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Building Enclosure Components:
1. Basement Floor System(s)
2. Foundation Wall System(s)
3. Above Grade Wall System(s)
4. Windows and Doors
5. Roof System(s) roof vent
5. ot
4. =
5.
vent ‘ﬂ\
. 4.
ventilated crawlspace I r I \\
backfill
1 2.
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This presentation

e Scope: Pitched, Wood, Roofs
e Performance Problems

e Vented, cathedral, unvented etc
e What solutions

Linbwersity ol

John Straube

Functions of the building enclosure

Support
- Structure: wind, gravity, earthquake

Control

- Heat

- Air

- Moisture (vapor, liquid)
Finish

Distribute (sometimes)
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Sloped Roofs vs Walls

e Exposed to
- Much more sun
- Much more rain
- Important aesthetics
e Rain control
- Drained / concealed barrier
e Changes
- Roofs are more complex

John Straube

Review Roof Components

1. Structure
2. Exterior Screen / finish

9. Service Distribution

John Straube
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E < g s B 4. Vapor diffusion control system
LR |2 |wel| L 5. Rain control system
213|838 % 6. Air flow control system
S|« | |q & 7. Exterior continuous insulation
@ & 8. Interior Finishes
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3. Interstitial heat flow control system
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Problems

e Air leakage condensation
- Mold
- Decay
- ridging
e Rain leaks
- At penetrations
e Ice Dams icicles and leakage
e Truss uplift
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(2)) axtorioe cladding —

. water raststant membrane &
2. drainage gap s

(4"} Viapour Retarder (opt) —/ A\
2} Ve {618 e barmies Intencr Finssh

Typical Construction Materials

(1 :’ood frulr::: rafter and joist {shawn) () Asphat enpengnaod fei
‘ N ' Asphalt impregnaled building paper
Steel framesd rafter and joist of russ Paraubis polymer e’
Impermeable self-sealing membrane

(2) Cedarshakes (shown)

Matal panels, standing soam (8') Deywsl (shoam)

Spray-foam on substrae
Asphalt Shingles.
Exposed Membranes mamibrane {supported)
y Painied drywall
! Wood paneting
Winyl wallpaper on drywall

()

(3 Bat (shown)
V20 Blown-in cellulose fiberglass, rockwoal

Spray Foam Texhirad coaing
(@) Optional
4 Paint of virryl walipaper on drywall I
Poiyothylene | Conceptual Drawing only!

| tmportart details it shawn, just |

arrangamard of layern. Some
combirutions may nat be

practical of miry pedarr pocty

foil-backed drywal
Kraft facing on ba
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Air

Air leaks leakage

e Cold weather
e Hot air rises

A (]
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warm
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Frost accumulation
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Ridging due to Excessive Wetting

Soln#1: Bypass Roof Membrane

Cold
Weather J/ Cold Surface,

%] Vapor Barrier
entila&

N
I .
The Air+ | ! Warm_M0|st 1]
Thermal Inside 1
Barrier | | | R
e Waterloo
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Problem: Air leakage at Ceiling

Cold Surface,
Vapor Barrier

Cold
Weather

r
The Air+ I Warm Moist
Thermal I Inside I
Barrier | | | |
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Solution#2: Plug leaks

Cold Surface,

Vapor Barrier
Seal tight

r
- I -
The Air+ I Warm Moist
Thermal Inside
Barrier | | | | R
e Waterloo
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() eterior cladding —

) Wale rosistant menrana & _
L2 drainage gap

Cathedral Ceilings

e No fundamental technical difference
-5:§ ) Air barmior! Intericr Finish

e But .. Harder to get ventilation flow

e So .. Ventilation not as effective

Typical Construction Materials
) :\‘mc framed rafier and joist (shown) (5) Asshalt impregnated fol
- "~ Asphall impregnated bullding paper
Parmeatis polymer “housewrap”
impermentie self-sealing membrane

e Steeper slopes encourages ventilation by
stack effect and wind

Stessl framed rafter and joist or truss

(2) Cedar shakes (shown) -
e Metal panals, standing seam ( 6 )
Asphalt Shingles
Exposed Membranes

m
Spre n subsirale
membrane (suppared)

e Larger vent spaces for larger spans?

