavity

Gypsum wall board (GWB)

I
AN

A\

Latex paint or vapor semi-
permeable textured wall fiinish

NN SNINISINN/SNN]

€

Vapor Profile

www.BuildingScience.com

_—

Condensation & Drying

A10)

==||—H eoF o

70F M

I/

I
I

- 40F ]
I 30F L]
| 20F ]

H10F -

= - | R19

www.BuildingScience.com

70F
60F
50F
40F
{30F
|20F
10F

U oF

Ratio:

Exterior R-value
Studbay R-value

controls risk of condensation

N

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)

NNNNIN

Gypsum wall board (GWB)

Latex paint or vapor semi-
permeable textured wall fiinish

N[NNISN|

-
Compromise

ww.BulldingScience.com

Steel studs

compromise
the thermal -
performance o
Wood studs,
not so much

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

Compromise= Risks

Ty F
i i
soF ]
N Haor i
s0F ]
|| Heor i
1 Haoe B
J oF ]

See BSD-163: Controlling Condensation

www.BuildingScience.com

- 70F
H 60F
uje
ap

= 30F

_;i1OF

L OF

Straube

© buildingscience.com
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Specifics

Wood-based siding

R-7.5 rigid insudation % %0 Mt sronby ouldooy 00 g
B3 cory Wi b g g % * Now we will look at
® ey ] — Rain Control

10 Lol esswRwror_ | | | | | 122

; Durability, Health
— Air Flow Control }Energy } urability, Healt
&

9 1
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY

Month
— Thermal Control Comfort
* |n some detail
Wood-based sking
®0 155
Buikding paper e s
- W ® L A e - - 0o &~
Exteror shest g Mean emonthly eutdoor ! £
10 cavay inslaton in wood § 40| wmpsnee I “
frama wall 2 -4
§ 0 ! ! " g
2 Dew point semp s
20 |BtISNRH 70F S e s Weagm. &7
Gypsum board with any paint or 10
APR

www.Billding www.BuildingScience.com

Month

Rain Control

* Next to structure, the most important,
fundamental requirement

Rain ContrOI * Source of many serious building problems
* Major impact on durability
* Low-energy buildings & rain

— Different enclosure assemblies
— Reduced drying ability

www.BuildingScience.com

Straube © buildingscience.com 11 of 53
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Wall System

Rain Control we | Hee

(7’ —

|
Imperfect Barrier Perfect Barrier

* Elements and joints can be
different C ) N
Mass or Drained? or Perfect Barrier
Storage Types Screened Types Types
| I }} >|
i
h
i

Less mass More mass

and lower and more
permeability permeability
( ) ()
Cavity? No Cavil Face Concealed|
Y ty Sealed Barrier
1 \
Ventilated*  Vented® Unvented

Pressure moderated®

Ventilated and pressure moderated

No building paper, flashing, weepholes
- .g“. ; 5 .

October 19, 2011

g laas

Rubble Solid Masonry

John Straube

Mass/Storage/Reservoir Walls

:
¢
'

%L |
4 5

Composite/
Layered

Rain Control 48

Surface features such as Overhangs, Drips, etc are important for mass walls

© buildingscience.com
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Categorization J°i

N
Imperfect Barrier Perfect Barner

* Elements and joints can be
different

Mass or Dralned2 or Perfect Barrier
Storage Types Screened Types Types
|
i
| ]>1 )l
Less mass More mass
and lower and more
permeability permeability

M
Cavity? No Cavil Face Concealed|
Y ty Sealed Barrier

Ventilated*  Vented® Unvented

Pressure moderated®

Ventilated and pressure moderated

It is all about joints, transitions, penetrations

www.BuildingScience.com

High Performance Enclosures

Perfect Barrier / Face Sealed
! &
2! ! "o

N
N\,

A LA
ANERN N
N

Structural Glazing Steel-Clad Face-Sealed
Foam Panels EIFS
www.BuildingScience.com
Wall System

Joints Elements

Categorization

( A

Imperfect Barrier Perfect Barrier

* Elements and joints can be L
different [ ) N
Mass or Drained? or Perfect Barrier
Storage Types Screened Types Types
|<:1 B )
|
i

Less mass More mass
and lower and more
permeability permeability
| |
i Face Concealed|
Cavit 3 No Cavi
Y ty Sealed Barrier
i
Ventilated*  Vented® Unvented

Pressure moderated®

Ventilated and pressure moderated

© buildingscience.com

October 19, 2011
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Drained Walls

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

ME
ONE
L NHE B

Lap Siding Pansel Cladding Masonry Veneer
ystems

Building Science 2008

. . Shingle lap is the best,
Requirements for a Drained Enclosure

most reliable
1. "Rainscreen" cladding ¥+/ |'|

= g

2. Drainage space > :53'

I 3

M

3. Drainage Plane = =

=

4. Flashing — =

5. Drain Opening A

(“Weep") ] Bewae vertical

installation and wrinkles!

