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» See Building Science Digest
—BSD-134 Ice Dams
— BSD-115 Wood Roofs
— BSD-102 Understanding Attic Ventilation
— BSD-104 Understanding Air Barriers
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Cathedrals and Conditioned Attics _ BSD-106 Understanding Basements

BuildingScience.com

Roof insulation ——___
5 ¢ N Continuous ridge nsulation .
Insulation wind baffle D ventilation - Continuous ridge
2" minimum space  ——_ \ Insulation wind bafle . ventiaton - -
= 2 in. minmum space — \

Water protecton

N\
N\
" \ membrane (ice
Wale!r’ protection \ v dam protecton
membrane ——__ 'i r \( ‘ where required) S
A

YA
L LR LD A LA T f,I-F
A \_ |

" Gypsum board with vapor
semi-permeable (latex) paint

* Rigid msulation
(taped or sealed jonts)

~ Gypsum board

Continuous

Continuous ~ £ A
Y ~— Consider increasing depth of
soffit vent insulation by using deeper soffit vent
\ trusses or oversized (longer) Vinyl or
Viylors N fisses aluminum siding Caulking or sealant
aluminum siding > Caulking or sealant
Rigid insulation Gypsum board
Rigid insulation P Gypsum board with permeable “‘"’;:“' :
(taped or sealed joints) — (latex) paint e o

Unfaced cavity insulation, / Cavity insulation
cellulose or low-density - with vapor ditfusion
spray-applied foam —— retarder backing

BuildingScience.com BuildingScience.com



3/27/08

BuildingScience.com BuildingScience.com

BuildingScience.com BuildingScience.com



Air Leaks - cathedral ceilings

r,?’{eﬂcﬂ el "!° su,",4 Air leaves via accidental-
openings or intentional vents
Air flows theough ventiation

gaps, air permeable insulation

or accidental gaps

Condensation forms on-
cool roof sheathing

— Fibreglass batt insulation
— Painted Drywall

— Warm moist interior air leaks
into roof via accidental crack
; _or opening
Warm interior - higher air
pressure than exterior
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Unvented Solutions

Spray foam
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Unvented Cathedral Ceilings

+ Not absolutely necessary to vent if airtight and
vapour tight material,
— e.g. spray foam.
— Orinsulated sheathing
» May be practical in retrofit
+ If no wetting, little drying required
— Demands very high performance
— >R40, no penetrations
— spray foam is a practical solution
— beware thermal bridges
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1. Snow insutates roof membrane

2. Snow melts and runs
down roof
3. Cold air removes heat
from underside

4. lce dam and
Icicles form

Water Leakage

Figure 1: lce Dam at a Typical Roof
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Ice Dams

G
™

BuildingScience.com

1. Snow Insulates roof membrane

3. Snow melts and runs m—

down roof

heat
from underside

5. lce dam and

Icicles form

) 2. Low thermal insulation leve

allows heat to flow to roof sheathing

Figure 2: The Process of lce Dam Formation Caused by Poor Insulation

BuildingScience.com

US ARMY C

- B .
-
. P . poe
v 4.
. ‘y -
o, W
. s _"
‘ v -y
- b d
sy,
vt
‘ S
..'-.'
: b 2
P
> e3¢ 2% /"
| 20 XK' o,
R-1/in3 -~ i — -

BuildingScience.com

3/27/08



1. Snow insulates roof membrane

ulates roof membrane

3. Snow medt

4. Cold air re

from unders

S. ice dam and

that passes through

wicles form

High and unifoem insulation

pr heat flow 10 unde

sheathing
Figure 4: lce Dam Formation Process Caused By Air Leakage

Figure 3: Solutions to Poor Insulation
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1. Sun warms shingles where litthe or no Snow cover exists
2. Snow meits and runs down roof
3. Snow insulates roof membrane

4. Cold air removes heat
from underside
5. lce dam and
icicles form

Figure 5: lce Dam Formation Process Due to Uneven Snow Thickness
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Shingles
Roofing paper

R-40 rigid insulation (6 inches

of R-6.5/inch rigid insulation) in

Fiberboard hygric buffer two or th_ree_la_yers with horizontal
and vertical joinst staggered

Roof membrane

Fipd ineiation Nail base for shingles (plywood or OSB)
screwed through rigid insulation

Yy to wood decking or timber rafters

v Air barrier membrane
(sheet polyethylene,
NS N A N N N membrane roofing in =
very cold and cold
climates; housewraps,
building paper in all
other climates)

Air barrier membrane Wood decking

Gypsum sheathing
= Timber rafter or exposed joist

Fluted steel deck
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\ ) 222" Underside of roof sheathing is typically the
/ “first condensing surface” as it tends to be
> the first surface below the dewpoint temperature
of the interior air-vapor mixture with sufficient
thermal mass to support condensation during
cold weather. Additionally, it also tends to be the
first surface below the dewpoint temperature of
the interior air-vapor mixture that is also relatively
impermeable compared to the insulation layer
beneath it.
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g p'ape oy w0 outdoor temperature
R-19 batt insulation installed T L\ FA TS I, .
with wire stays or twine or _ ~ 80 ’ N t s bl (:r?de':séde o
netted cellulose s " / \ | roof sheathing) if R-5 rigid
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TMM‘::oimmd Roof insulation —

sheathing forming the cavity : :

