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The old faithful

Pitched and Ventilated Attic Roo!
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Unvented Roofs

« Background
— Desire for unvented roofs
— Code R-values are increased and enforced

—IRC/IBC now have different rules for vapor
control and unvented roofs

» Computer-model study
— Focus on vapor control
— Consider impacts of air leakage

Building Science.com

Roof insulation

o Continuous ridge
Insulation wind baffle ventilation >

2" minimum space

Water protection
membrane

Gypsum board with vapor
semi-permeable (latex) paint

Continuous ot 3
Consider increasing depth of
soffit vent insulation by uslng%eegef
trusses or oversized (longer)
Vinyl or trusses
aluminum siding —————> Caulking or sealant
Rigid insulation Gypsum board with permeable
(taped or sealed joints) (latex) paint

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

Increased R-value w/interior insulation

Insulation wind batfle
2 In, minkmum Space — —~—

Water protecton
membrane (ice-

cam protecton
where required) ~

Canity insulation pd 3
with vapor ditfusion o
retarder backing
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Ventilated Cathedral Ceiling
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Hard to Vent Vented Attics

» Ductwork placed in ventilated attics!
» Complex roof shapes hard to vent

(Conmventional) Versiated Attic Urvented Cathedratzed Asic Urivented Cathedral Cesing

Building Science.com

Unvented Cathedral Ceilings Unventilated Cathedral Ceiling
* Not absolutely necessary to vent if airtight and @
vapour tight material in framing, (7 Jomsaces asaten

— e.g. spray foam
— beware thermal bridges
« If no wetting, little drying required
— Demands high performance
» Or warm surfaces
— E.g. air impermeable insulation on exterior

— Airimpermeable insulation in framed cavity / (@) wawicr et /

'/g\' wiler (el maTene &
o/ Gnanage gap -
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Straube © buildingscience.com 30of12



Moisture-Safe Unvented Wood Roof Systems

Unventilated Cathedral Roof

Exampile of Pitched and unventilated Cathedral Ceiling Roo!

(@) s

WIS eSEIAY! MrerTrane &
5)  oanagege

Vented cathedral
Simple gable roofs
Is it airtight enough?

Unvented roof for more
complex roof lines
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Unvented-vented hybrid

Example of Pitched, Ventilated, Exterior Insulated Cathedral
Ceiling Roof

| system
item

tion
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Grpsum board
Latex paiet

Roo shnghes
Reoting et
Root sheathing
14,7 XPS toam
2 X5 am

Low dansity spray foam

Arspace

Gypaum bowd
Lo paiet

IRC Required R-values

* Must meet the code minimum’s

* Installed R-value
—Zones 1-3: R30
— Zones 4-5: R38
—Zones 6-7: R49

Building Science.com
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“Ottawa/Toronto/Montreal: 6 Vancouver / Windsor: 5
Calgary/Edmonton/Quebec: 7 Halifax/St Johns: 6
— . Moisture Study

* Investigate vapor and air control

o ‘ , requirements of unvented roofs in all climate
zones
- 5] o3 = 1 A * Hybrid insulation of particular interest
-\ s « WUFI 4.0 Modeling
i - : o gl
A f Alaska in Zone 7 ancept 1or the followieg Borsughs in Zone B mmmu S, Nome Norh Slape. Norfrwest Arctic. Souteast Fartanks, Wade Building Science.com
Simulation Matrix Geometry
= o * 3-in-12 roof pitch
DOE Zone & City Required “) Insulation Type . _ H
a2) i ® North-facing
1 Miami 30 Dark asphalt Spray fiberglass (1.8 pcf) _
I SoSPF  spray fibey worst case, least solar
2A Houston 30 Tile (ventilated) glass 1
2B Phoenix 30 Light metal 1" ccSPF + spray fiber glass * ROOfI ng
3A Atlanta 30 Cedar shakes 2" ccSPF + spray fiber glass — Dark color Shing|e3
3B San Francisco 30 Full-depth 0cSPF
4A Kansas City 38 Full-depth ccSPF — Light colored metal
4A Boston 38 Kraft-faced batt i .
4C Scattle 38 Full-depth cellulose — Tiles: dk red, back ventilated
o 5 — Cedar Shakes: Store rainwater!
6A Minneapolis 49
7 International Falls 49

Building Science.com
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Interior RH Levels

* Very important!
* Depends on ventilation, occupancy, and
exterior conditions

* Chose EuroNorm 15026
— More straight forward
— Matches our field experience

* High moisture level is normal for maritime
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Material Properties

* Mostly choose default values from WUFI
database

 Specific properties of spray fiberglass and
open and closed cell foam from
manufacturers