Straube © buildingscience.com 14 of 53
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Leaky windows

* Studs and sheathing are sensitive to leaks

Window flashing is key Air-Water-Vapor

* Often thin layers

* Can be
1. Water control (vapor permeable, not airtight), or

Formable or

! >org | 2. Air & water control (vapor permeable), or
fluid applied |

3. Air, water & vapor (vapor impermeable).
Self-adhered

membranes (3

* Examples

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

www.BuildingScience.com

Straube © buildingscience.com 15 of 53
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. N > Fluid-applied products ~
A|r'Water S ;voids laps

Control Layers
Sloped and complex

surfaces demand very
high performance

Beware vapor barriers
outside insulation

Non-adhered, vapor
permeable
=modest performance

Details

* Air & water & vapor
transition membranes

Supported flexible
membrane is better

Al

ol No. 63/79

Straube © buildingscience.com 16 of 53
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Spray/Trowel Applled A|r/water

* Semi- permeable

Mixed membrane + liquid

Often use membranes
for transitions

www.BuildingSciencf

Building Science.com

Closed-cell spray

polyurethane foam: N : . ) ) I
PF 3

s ‘ g Continuity is key!

-Air Control I \

-Thermal Control

-Vapor Control [ s h R, * Must ensure no rain leaks

Airflow control should be as continuous as
practical

Thermal control

— We live with penetrations

— Minimize steel and concrete to small local
* Vapor control

— Not that important to ensure continuity

www.BuildingScience.com

Straube © buildingscience.com 17 of 53
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Air Barrier Systems

* Need an excellent air barrier in all buildings
— Comfort & health

Ai r FIOW CO ntrOI — Moisture / condensation

— Energy
— Sound, fire, etc.

* Cant make it too tight.

* Multiple air barriers improve redundancy

www.BuildingScience.com

Air moves more vapor than diffusion!

Wall 1 Wall 2 Wall 3 Alr |eakage
« Vapor diffusion only « Vapor diffusion cnly + Aif lsakage only
* Class Il vapee control « Class |lf vapor control + Class | vapor control
| |~ * Hard to save energy with the door open
oo 7 sy * Buildings getting tighter, but . . .
RH = 80% Gt RH = 35%
l ¥ — Many still leak way too much
| ;N — We can’t identify the leakers
| e — Need to test! Commission!
= - . . .
g0 g i egamaimon 22290 game I month * Ventilation: Many try to improve air quality by
= 3 tablespoons =24 cups =98 cups mcreasmg quanhty
Diffusion is rarely a big deal
Air leakage almost always is! — Target good air when and where needed

Calculations for a single stud bay, 8 ft tall, 16” wide

www.BuildingScience.com

11-10-24

Straube © buildingscience.com 18 of 53
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Air Barriers and Energy

* Requirements

— Continuous (most important)

— Strong

— Stiff,

— Durable,

— Air Impermeable (least important)

* Easily 1/3 of total heat loss is due to air

leakage in well-insulated building

73/175 11-10-24

" Drywall caulked, glued or

gasketed 1o top plate

Exterior sheathing caulked,
glued or gasketed o top plate

Cladding

Taped or sealed joints in
exterior sheathing

—— Exterior sheathing caulked,

glued or gasketed 1o bottom plate

Building Science

— Exterior sheathing caulked,

glued or gasketed 10 top plate

— Tape or sealant, over joint in

‘exterior sheathing

Taped or sealed joints in
exterior sheathing

~ Exterior sheathing caulked,

glued or gasketed to botiom plate

Bottom plate installed over sill gasket

Note: shaded components designat

signate
air barrier system Airflow Control  No. 74/79

Polyethylene

S~ Cauliking / sealant

Polyethylene

Caulking / sealant

Vapor permeable housewrap
Wrapped around floor assembly

~ Caulking / sealant

Polyethylene

Caulking / sealant

~ Polyetnylene sealed

1o inside face of
bottom plate

~ Bottom plate installed

over sill gasket

Note: shaded components designate
air barier system

Commercial Buildings: Often exterior air barrier is only practical solution

Ry LA

Building Science.com

© buildingscience.com

Poly combines air and
vapour control

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

19 of 53
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Lapped sheet or liquid-

Rigid Exterior Air Barrier s e

Rigid foam or semi-rigid
mimeral fiber insulation;
nominal 1” drainage gap

Insulation retention washer ////

Vent and drain
openings @ 24 o.c.

tant gypsum g

Intermittent steel angle to support
gusset that supports shelf angle

Bent sheet metal concrete
form closure

Concrete fioor slab or
composite deck

NAN

<
AN

Stainless steel

projecting drip flashing Top chord

Vent openings.

Light ga
(instasied si)
of I-beam)

T

Use backer rod to fill 7
deflection joint and debond ,/I/

water and air barrier (7

AN

Open web stoel ll
joist

NN

Building Science.com 77

Acoustic ceiling

Deck level vapor control membrane rarely required if closed cell foam used

Roof air barrier

Fully-adhered brane

cC board \

Two layers of rigid insulation —
(joints staggered and offset) ll

Thermal Control

37.0°Fenne SFLIR
£=0.95 Lo

/
Fully-adhered membrane air barrier ——/ { {

Roof deck sheathing —— 1 /

Building S |
Fluted metal deck

Straube © buildingscience.com 20 of 53
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Thermal Control

* |Insulation
— Slows heat flow in and out
* Windows
— Slow heat flow in and out
— Control solar gain : allow or reject?