(3) Bon(shown) (@) ;1‘:]“;::‘:; o
"2/ Blown-in calllose Eberglinss, rockwool }
Sivey Foun inyl wallpapor on drywall

Textured costing

Conceptual Drawing only!
important dotals not shown, jst
arangement of layers. Some
© asons may not ba
or may periorm poorly
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Air Leaks — cathedral ceilings Ventilated on top

Cold exterior (no sun) | Air leaves via accidental

openings or intentional vents

Air flows through ventilation
gaps, air permeable insulation
or accidental gaps

Condensation forms on

cool roof sheathing

Roofing — — \

Roofing paper — - Wood rafter |

Fibreglass batt insglahon

Painted Drywall

— Warm moist interior air leaks

into roof via accidental crack

or opening Linkvsity ol
Warm interior — higher air Na.terloo
pressure than exterior

John Straube
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Unvented Cathedral Ceilings

e Not absolutely necessary to vent if airtight
and vapour tight material,
- e.g. spray foam.
- Orinsulated sheathing

e May be practical in retrofit

e If no wetting, little drying required
- Demands very high performance
- >R40, no penetrations
- spray foam is a practical solution

i—_E;___l:i.eware themal bridges Waterioo

John Straube

Leaky Cathedral Ceiling

Cold = Air
Condensation leakage
Cold
Weather
Vapour _—
N Diffusion Waterloo

John Straube
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Unvented Cathedral Ceilings

e BUT this means ensure airtightness
- beware partitions and lights
- dense pack helps (slows air)
- airtight exterior helps (stops through flow)
- insulated foam sheathing very useful (control
temp)

e avoid absorbent roofing (inward vapor drives)

Linbwersity ol
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Roof with Insulated Sheathing

Air
leakage

Warm = no
condensation

Vapour Linbversity el
ZEN Diffusion Wa%gloo

John Straube
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() entorion clacksieg —,

5 water resistant memrane &
| amirage gap

-8 intarior Finish |

ypical Construction Matorials

Typical Construction Materials ¥
z T Wood tmmed mher and st (shown)

(5} Asghai impregnaied tea
(17 Wood framed rafter and joist {shown) - —/ o wood russ. (s5) -
LX) aood v (5} Aaphat impregnated fall Tiue! S alb i ol o i " Aigha iepregnaied bukdg paper
Steel bumed rafler and joist o frus — Asphat imgeegnated bulding pager oI abEs FOlymer TouseWIap
- s cd Pareraable pobymer -housewrag I preatse et g mebrrs
impermestia sel sealig MOMBING o Codae shabes | } = "
(7Y Codar shakes (shown) — b Matal panels. standing seam (8) )"\""_ " "
2)  Maatal paratn, sianing seas 5 ) Drywnt Asghalt Shngles Speay-foam on sutrsirate (shawn)
o ' Bpray-eam on wbsteatn (ibew) Erposed Membemes e p—

Asphalt Stingles
E

xprernct Masrite aturs Mt fuypond)

Deut-pach oelkuons wigood air barier ) Exmndud Polatysne

Soray Foam (showr)

(3 Dens-pack coluoss wigood sk barmer (@) Pairted drywall show

Wt panebng : Wood Fiore Boant Products
Speay Foam [shawn) i e o Al B
Tustured coating —.  Oplional (g} Pairted drywal {shawn)
(4) "2/ Wiood pareling
(3 Optioral =/ Paen or vinyl malpage on dowal Vil walgecet o drywss
W2 it o viet waipaper on drpwel . Polysthysena Tasturod coat [Tr——
- Conceptual Demwryg onky! Ao -hiached crpwall iy
tel-Binekind deywadl keporient detals rict shown, bt Krat facing on bam ‘Conceptusl Drawing only!
Kra facing on batl asrangomant of lyers. Soms Ireportant detads not show, jut
T COmbanatans may not be L Bokrced Sousons amangoment of lysrs. Some
[ r— penctical of may pariorm poory -;, 2 z 2 mary ol b

combmrtion
| practical or may pertonm poory

Convective loops

Cold air falls toward
bottom of joint

Rising air cools and
wapor condenses on
underside of top layer

'arm air rises toward
cod side of SIP

Air returns to interior
through accidental opening

Accidental opening on
inside of joint allows warm
moist air to enter
Univesity el
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ROOFING PAPER
Rep alr 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