Building Science.com
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Interior RH Levels

High Moisture Level

Normal Moisture Level

Interior RH (%)

0 10 20 30 40 50 80 70 80
Exterior Temperature (F)

Building Science.com

Interpretation

» Choose Moisture Content of inside 1 mm
(1/16”) of OSB sheathing

— Extreme case
— Framing always drier

» Classes of moisture performance were

selected Class 0SB MC Conditions
0 Below 16% all year
1 Above 16% 1 week or more
2 Above 16% 4 weeks or more
Or above 28% 1 week or more
3 Above 28% 4 weeks or more

Building Science.com
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RESULTS Diffusion Only
i TEEPFT LA e o o e
tomegan sray  Pbdegth  fterjass  speny soray weay  Fuldepts
For North-facing 3:12 pitch wood roof (18pc Cebose  Soengiass  0cSPF o Sargass | Towgiess  Meghss coSPF
Ew::f!_‘mﬁ'
A Marms » Thes 0 [] [] NA 0 NA NA NA []
L bt 0 0 0 NA 0 NA NA NA 0
2A Mouston x On Asgrant 2 [] 0 0 0 NA NA NA []
Thes. 3 2 0 NA 0 NA NA NA 0
B Phoens » Thes 0 ] ] WA (] [,/ RN " VENNNN  CHNNNNET: PR
» umes I 20 0 0 0 0 NA NA NA 0
ET ) % Ox Asgren |21 20 z__T 0 0 A WA WA ]
x San Francisco 30 Ties 2 1 2 2 [ NA NA NA []
D Asghan 1 (] 0 0 o NA NA NA 0
L Metsd 3 2 3 3 0 NA NA NA 0
W KamasCey 3% DuAsphen T2 [_w ] WA WA ]
Lt Metad v3 21 0| W] mA 0
“ Saame M O Asphan 21 ) 0 NA ()
11 Matal 3 33 ¥z 3 I w0 NA NA
Codor Shakes |33 22 2 0 ) NA NA 0
@ eowen = OxAwne [ 0 A NA (]
Lt Mt 3 £l 20 NA NA 0
BA Chesgs 38 On Asphan TNA | NA ) ] (7] ]
Lt Metal NA [ ) 0 0 0
0 Bouider ¥ Oc Asghat i A 00 0 0 [ 0
U Metad [V T ) 0 o0 0
GA Meesccls @ Du Ashet 22 WA 60 | 0 o0 00
Lt Metad M [T T g T 20
TA e Fam L) TNA [ NA | 00
Lt Metal NA A YT w1 w -
Tegend G5B Mosture Content. Woner aper
0~ Below 16% oll year Results are for High moksture interior conditions # a single number s given
1 Above 16% 1 week Rosults are for High/Normal moisture infenior conditions # reporied as XY,
2 - Above 16% 4 weeks Color represents performance under Hgh INterior Moisture condtions
- Above 26% 1 week NA Means smaulations were not conducted - Cokr represents estimated exirapolation
3 - Above 28% 4 weeks See paper for defintions of HighNormal maisture loads.
Indicates danger of ot nomial moisture kevel
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Hybrid Code R & fire protection

Cold Climate R38: Zone 4/5
R49: Zone 6/7/8

Roof cladding

Roof underlayment
3" ccSPF (R18)
47 (R24)

v
55" ccSPF (R20)
7" (R25)

Building Science
No. 27/65

BEST2-Portland, OR

Full ccSPF roof

Zone 4-5: 6”
Zone 6-8: 8”

0OSB/plywood
sheathing

— 6" (R38) - 8" (48) ccSPF spray foam
Gypsum board

+fl————————— 2x6 wood frame

Drainage plane —————»| - 3.5” spray cellulosef/fiberglass

+—— 2" HD spray foam

Note: rafters insulated on the inside

Building Science.com

Air Leakage

* Its not all about diffusion

+ air leakage is more important
— But level of leakage varies

» Design value is zero leakage
— But we know roofs leak some air.
— How much?
— What paths?