* “cool” roofs
— Reduce solar gain

e Radiant barriers

B 1

www.BuildingScien

=

Convection She
-
|
“

1 e
y— = ¥

Thermal Insulation

e~

& D

o

FRadiation

Insulation R-value/inch k (W/mK)
Empty airspace 0.757-1.5" (20-40 mm} R20-275 0.36 —0.50 W /m?K
Empty airspace 3.57-5.5" (90-140 mm}) R2.75 0,50 W/ m2K
Bartr (mineral fiber) 3.5-3.8 (0,034 - 0.042
Extruded polystyrene (XPS) 5.0 0.029
Polyisocyanurate {PI1C) 6.0-6.5 (0,022 - (0,024
Expanded polystyrene (EPS) 3.6-4.2 0,034 - 0,040
Semi-rigid mineral fiber (MFED) 3.6-4.2 0,034 - 0,040
Spray fiberglass 3.7-4.0 0034 - 0038
Closed-cell spray foam (2 pef) ccSPF 5.8-6.6 0022 - 0.025
Open-cell spray foam (0.5 pef) ocSPI 3.0 0,040
Aerogel 8-12 0.012-0.018
Vacuum Insulated Panels (VIP) 20-35 0.004-0,008

How much Insulation

* Heat Flow = Area * (T

R-value

T

inside — outside)

* Double R-value, halve heat flow. Always.
* Optimum depends on

* Cost of energy over life of building
* Cost of adding more insulation
* Savings in mechanical equipment, controls

www.BuildingScience.com

— Steel studs (<R1)
— Windows (R2-R3)

Straube

Thermal Continuity

* Some short circuiting is normally tolerated.
* High-performance walls tolerate few

* Major offenders / weak spots
— Penetrating slabs (<R1)

* Area and low R matter to overall significance

www.BuildingScience.com

© buildingscience.com
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Best-case R-values for stud walls

25
Steel Studs @ 16" o.c. Wood Studs @ 16" o.c.

i < ><

20
o

= ClearWall
*Nominal

15
L~
<
n

10
@
>
ﬁ 5
b=
w

0 TRsa 3.5in R-13 3.5in| R-19 6in [R7.5¢l 6in| R10ci 6in R-15 3.5In|R-19 6in |R-21 6in

= Clearwall 5.8 6.0 7.1 88 | 113 | 100 129 | 138
= Nominal H 13 19 26 | 10 | 15 | 19 | 2

Source: ASHRAE 90,1-2007, Table A9.26.

¢l denotes a layer of continous insulation with no framing penatrations.

x

Are studs usually 16” o.c.?

Building Science.com

Are the studs witl

** Building Science.com

© buildingscience.com
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Thermal Bridge Examples

High Performance Enclosures
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Second layer of z-bars
should be installed
perpendicular to the first
layer; orientation of the two
layers will depend on the
requirements of the
cladding attachment
system.

Steel studs

Sheathing

- Metal panel

\ First layer of z-bars embedded in the
insulation layer; should the first layer be
installed horizontally, the exterior leg
should be turned down to promote
drainage to the exterior.

WAL DUNUITE SIS L Lot

Steel studs
Sheathing
Fully-adhered air and
water control layer
[Continuous insulation
layer
Cold
formed
hat section
Cold
formed
clip angle
\
\
\—Cold formed
angle

\,v

\

Metal panel

STOFIX*LEVELING SYSTEM ASSEMBLY
HORIZONTAL
RAN SCREEN

MODULAR SIZES: 23" O 46T F.OP.

Straube

WALL BRACKET
T e oRE”

MODULAR STZES: Z3}" OR 461" FOP.

/
WRB, NOT BY kWS —

© buildingscience.com
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T il

Fully-adhered air and water
barrier, lapped at joints

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

1" drainage gap

Insulation retention washer
(depending on insulation
type)

Vent and drain 2
openings @ 24" o.c. \

Stainless steel .
projecting drip flashing ™\

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

Vent openings

deflection joint and debond
water and air barrier

v

N

A

/'/
: v
Use backer rod to fill 5 &

N| L
AN\

N

Z

Ve

Furring

Gypsum
board finish

- Small metal clips
dramatically reduce

October 19, 2011

Windows

Our most expensive thermal bridges
Aluminum is 4-5 times as conductive as

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 I
glazing
centre of glass s 3}/3::‘;
edge of glass e’,ﬂ
Building Science 2008 ’ | ! .

Building Science

High tech? e = Low tech?

[ ——
Building Science 2008

October 19, 2011

e WG

Thermal Break

* Critical for alu windows

e %" should be min
thermal break

& Polyureshans

H
[

Theesmpen it

Figure 4: Frame U-Value vs. thermal break thickness.