\ ROOFING PAPER

(PRIMARY AIR
BARRIER)

SIP (MaxiMuM 8"
OF EPS AT R-32)

Y

Source: Building Science Corp
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under snow

= Fundamental
= '

,ﬂ' = Cause:

‘\\\‘s“%‘ ' versiow wnng. | Heat flow
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'l .‘

Trapped wate 74

ofsiatsing differences
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. Icicles
)
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Ice dams

Ridges of ice forming at eaves
Also typically icicles hanging from eaves
ice forms a “dam” that traps drained water

Problems
- inward leaking water
- dangerous icicles

&

Warm Thermal
Bridging

FEoN,
T
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All ice dams occur when upper part of

roof is above freezing and eave part of
roof is below freezing.

1. Snow insulates
roof membrane

3. Snow melts and
runs down roof

4, Cold air removes

/
heat from underside —
/7
,,\r, ~ \’[/,«\I/«\ I/h\,[/x ‘\J \AIA] ~ | ~ \1/'\]‘/"\“,/ l,\[“[' [’ [
00000000000000008

= Leaks!

5. Ice dam and
Icicles Form

Cause: Poor Insulation

1. Snow insulates
roof membrane

3. Snow melts and
runs down roof

4. Cold air removes
heat from underside

800 0000000000000
00000000000000000¢

5. Ice dam and

Icicles Form 2. Low thermal insulation

levels allows heat to flow
to roof sheathing
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Ice Dams: Causes & Solutions

e Most common causes of ice dams are:
- insufficient insulation or thermal bridging

- air leaking into the space below the roof
membrane

- asource of heat in roof such as a poorly
insulated duct, hotwater piping, etc.

- adifference in snow thickness, especially
when combined with solar radiation.

e Solutions available for most causes

|||||||||||

John Straube

Cause: Poor Insulation

i

10
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Sol'n: Good Insulation/Ventilate

Snow insulates
roof membrane

Sol'n: Good Insulation

e Energy Efficient Roofs =less Ice dams

e Minimal thermal bridging
- use insulated sheathing
e No Insulation compression at heel
e Ventilation will help remove some heat

Ventilation of cold
air removes the
little heat that
passes through

k0000000000000 00000
I00N0000000000000000000
High and uniform
— insulation prevents heat .. w
Waterloo flow to underside of iterloo
John Straube @ sheathing

Cause: Air Leakage
1. Snow insulates
roof membrane

Solution: Airtightness

3. Snow melts and
runs down roof

Aaasad 000000000 T=NA00
sanaascessenees. lileees

Find the holes and plug them

4. Cold air removes
heat from underside

—~—

S —

I\ joints between 4 A 4 bathroom |l

; ing 2lng  joints  Jonts at i ; >

5. Ice dam and Condensation <wallondceiing igh”  dfgtic interior | PUMbING || chimney || B2
fidires  patch  partitions stack | penetration vents

r joints &t penetration of ceiling
a Windows cacks ™ of ceiling
L at doors

Cimpmemiir b o bnmen

=

Icicles Form
2. Air leaks in ceiling

allows warm air to flow 20
to roof sheathing

John Straube
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Leakage Path

Sealing Leaks

Sealing Method

Attic Hatch

Weatherstrip, caulk, positive action latch, insulate

Space Cond Ducts

Avoid, insulate R20, seal boot to ceiling

Plumbing Stacks

Seal with expanding foam / caulk

Chimney Stacks

Use drywall/sheet metal + high temperature caulk

Plumbing penetrations

Seal with expanding foam / caulk

Electrical penetrations

Seal with expanding foam / caulk

Top plates

Seal with expanding foam / caulk

Light fixtures

Caulk boxes from below or add drywall box above and
seal to ceiling air barrier system

Recessed lights

Build drywall box above or use special sealed units

Recessed Ceilings

Add rigid air barrier and seal: drywall, rigid foam

Knee walls/split level

Add sealed drywall or rigid foam, seal foam

Perimeter / Party walls

Drill or punch block cores /framing cavities at ceiling line,
then foam

Straube Presentation Building Canada June 2005
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John Straube
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Cause: Differential Solar Heating