Building Science.com
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Air Leaks - cathedral ceilings Air Leaks: Monthly Calculation

s | Compare interior air dewpoint to exterior sheathing temperature
[cid:fﬂ{ Air leaves via accidental \
openings of intentional vents \ “ 100 ‘ |
i) 9 | - 1 Mean monthly ‘
Air flows theough ventdation——, 17 outdoor temperature
gaps, air permeable insulation 80 Pt NG L. First surface

or accidental gaps / \ \ | temperature (underside of |
roof sheathing) if R-5 rigid
or / 2N I I \ insulation is installed over |
60 - . Dew point temperature. N roof deck - / |
at50% RH, T0F — 1| \ //
50 N

-.-.-.h/.{---.

o

" Fibreglass batt insulation

Temperature (°F)
5

— Painted Drywall \
30 — - Dew point Al
— Warm moist interior air leaks at40% R.H., 70°F —
into roof via accidental crack 2
91 opening 10
Warm interior - higher air

pressure than exterior 0

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

Month
Building Science.com Building Science.com

Hourly: Denver, Normal Load Air leakage condensation

Some Condensation occurs, but risk is moderate « Potential hours of condensation
° 1 I | I 1 | T ccsPF 7 cosPF Krafi-faced batt T cosPF
Foam Temperatire  — Dewpoint Tompersture ! . L Ronsel g g g

Legond Less than 100 hrs per year N'S - not simulated

Less than 1000 hes per yr Qver 1000 hrs per year
s 2 s 5 e - x i Recommend 3” ccSPF in Zones 4/5, 4” in 6/7, more if high RH
i 3 Time (days) Building Science.com
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Hybrid Roof Insulation IRC

* IRC 2009
TABLE R806.4
INSULATION FOR CONDENSATION CONTROL
CLIMATE ZONE MINIMUM RIGID BOARD OR AIR-IMPERMEABLE INSULATION R-VALUE *
28 and 3B tile roof only 0 (none required) ccSPF
1,2A,28B,3A, 38, 3C ¥ 1
4ac z
4A 4B 25"
5 3+
6 4+
7 5
8 6
Contributes 1o but d
... or all airimpermeable insulation
Building Science.com 33

Thanks & Questions
M|

Johns Manville

U.S. Department of Energy
Research Toward Zero Energy Homes

» Johns Manville sponsor

®
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Conclusions

* Unvented cathedral ceilings can be used in
all climates

* Full-depth ccSPF works in all climates

» Pure spray fiberglass/cellulose not in most
climates

 Hybrid (fibrous+foam) can work well in all
climates

* More air impermeable insulation R-value
needed as climate is colder

Building Science.com

Potential Backup Slides
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OSB sheathing

Scupper 4/‘ ]

Two layers OSB
High density spray
foam insulation

Polymer modified (PM) or —»|

traditional cement stucco

Metal cap
18" wide membrane strip under

parapet folded down over exterior

osB
Coping wedge
osB

Rubber roofing
membrane \

T

Metal lath

Building paper bond b

over drainage plane

Building Science.com

K

Gypsum board with semi-
permeable (latex) paint
Cavity insulation

Sealant, adhesive or gasket at
top plate

Caulking or sealant

Cavity insulation

BEST2-Portland, OR
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Warmer climates

Low density spray foam insulation

Asphalt shingles

Roofing paper -

Roof sheathing

Raised heel truss e
Rigid foam, or comparable,
as backdam

Soffit

Roof underlayment
sealed to drip edge

LGypsurn board with latex paint
(acts as thermal barrier separating
i space from i

space)

Building Science.com
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Joseph Lstiburek — Roofs 40
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Vented vs. unvented shingle temperatures Ventilation & Roof Temperature

Roof Surface T D ion - C i of Different Roof Strategies
(2005.04.11-2005.05.16)
180
DAttic, Poorly Ventilated
o 1 H OAttic, Well Ventilated
South faglng shingle temperatures 1o S e
Jacksonville, FL 16-Sep to 18-Nov 2000 B Cathedral, Unvented
350 140
> 300 Cathedral 5C/9F hotter than attic
- 120 .
3 2 250 e M Vented cathedral is same as Unvented
< 2 H
Y 200 ;‘mn
5 5 150 g
a0 ® 80 I
£ 2 100 + £
=] o 2
z 50 + T w0
0 1
O O O 0O O 0O O © O O O O O O O 9O 40
M T O O~ 00 O - AN M T O O© N~ 0
R N N
Temperature (F) 20
Eunvented S shingleM vented S shingle| 0
-10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90
Temperature (°C)
Building Science.com Building Science.com

~ Roofs 41

Enough ventilation can provide cooling

Building Science.com
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Roofs 45
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— Roofs 47

BEST2-Portland, OR
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1" CC spray foam

2x6 top chord —————————————

0SB/plywood
sheathing

Drainage plane

R6+R16

Building Scienc.com
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R6+R30

Hybrid: Air, thermal, fire

Warm Climate Zone!

Cellulose or spray fiberglass;
8" nominal

Gypsum board

2x6 frame wall

4'/;" cellulose or spray fiberglass

1" CC spray foam

Roofs 46

Insulation and Thermal Bridges  No. 48/65
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