100

Com 7 Comn 3 Canw
035 n Bonmal bk 05 e e, £77 i e b

Tl trask

Conm

[

© buildingscience.com
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Spandrel: glass, metal, stone, \
etc. cladding; air space; insulation,
metal back pan, air barrier

Firestop insulation, smoke seal
and compartmentalization seal

*Spandrels are not
very effective

*R15 Insulation in
typical spandrel
provides RS

Kawneer

S e

Building Science 2008

Windows and Curtainwalls

No. 10380

Sealant for air control —— Aluminum window
layer continuity
End dam (shown
/ beyond)
Metal angle to receive L R
membrane back dam \
\\l Problem
Steel stud framing
Thermal flanking
2X wood blocking
Thermal control; extruded Brick veneer
or expanded polystyrene,
polyisocyanurate, rockwool
Water, air and vapor control 1
layer
Exterior sheathing 7;a
Interior finish » y Solution
Sill beyond -
Metal brake
Carry membrane shape over
onto curtainwall a rigid insulation
shoulder, seal and
¥ f Sealant and
mechanically I
clamp in place. backer rod
Thermal control
Water, air and e (insulation) layer
vapor control
membrane e
Double Glazing, Centre of Glass
4.5
GAS FILL IN GAP SURFACES
— — A
40 — — - Argon 1 3
\ ------- Krypton 2 4
4 Outside Inside
35+
i, el S
2P s T v
8% s ~ =" = = nocoatings
B 254
-
E 8 20
ES p— i =
3 v 3 ~ _ _| __ — —coatings
S oTueEe——— \'."" R4
- | e=0.100n surface 2 or 3
’ | (e = 0.03 available commercially)
0.5 H
|
Y Y
0.0 T I | T I T T T
0 5 o L 15 20 25
LS g A ' ™
- Gap Width, mm
Visionwall
www.BuildingScience.com

Straube
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,
‘ Triple Glazing, Centre of Glass
Very thin layers of ———————— i GAS FILL IN GAP SURFACES
metal —_——— Air d 4
4.0 — — - Argon 2 5
------- Krypton 3 6
Outside Inside
35+
Gas fill ‘ gR
& ‘E’ 25 \\
1 "
Glass or suspended : % \ \\
film E S i TS
£ 520 2 5 R
) - -
Spacer o i == no coatings
154 R
Dessiccant —————————— . ~ — R5
1.0 . — e — .
I i — -coatings - g7
0.5 \
e=0.10 on surface 2 or 3
(e = 0.03 available commercially)
pa T e 1% Ja i
Pri lant; 0 51 i e 20 25
b‘:':y':ary Sedlany Secondary sealant; e.g. g J’é W':ll?h Yy 1
polysulphide, polyurethane, BRI v
silicon
www.BuildingScience.com www.BuildingScience.com

Center of Glass [COG] Parformance®

Industry Leading Performance  U-Volue R-Voles  SHGC vT

AlpanGloss+™

U-Value

Pramiyam Performance Glaxing

U-Value R-Vialuo

Courtesy of ThermaProof
Windows and AlpenGlass+
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Solar Gain

* 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

High Performance Enclosures

October 19, 2011

Chriesbach Building:
Switzerland

Fully operable shades

il
| l
HHHHHH I
AR
ALY

High R wall, 40% glazmg (tr|ple)

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

14 %

|/13% _\IQ7%
/I\ 9
O
2% 1% 16%— 1
46%7 2_7.%Ts4% f
13 % %
) 48% T P
86%

Building Science.com
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heating load (KWh'ap

13008 - Um0 21 (R2T), SHGCS0.41
- Um0.38 (R16), SHGC=0.42

Lm0, 8T (R10), SHGCR0 448 /
10000 1 @ U=099 RE) .SHGC=0.52

-l U=1.56 (R4) . SHEC=0.51
== L=LT (R} .SHEC=0T

:

% glazing of proposal

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

Teaal HeatingiCooling Ensrgy (KWh'a)

E

£

g

H

O Cooling Load (|atent} (kWhia)
B Cooling Load (sensible) (kWhia)
W Heating Load (kKWhia}

Solar gain is
useful if
controlled

Appliances
reduce
heating
Automatic
Exterior

blinds kill
cooling

Mass can
matter for
low energy
houses

CASE1

CASEZ CASE 3 cAsE 4
Figure 3.6.1 b: ESP-r simulation results for the refined house model.