1. Sun warms shingles
were little or now snow \
cover exists
2. Snow melts and
3. Snow insulates runs down roof \
roof membrane

4. Cold air removes
heat from underside

000008! () (XX
(W X (YYHYY Y YY\”YY\ Y\“{(

5. Ice dam and
Icicles Form
Solutions
Ventilation of cold
Self-sealing air removes the .
membrane along little heat that
eaves passes through
1000 r ‘1 0000000000
‘(\}(YH (ﬂ\ 00000
High and uniform
insulation prevents heat Univeesitycd
flow to underside of Water
sheathing
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Sol'n: Bring into Building

e Special trusses or rafter framing
e Airtighten

e Save money on duct insulation /
tightening

Straube Presentation Building Canada June 2005

Sol’'n to Heat Sources

e Remove ducts, equipment, piping
e High insulation (R20) / airtightness

Sol’n: Bring into Building

e Cathedral “attic”
e Airtighten

e Save money on duct insulation /
tightening

14
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Roof Ventilation

e Why?
- Bypass vapour barrier roof membrane
- direct vapor “leaks” to the outdoors

e Solar exposure = Roofs hotter than outdoor
air
- Hot air hold more moisture than cold air
- Small amount of ventilation can carry more water

vapour

e Roof ventilation aids drying

e Ventilation provides little cooling ... .
~ Waterloo

John Straube @

Oversize roof
truss provides

increased depth
of roof insulation

Insulation bf/le at perimeter

prevents
blowing tibugh
insulatigf/and
maintads 2 in.
clearance under
roof sheathing

— Sealant, adhesive
or gasket

Rigid insulation [ o )
\F Source: Building Science Corp
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Ventilation Practise

ROOF VENTILATION - AT C

CEILING AND ATTIC - RIDGE VENTS

ATTIC DETAIL LT — of
Source: APA ﬁ @5100

John Straube

Ventilation is not always THE answer

e Some bad buildi
tight roofs

e roof membranes

s have relatively air

ist air leakage

Unbvemsity ol
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Ventilation is not always THE answer

e Adding vents makes it easier for air to

More leakage=
more problems

Cause: Heat Sources

e Ducts, equipment, piping

Linbwrnity ol
Waterloo
John Straube @
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Ventilation is can be part of THE answer

e Add air barrier means ventilation works!

Almost zero leakage
+ ventilation=
no problems

Good air barrier

Ventilation & Roof Temperature

E mm“&sﬁm
@

John Straube
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Some roofs do provide cooling

e LS

COUNTER FLASHING DETAILS Ploce preformed cricket flashing over cricket and corner flashing.
Set cricket floshing in aspholt plostic cement.
Seal jint with Porthand 11

cemant morar - - =

- Cricket flashing

- Chimney bric extends up

chimney ot

Counter flashing least 4"
Stop flashing ; 3

~ Mail flashing

Undarizyment and to deck

shinglo
= Cricket flashing

cut o fit over
cricket and extend

“ Set step and cricket flashing
in osphalt plostic cement

Place counter flashing over step and cricket flashing.
Shingle remainder of roof.

__— Counter
flashing

Source: APA

Unbvemsity ol

flashing syraube
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Rain penetration

e Flashing
e Roofing felt

Source: Building SCiencﬁ%mumn

Roof Summary

e Ventilation works to remove small
moisture and heat leaks
e Cannot overcome stupid things
e Ventilation NOT needed
- Spray foam unvented is most promising
e Some ice damming cannot be solved
- Consequences can be — eave protection
e Rain penetration
- No news, just common sense

Unbvemsity ol

AN
[EEEEE Scinona]
John Straube
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Truss uplift

100%RH

cross-sectional view

| Roof truss uplift

\

T T T
-10C 5C 20C

Temperature

insulation

/ SOARH i i
insuiation__—~"

truss \l;ls
upwards:
in middle.

omitted
for clarity

<——+ oxpansion - colder, "watiar' wood

»—  shrinkage - warmer, "drier" wood |

AV
N |

i

cracks form at central
wallicelling intersections

e

r Vapor Content

Top chord
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Bottom Chord
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