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BUILDING SMART WITH HIGH PERFORMANCE BUILDING DESIGN

February 26, 2019

Lorne Ricketts | MASc, P.Eng. – Principal, Building Science Specialist

R30+ Effective Roofs in Residential 

Construction in BC
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A tarp is not a roof…
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Garbage bag + “goop” is not a roof…
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A roof is not a water feature…

Unless it is a water feature…
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Building Enclosure Fundamentals

 Building enclosure 

separates interior and 

exterior environments

 Must control:

 Water

 Air

 Heat

 Water Vapour

 We do this with a series 

of critical barriers
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 Roof Thermal Performance

 Wood-frame Roof Assemblies

 Intro to the R30+ Roof Guide

Outline
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Thermal Requirements
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Vaulted

Wood-Frame Residential Roofs

Attic

Sloped Flat
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BCBC 2018
(Effective December 10, 2018)

Compact 
Roof R-Value

*Climate Zone 4 for all shown. Varies by location.

R-47.7 Attic 
& Other

R-30.9 Ins.
above deck

20

25

30

35

40

45

50

60

R-26.5
R-25

= Performance Path  Option

Part 9

Part 10
ASHRAE

90.1-2016*

NECB 2015* 

9.36.2*

9.36.5
(HOT2000)

Step Code
(Part 9 or 10)

10

VBBL 2014 (Current)
(including Aug. 15, 2018 amendments)

Compact 
Roof R-Value

*Climate Zone 5 for ASHRAE & 4 for NECB

R-37 Attic 
& Other

R-20.8 Ins.
above deck

20

25

30

35

40

45

50

60

4-6 Storeys

≤3 Storeys

1 & 2 Family 
Dwellings

≥7 Storeys Rezoning

ASHRAE
90.1-2010*

NECB 2011* 

VBBL Table 
10.2.2.6 & .7

VBBL
10.2.2.5

= Performance Path  Option

R-25

R-30 

R-24.4 
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VBBL 2019
(Effective June 3, 2019)

Compact 
Roof R-Value

*Climate Zone 4 for ASHRAE & 4 for NECB

R-47.7 Attic 
& Other

R-30.9 Ins.
above deck

20

25

30

35

40

45

50

60

R-30 

4-6 Storeys 
+1-6 Mix Use

≤3 Storeys 
Residenial

1 & 2 Family 
Dwellings

≥7 Storeys Rezoning

ASHRAE
90.1-2016*

NECB 2015* 

VBBL Table 
10.2.2.6 & .7

VBBL
10.2.2.5

R-25
R-24.4 

= Performance Path  Option
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R-Value Calculation

+

=

+
R-0.62

R-0.45

????

 Isothermal Planes
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 Parallel Paths

(i.e. UxA)

R-Value Calculation

AF = 13% Joists

RF = R-12.6
(top 1” not considered)

AI = 87% Insulation

RI = R-35
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 = R-28.3
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R-Value Calculation

+
R-28.3

R-0.17

 Isothermal Planes R-29.6

+

=

+
R-0.62

R-0.45
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Effective R-value of Tapered Insulation

16

Effective R-value of Tapered Insulation

Rectangular Triangular
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Effective R-value of Tapered Insulation

18

Roof Assemblies
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Joist-Insulated Vented Vaulted Roof

20

Influence of Solar Radiation & Night Sky Radiation
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Typical Issues – Impact of Orientation

South Facing

North Facing
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A Localized Problem...

Seattle

Portland

Vancouver

San Francisco

Calgary
High Risk Climate for 

Night Sky Radiation 

Vented Roof Moisture 

Issues
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Joist-Insulated Vented Flat Roof
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1” ISO on top
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Joist-Insulated Unvented Spray Foam Vaulted Roof
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Are we even allowed to do this?