CASES

8 = 4 ¥

R

Effective Overall Wall R-value (hr sf Ff Btu)

S

=+=1. Uwindow=0.5, Rwall=6
=2. Uwindow=0.5, Rwall=11
=3, Uwindow=0.5, Rwall=16
=4, Uwindow=0,35, Awall=15
== 5. Uwindow=0.340, Rwall=40
=6, Uwindow=0.14, Rwall=20

Window-to-Wall Ratio (WWA) %

www.BuildingScience.com

o
e 1r e RE2, i fvicryl lonubile glazed e
26 wood sted REEA” polyise, vimtfwood double glased lows Agon
== e wood A2, winyl/wosd doubile glised low-a acgon
5 ==

Building Science 2008

== 2xf wood K21, 1.5 pokyiva. wevyliwood doubie glaned fow-# srgon

~#=2xt wood shad 21,1 extuded pobystyrene, fherglass triphe glazed low-e
frypean
8 2xf wnod stud R21,4° polysa, Hberglass trple ghazed low-e krypton

Winderw to Wall Ratis [WWR %]

Windows and Curtainwalls  No. 11680

© buildingscience.com
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More Windows means more energy consumption in a cold climate

200
® Space Heating ™ Cooling  Lighting ™ Plug Loads ™ Pumps & Fans * Servers  Cooling Servers

s
175 pr
<
1] ? -
10
13
E 125 -
z 10
o
§ " - ;
& > 14
]
g
£ 50
25
0
30% 60% 100%

Window-to-Wall Ratio

Enclosure Systems

b Insutation — extruded —
. @XPANGOd polystyrens.
le. (ock wool, fiberglass

o o¢ trowel-on oe speay

el or wood furring

d

L Of VapOr semi-
b taxtured wa fiinish

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

Balance Cooling & Lighting

Cocling Lighting Total

| U=0.60, SHGC=0.60, VT=0.63

1
|

| U=0.60, SHGC=0.60, VT=0.63

| 1

iRl

U=0.49, SHGC=0.17, VT=0.10

| U=0.20, SHGC=0.22, VT=0.37
| | I oL |

C i " 3 am L L 5 = "
Wincicw-ic-fial Astio Winclow-ao el Fame ‘Windowio-Wall Rusie

Source! Carmody et al. Windows for High Performance Buildings

i Stoel studs
Brick, masonry, terra 100! 8t

cotta, fiber cement,
metal panel, etc.

Taped and painted
yPsum wall board as

interior finish

Vapor control as required

Spray-applied frous o
foam insulation in stud
5pace ((optional thermal)
Fully-achered water and

air control membrane

{Air and water control layer)
Continuous insulation layer
of mineral fiber, EPS, XPS,
polyisocyanurate or CCSPF
(Thermal control

B oints in sheathing

Primary Structure

ww.BuildingScience.com

© buildingscience.com
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Straube
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Brick veneer/stone veneer ——»|

Drained cavity

Exterior rigid i ion — extruded

polystyrene, expanded polystyrene,

rock wool,

Membrane or trowel-on or spray
applied drainage plane, air barrier
and vapor retarder

Concrete block

Metal channel or wood furring

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

-

Building Science

Vapor Profile

—)

Enclosures No. 127 /

Straube

© buildingscience.com

Interior finish-whatever
Structure: Concrete Block
Drainage Air Vapor Barrier: As
Rockwool Insulation

Finish- whatever
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Witsé Lawrier
Univenity
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Steel studs
Sheathing

Fully-adhered air and
water control layer

Continuous insulation

Cold
formed
hat section

Cold
formed
clip angle

:

\
- Metal panel

\

\
\—Cold formed
angle

High Performance Enclosures

October 19, 2011

Steel studs

Sheathing

Second layer of z-bars
should be installed
perpendicular to the first
layer; orientation of the two
layers will depend on the
requirements of the
cladding attachment
system.

\ Metal panel

First layer of z-bars embedded in the
insulation layer; should the first layer be
installed horizontally, the exterior leg
should be turned down to promote
drainage to the exterior.

Synthetic Stucco: EIFS P

2x6 wall @ 24"oc.

Taped and painted /s
gypsum wall board as
interior finish

Note: this is a drained EIFS

Concrete fioor

Vapor control layer as
required

Spray insulation in stud
space (optional)

? ~—— Exterior sheathing

Fluid-applied drainage
ane

(Air and water control layer)
3"10-12" EPS insulation

Glass mesh reinforced
lamina and synthetic
stucco finish

© buildingscience.com
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Stucco ———»

Insulation ———»

Drainage Gap

Fibrous cavity
Insulation

Single top plate
2x6 stud wall @ 24" 0c.
Taped and painted */v"

gypsum wall board as
interior finish

Sheathing

Structure

Drainage Plane

Corrugated spunbonded
polyolefin (SBPO) air and
water barrier

Latex paint (Class IIl) —,
vapor control
Tape joints in sheathing

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

1x3 furring strips

Fiber cement lap siding

Fiberglass
insulation at rim
joist

apped to provide drainage
plane continuity; taped for
air barrier continuity

core

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

layer

Taped and painted
gypsum board as \
interior finish

Reinforcing steel as —.

required Be

Cast-in-place concrete \

Concrete and foam
acts as vapor control N\
N

4

Insulated Concrete Fq

Excellent thermal control
Concrete acts as air barrier
Rain Control! Drain all penetrations

No vapor barrier needed

i s
=Y 7 + \\\\
[ p 4 \\\\—.