Is the first condensing surface Insulation wind baffle 3:;:::;::54»%%

OSB or plywood nail base for shingles

2" minimum space  ——

R-30 unfaced batt ceding insulation compressed 4

1o fit within 2x8 rafters or damp spray celuiose o Water protection
“netted” dry biown cellulose or fiberglass — membrane (ice-
RS rigld insulation (vertcal and horizontal \ dam protection
Joints oftset from roof sheathng)

where required)

Rigid insulation
(taped or sealed joints)

N

Gypsum board

i

soffit vent —

WA
insulation notched - .
around roof rafters - Continuous
and sealed 1 J

[P

Vinyl or
aluminum siding

N

—— Caulking or sealant

MY

) Rigid insulation
Rigid insulation (taped, [ (taped or
shiplapped or 4 sealed joints) ——

semi-vapor permeable
‘sealed jonts) — (latex) paint
Cavity insulation
with vapor
Untaced batt insulation

retarder backing

< Gypsum board with semi-vapor
permeable (latex) paint
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Low density spray foam insulation

Asphalt shingles

Roofing paper

Roof sheathing

Raised heel truss

Rigid foam, or comparable,
as backdam

Non-occupiable
space

Soffit

Roof underlayment
sealed to drip edge

Gypsum board with latex paint

(acts as thermal barrier separating
occupiable space from non-occupiable
space)
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Cold air falls toward
bottom of joint

Rising air cools and
vapor condenses on
underside of top layer

Warm air rises toward
cold side of SIP

Air returns to interior
through accidental opening

Accidental opening on
inside of joint allows warm
moist air to enter
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structural insulated panel

area prone to moisture
damage

movement of air and
moisture in panel joint
towards roof peak
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UPPER 0SB

UPPER SPLINE

Lower OSB

LOWER SPLINE
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SEALANT AT THIS LOCATION
WOULD NOT HAVE PREVENTED

EXTERIOR
CONTINUOUS SEALANT AT THIS

——CONTINUOUS SEALANT
AT THIS LOCATION WOULD
HAVE PREVENTED FAILURE

INTERIOR
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~ROOF SEALANT AT
JOINT IN OSB SKIN

EXPANDING FOAM
SEALANT

0SB SPLINE
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~ROOFING PAPER

TWO LAYERS OF 2" THICK (R-28)

ISOCYANURATE RIGID INSULATION

(JOINTS OFFSET/STAGGERED

HORIZONTALLY AND VERTICALLY)
0SB SCREWED THROUGH TWO
LAYERS OF RIGID INSULATION
INTO SIP
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0.019° ALUMINUM - CONTINUOLS
SECURE WITH PANEL SCREWS AND
ED NAILS, LAP ENDS 6" AND SEAL
WITH CAUK ——

FILL ALL GAPS WITH FOAN
SEALANT CONTINUOUS BEAD
RIDGE SEAL

GENEROUS BEADS

1L PANEL SCREW - ROUS
OF CAULK SEALANT

(HAY BE UNOER OR'
ALUMNUH FLASHING)

= Seas noor mose winy
RooF weves io /
ALLMNGM SHEET EXTENDNG INTEROR ORTWALL
6" EACH SI0E OF APEX

CONTIRIOUS SEALANT AT

LOWER PANEL JONT

SeatanT——/ '~ GAP PROVIDED
™ AP aETEEN

PANEL EOGES,

ROOFING PAPER

(PRIMARY AIR

BARRIER) SIP_(MaxiMuM 8°
OF EPS AT R-32)
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FRF Data: June 1 - Septembder 30, 1989
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Vented vs. unvented shingle temperatures
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Cathedral Ceilings

* What vapor control is needed to be safe for
unvented SPUF roofs?
— Similar to wall study

» Will roof be hotter than ventilated cathedral
— We know this answer already

* |s ice damming a bigger concern?

 the need for venting to remove moisture and the
impact of venting on roofing temperature

+ the risk of roof leaks caused by the different drying
strategies applied.
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Proposed field testing

+ Five different roofs: Each type faced one direction at a 3:12
pitch.

» R30 of 2 pcf SPUF between the rafters.

* R30 of 0.5 or 2 pcf SPUF between the rafters below a 2”
ventilation space formed with an EPS baffle.

* R30 of 0.5 pcf open cell SPUF.

* R30 of 0.5 pcf open cell SPUF with a vapor retarding paint
finish as supplemental vapor retarder.

» standard 8” R30 fiberglass batt insulated 2” space (vent
chutes at the soffits) leading to a mushroom vent.
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