 Clause 9.19.1.1

“Except where it can be shown to be unnecessary, where insulation 

is installed between a ceiling and the underside of the roof 

sheathing, a space shall be provided between the insulation and the 

sheathing, and vents shall be installed to permit the transfer of 

moisture from the space to the exterior”

 Sensible for roofs without good airtightness, but spray 

polyurethane foam can provide excellent airtightness and is 

bonded to the substrate, further reducing risk
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Lots of Research to Support

Six Vaulted Roof Assemblies

University of Waterloo Building Engineering Group
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Test Assemblies

Assembly (all = R-30) Vented? Vapour 
Control

Air Control

Unvented Closed Cell No CCSPF SPF

Vented Closed Cell Yes CCSPF SPF

Vented Fiberglass Yes latex paint
on drywall

Drywall

Unvented Open Cell w/ Paint No paint on foam 
and drywall

SPF

Unvented Open Cell No latex paint
on drywall

SPF

Vented Open Cell Yes latex paint
on drywall

SPF

30

Measured Sheathing Moisture Content
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Hygrothermal Modelling
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Vancouver Toronto Ottawa

Depth o f

Cavity
Ventilation

Type of

Vapour Control
Low RH

30/55%

M ed. 

RH

40/60%

High RH

50%

Low RH

30/55%

M ed. 

RH

40/60%

High RH

50%

Low RH

30/55%

M ed. 

RH

40/60%

High RH

50%

5" R30
Ventilated                           

Continuous Baff le
ccSPF 13% 13% 13% 10% 10% 10% 10% 10% 10%

5" R30 Non-ventilated ccSPF 11% 14% 14% 10% 13% 13% 12% 14% 14%

8" R30 Non-ventilated interior poly 13% 13% 13% 13% 13% 13% 13% 14% 15%

8" R30 Ventilated latex paint 13% 13% 14% 11% 11% 11% 11% 11% 11%

8" R30 Non-ventilated
1 US perm 

paint on foam
12% 17% 18% 13% 24% 28% 15% 30% 32%

8" R30 Non-ventilated latex paint 17% 30% 35% 25% 40% 50% 38% 52% 54%

9 1/4" R30
Ventilated                           

Continuous Baff le
interior poly

9 1/4" R30
Ventilated                          

Continuous Baff le
latex paint 16% 17% 17% 14% 14% 14% 13% 13% 13%
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Cathedral Roof Construction HDD 3000 HDD 4000 HDD 4500

Other Applicable Locations

(Heating Degree Days below 18°C)

From Environment Canada's

Canadian Climate Normals

1971-2000

White Rock (2782)

Vancouver (2926)

Abbotsford  (2981)

Victoria (3040)

Windsor (3524)

Niagara Falls (3661)

Kelowna (3869)

Oshawa (3917)

Hamilton (4012)

Halifax (4030) 

London (4057)

Toronto (4065)

Kitchener-Waterloo 

(4288)

Kingston (4289)

Montréal (4518)

Moncton (4585)

Ottawa (4602)

Charlottetown (4715)
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Installation Issues

34

But… installation issues..

Images from Energy Vanguard
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City of Vancouver Bulletin on CCSPUF

 Bulletin 2017-004-BU “Use of Unvented Roof and Deck 

Assemblies in the City of Vancouver”

“Effective September 01, 2017, the City of Vancouver will … no 

longer accept alternative solutions for unvented roof and deck 

assemblies.”

Be sure to check with specific AHJ requirements!
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Joist-Insulated Unvented Spray Foam Flat Roof
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Split-Insulated Exposed Membrane Flat Roof

The key advantage is R-value!
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Insulation Ratios
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Roof Colour
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Exposed Membrane Conventional Flat Roof
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Protected Membrane Flat Roof

42

Relative Risk of Wood-Frame Roof Assemblies

Could debate this for hours… and it depends…
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All Roofs Require Maintenance

44

Details Matter Too!
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The R30+ Roof Guide

46

Intro to the Guide

 Introduction & Background

 Building Enclosure Fundamentals

 R-Value Calculation

 Effective R-value of Tapered Insulation

 Vaulted Roofs

 Low-slope Roofs

 Spray Foam in Roofs

 Roof Decks

 Airtightness

 Alternative R-30 Roofs

 Maintenance & Inspection

 Summary
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Intro to the Guide - Assemblies

Key Performance Items

Overview

Graphical Overview and 
Layer Identification

Thumbnail

Critical Barriers and 
Other Considerations

R-Values
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Intro to the Guide - Spray Foam
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Intro to the Guide - Airtightness

50

Intro to the Guide - Maintenance
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Intro to the Guide - Summary

52

Discussion + Questions

FOR FURTHER INFORMATION PLEASE VISIT

 www.rdh.com 

 www.buildingsciencelabs.com

OR CONTACT US AT

 Lorne Ricketts | lricketts@rdh.com