A

Building Science

Straube
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Vertical stiffener

\

\
Taped and painted 3 N ~—— 0SB exterior
gypsum wall board as \\ N Pl panel
interior finish \

3 / / Water control

OSB interior layer (vapor
panel X permeable)

_— Wood furring
Rigid insulation —
N — Cladding
Water table
s Vented mesh
\\\\ Insect screen closure at base of wall

Metal flashing

Building Science 2008

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!

Building Science.com

October 19, 2011

Beware Joints
No vapor barriers

functions
Finish (paint)

Same material fulfills several »

Insulated metal panels

*Can be high-performance low-
cost system
*Use thicker panels (4-8”) and/
or hybrid with interior fibrous
insulation
*Great for arenas, pools,
warehouses, big box stores

~* Protect from impact at grade

Control (metal, foam)
Support(metal+foam)

© buildingscience.com

36 of 53



PG&E Seminars

High Performance Enclosures

October 19, 2011

Curtainwall: Anatomy & Jargon

Neoprena sailing —
lock e
- Weep hole
"~ Tharmal brak
Snag cap
Prossuio plate
EAp Bohow
Intarior hrsmae; - Prassune plabe
tubudar or spli y
/ Extianior gashed
Intariar gasked 4 oF lape
or tape .
insudated giazng
unil

Structure

Structure could be steel, wood,
concrete, etc. '

Rain Control

Raim Shedding

Drainage Plang

| Drainage Path

Straube

© buildingscience.com
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Air Flow Control Thermal Control
Thermal Break is the most critical heat flow

control item in Aluminum systems
More important than glazing!

Thermal Control

Air Barrier
Building Science.com Building Science.com
AR AL
ALY
. MALID Cuane
=
L gl TR ALK fouT
Pl ag Ha L
ARSI AT
wacwe
AL hadT
iy st pa
s
el
Fatall
uer s
SRLATICY
Building Science Windows and Curtainwalls  No. 15280
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Details

* Integration of penetrations and transitions is
critical
— Must maintain continuity of rain, air, thermal and
vapor control through the transition!

<i); nominal
ap

— Exposure and performance expectations guide
designers level of compromise

ention washer I
n insulation —l

in
24%oc.

ol
p flashing

upported on
lached to

S

-
ildi i od to fill
www.buildingscience.com s www BuildingScience.com
barrier
[ Parapet Tashing Parapet flashing \
Fully-adhered water f Grout and reinforce Fully-adhered water ——— |
control membrane \ parapet CMU as per o) mambriok \

structural requirements.

Note: No deck-level air or vapor
control layer is needed as reinforced
‘concrete acts as both. All joints and

7 Fully-adhered air, water, and
4 penetrations, however, must be air Air barrier transition s

[ r e mbrand
sealed at the deck level. membrane | vapor control membrane
Fiberglass batt or / / - Extruded polystyrene
Cant spray foam / insulation
~ Perimeter of roof insulation wrapped Slope 1o drain
in air barrier to block airflow from roof Water, air and vapor min. 1%
10 parapet control membrane;

)/ Fully adhered roof mombrane xfmzﬂr achernd
Min, two (2) layers insulation; joints transition membrane;
sta honzontally and vertically air and water control

Optional fiberglass
batt insulation

Water, air and vapor ——
control membrane;
preferably fuly-adhered

Backer rod fills gap -

Peel and stick

Peel and stick
transiion membrane; transition membrane; 3 Open web steel joist
7
air and water control Doltecion spece air and water control
Deflection track allows space

Backer rod to f8 for sheathing to move

deflection joint and Water, air and vapor

‘debond water and air control membrane; - Spray fibrous or foam insulation

barrier preferably fully-adhered (optional; climate

Straube © buildingscience.com 39 of 53
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Parapet lashing

Fully-adhered water Slope parapet

control membrane cap
—_—

—Cant
/ — Continuous air control membrane
| (vapor control optional depending

on climate)
A hariac tmnation Fully adhered roof membrane
— Min. two (2) layers insulation;
joints staggered horizontally
and vertically
Water, air and vapor % >
trol membrane;
TR e S
%ﬂf - =
v o
P, ‘
%
7
%
v
%
M | “The Ugly” “The Bad” “The Good”
W L Open web stee joist gly e Ba
Zd- i .
—— Spray fibrous or foam insulation Intermediate supports
(optional: climate dependent)
Fully-adhered air and water ] NG
barrier, lapped at joints 7 /A ] L
Continuous thermal insulation § i
(XPS, EPS, PIC, ccSPF, = P Funig
'semi-rigid MFI); nominal .
1" drainage gap A
Insulation retention washer >
(depending on insulation h |
type)
Vent and drain ,/ z
openings @ 24" o.c.
Stainless steel
projecting drip flashing - g
Shelf angle supported on —
stand-offs attached to
cast-in plates
| ey Vent openings / |- Gypsum
- | | / e board finish
. ' . Use backer rod to fill 1
F 1 deflection joint and debond '/ N
. Small metal clips i 1% water and air barrier A
dramatically reduce 7/
thermal bridging : =

Straube © buildingscience.com 40 of 53
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Lapped sheet or liquid-
applied water and air barrier

Rigid foam or semi-rigid
mineral fiber insulation;
nominal 1" drainage gap

ion washer 1
Vent and drain ——
openings @ 24" o.c. \
Stainless steel O
projecting drip flashing ™\
Vent openings o

gypsum

I — Concrete floor slab

_—— Intermittent steel angle to support
/ gusset that supports shelf angle

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

Lapped sheet or liquid-
applied water and air barrier

Rigid foam or semi-rigid f
mimeral fiber insulation;
nominal 1” drainage gap

Insulation retention washer -

)
Smonins & 5t oo\ W

Stainless steel O
projecting drip flashing

Vent openings.

vz

Use backer rod to fill ” A
deflection joint and debond (LA

water and air barrier 7//

Moist tant gypsum

~Intermittent steel angle to support
gusset that supports shelf angle
Bent sheet metal concrete
form closure

~—— Concrete fioor slab or
composite deck

Top chord

Light gax
(ins
of I-beam)

talied si

Gypsum board —X
\\ )

Concrete block

Brick veneer

Airspace

Fully-adhered airwater/
vapor barrier

Furring ———————

joist

Open web stoel

o=

Acoustic ceiling

Rigid i

Transition membrane with
6" (150 mm) overlapped
shingle-fashion

Water resistant barrier
adhered 10 substrates

Web plates cast info slab

steel shell

C
angle and steel bracket

j— Sealant

Weep holes at 24"
(600 mm) o.c.

'i" (6 mm) dia. rod welded
1o underside as drip edge

Protection board over
rigid insulation

© buildingscience.com
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Concrete block

Gypsum board finish

Hat channel

Low expansion foam
around the frame as
air barrier

Window

Wasonry veneer, stone
or precast

Water control layer (drainage
plane)

Drainage gap

Insulation

Floxible transition membrane
overlap and adhered to
metal flashing

Upturned flashing beyond
Jamb to form end dam
Drain holes a1 24" (600 mm) o.c.

Prefinished metal fashing with
drip edge

0.75° (19 mm) min

Backer rod and seaant

Building Science 2008

Straube

High Performance Enclosures
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Concrete Block Drainage Plane
Structure (Sheathing Membrane)

Self-adhered

flashing

Building Science

Formable
flashing

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

Subsill flashing
w/ end dams

D R —

pre-shimmed glazing

tape air & water seal
Metal angle
backdam & anchor

Finish

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

© buildingscience.com
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[Bub-sill flashing +— Window
and upturn
E;le%rti’or rain Interior air seal
sl ing sealant;
provid:a aleeps I—— Metal angle backdam
/— Precast sill with Synthetic stucco receiving qu:lrl:lich_
:gzg(ral end- and rendering wrapped stucco sub-sill flashing
G board . M -dams around opening
ypsum s * Sy creating sub-sill
& A flashing i
NN 3
Fill block with . |
grout as required Adjustable tie with |
by structural / insulation retaining !
engineer washer i
U 4
b a
Spray or trowel a A&
" applied airivapor/ (S T L
Horizontal joint water barrier ¢ ly
reinforcing as ! |
required = - Airspace t s
www.BuildingScience.com
Architectural
Precast: Punched | Curtainwall Integration
WWiBdoWnembrane as———— Plywood blocking
drainage plane protected by
preformed metal flashing Metal angle backdam
Sealant on backer rod
as rainscreen with drain N

holes @ 36 - 48" centers

Mechanically
clamped inner water
& air seal continuity
Structural clip support
@ 247-36" o.c. ;
Drip-edge
ol | _ Steel stud wall rainscreen transition \
Precast panel — .
<+——— Gypsum board Membrane air &
Air-impermeable spray » water control
or board insulation with v transition membrane

Finish

joints sealed

www.BuildingScience.com
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www.BuildingScience.co

/— Toincrease the perlormance of e
seal, an optional heel bead of caulking can
e added betore the glass s set in place
% blocks at ' points of per
manufacturers recommendatons;
/" e sating blocks must be wide
8nough 10 5upport e full hickness
of the sealed un,

www.BuildingScience.co

Straube
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Steel stud wall -

Air-impermeable spray Gypsum board —)
or board insulation

Note thermal continuity

Spray foam airseal

Flexible transition

membrane for air

and water control
) continuity

- Sealant on backer
_ rod as rainscreen
.................... e
< SN —
3 2 S LB |
SR A v v g : Curtainwall frame
% ] Solid blocking
Precast panel (installed
first)
Line of outer sealant seal /
rainscreen joint

Line of inner seal air control and ———
drainage plane water control

www.BuildingScience.com
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Mullion
Sealed glazi
b glazing /

— Perimeter heating
Snap cap 9 / endlosure
Drainage path

Pressure plate
Formed metal
base

Alr barrier membrane
tie-in

Rigid insutation
— Concrete curb
Waterproot e JEZINE
mombrane 3 -4y
Exterior a =
grade
a4 a 44 4
g 2 2
A A & a2

www.BuildingScience.com

|~ Top of flashing 1o be

Building Science 2008

Balconies

Insulation and Thermal Bridges No.
188/65

Straube
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Precast balcony supported on knife edge
supports to limit thermal losses

Straube © buildingscience.com 48 of 53
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Fully-adhered air and water >
barrier, lapped at joints

Continuous thermal N

(XPS, EPS, PIC, ccSPF,
semi-rigid MF1); nominal
1" drainage gap

Stainless steel
projecting drip flashing

NN
==
R

— Furring

Y

WY

. Precast /
< concrete ="
J/ balcony

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

/'/

Vent openings

- Gypsum

board finish

Use backer rod

Insulation retention washer

(depending on insulation
type)

A

to fill deflection
joint and debond
water and air
barrier

High Performance Enclosures

October 19, 2011

Tu=0815075

5 el
;4 _5.';. s,
(s}

Bafesoy afal consarlion wirh Schick Dkork® ype KSOCVI0aade  Inotheemvale i cansectian b Ih fefT aide
ptn

www.buildingscience.com

Straube

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

© buildingscience.com
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Perfect Roof

Drainage mat
Ballast (rock,
08 95! % 4 pavers, earth)
< Filter fabric
<« Extruded polystyrene
Insulation

< Sloped planar
structure

Fully-adhered roof
membrane

197

October 19, 2011

Planting Medium
Concrete Curb or Paver
Gravel

Drainage Space

Root Barrier
Insulation

Drainage Space
Drainage Plane

Sioped Concrete Topping
Precast Structural Deck

Building Science.com

Building Science.com

Good Compromise

100521_Flat_roof_insulation.ai

Fully-adhered roof membrane —\

Cover board
Two layers of rigid insulation —, \
(joints staggered and offset) | N

f
J { |

Fluted metal deck - &

Sheathing ———————

Fully-adhered or liquid-applied :
air barrier

Membrane futters

Building Science 2008

Straube
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Parapet lashing

Fully-adhered water ——— |
control membrane \

Fully-adhered air, water, and
/ vapor control membrane

Air barrier transition
membrane

Fiverglass batt or— e | | / /— Extruded polystyrene

spray foam (22224 [ insulation 5

/ / lope 1o drai
Water, air and vapor— 2 ﬁno‘%am
control membrane;

preferably fully-adhered 77777
Peel and stick p 7

ransition membrane; (Al
air and water control

Optional fiberglass
batt insulation

Backer rod fills gap -

Peel and stick
transition membrane;
air and water control

Open web steel joist

Deflection track allows space
for sheathing to move

Water, air and vapor 20004
control membrane;

preferably lullraa'wred V.

- Spray fibrous or foam insulation
(optional: climate

Roof insulation ——

Insulation wind baffle
2" minimum space  ——___

Water protection
membrane — —__

Continuous /'
soffitvent —

Vinyl or
aluminum siding

Rigid Insulation

(taped or sealed joints) — P V|

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

Attic ventilation
& R '\"’T‘“I

| )| |

|

AT NI
AR ANANANARANN
Iu' | R60-75 economically available 'q‘

JLX XX AR AR AL L))

i
“— Gypsum board with vapor
semi-parmeable (latex) paint
=~ Consider increasing depth of
insulation by using deeper
trusses or oversized (longer)
trusses

T— Caulki I
or spr;;/gfg;r:sszgm

Gypsum board with permeable
(latex) paint

“Perfect” Pitched Roof

Shingles S
Roofing paper \

\\\
Minimum R-50 rigid insulation —
in two or more layers with horizontal ™~ \\
and vertical joints staggered g

Nail base for shingles (plywood or OSB) ~
serewed through rigid insulation
to wood decking or timber rafters

Air barrier membrane 5

“~— Wood decking

"~ Timber rafter or exposed Joist

www.BuildingScience.com
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High Performance Enclosures

Roof insulation ———__

Insutation wind batlie

2in. minimum space ——_

Viater protecion
membrane {ice-
dam protection

where required) -

Continuous
softit vent ——

Vinyl or
aluminum siding

Rigid insutation
(taped or

sealod joints) ————

Canity insulation
with vapor diffugion
retarder backing ——

(taped or sealed jonts)

~—— Gypeum board

——— Caulking or saalant

— Jl«———— Gypsum board

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

Straube
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Straube

High Performance Enclosures

R40+ roof, fire protection

Roof cladding

Roof underlayment

3" CC spray foam
(R-19.5)

6'/," spray fiberglass
(R-21)

R40 10” TJI Cold climate Solution shown
R50 12” TJI with 4” ccSPF (R24)+ 8” FG (R30)

Building Science.com

Roofing -

Lapped peel & stick membrane as drainage plane -

0SB sheathing

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

Lapped peel & stick membrane as air barrier
0SB sheathing

Netted and blown cellulose insulation (R-32)

Residential R60+ Unvented Roof

1x3 strapping
Gypsum board
Cardboard baffle

Aluminum trim details

www.BuildingScience.com

Summary

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

* Provide continuity of control layers
— details

* Select high levels of performance

www.BuildingScience.com
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