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R30+ Effective Roofs in Residential
Construction in BC

BUILDING SMART WITH HIGH PERFORMANCE BUILDING DESIGN

February 26, 2019
Lorne Ricketts | MASc, P.Eng. - Principal, Building Science Specialist
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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

Waterproof Membrane
Drainage Surface

Air Barrier

Vapour Control
Thermal Insulation

- Must control:

-> Water
-> Air
- Heat
e Water-Shedding Surface
-> Water Va pour Water-Resistive Barrier
Air Barrier
Vapour Control

Thermal Insulation

- We do this with a series
of critical barriers
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Outline

-> Wood-frame Roc
- Intro to the R30

RO suane

2019-03-02



RI 'I* BUILDING
SCIENCE

Thermal R

Wood-Frame Residential Roofs

Sloped _
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BCBC 2018
(Effective December 10, 2018)
Compact
Roof R-Value
ASHRAE A
A8 I 90.1-2016* =60

=50 R-47.7 Atti
NECB 2015* ~— & Other a

-1 40
- 35

R-30.9 Ins.
9.36.5 above deck
(HOT2000) R-26.5
R-25

Step Code
(Part 9 or 10) v

RJH“”‘”"““ . = Performance Path Option
*Climate Zone 4 for all shown. Varies by location.

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

Compact
Roof R-Value

>7 Storeys Rezoning

4-6 Storeys 9SS]H2|})A]‘%

<3 Storeys R-37 Attic
& Other

Dwellings 2.2, c R-25
R-244 m
R-20.8 Ins.
above deck

RJI"“”‘“"“G . = Performance Path Option
*Climate Zone 5 for ASHRAE & 4 for NECB
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VBBL 2019
(Effective June 3, 2019)

Compact
Roof R-Value

27 Storeys Rezoning
4-6 Storeys ASHRAE R-47.7 Attic
+1-6 Mix Use |\ 90.1-2016* & Other
=5 SRR \ NECB 2015*
Residenial
R-30.9 Ins.
1 & 2 Family \R! VBBL Table % above deck
Dwellings 10.2.2.6 & .7 R-30 m
R-25
R-244 m

RJH“”‘”"““ . = Performance Path Option
*Climate Zone 4 for ASHRAE & 4 for NECB

R-Value Calculation

- Isothermal Planes

T —_—_—_—————— "\
: 1
I : 2272
‘\ _/ _____________ < J
—~————  R-0.45
+
RODHeens R-0.62
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R-Value Calculation

- Parallel Paths ¢ S

(i.e. UxA)
A; = 13% Joists
R=R-12.6

(top 1” not considered)

( X A, = 87% Insulation
I R,=R-35
N — Y

R. —
RDIemene  eff [AF) (A’)] [(126) +Gg)

’-------\
-

R-Value Calculation

- Isothermal Planes

........................................ R-0.17

R-28.3

R-0.45

RO ssone + R-0.62
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.%

R-effective

Effective R-value of Tapered Insulation

(RSI)
5 20 10.8 12.5
(0.88) (3.52) (1.90) 2
20 25 22.4 2.
(3.52) (4.40) (3.95) (3.96)
RO uone

s,
Rectangular
R -R_
R - max min _ 2
’ [ M Reff Rmax_ Rmin
" Rmin

Effective R-value of Tapered Insulation
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Effective R-value of Tapered Insulation

R —>
R, 20
4 99
5 108
10 144
12 157
14 16.8
16 179
18 190
20 200

25 -

15
124
16.4
17.7
190
202
213
24

25.0

35
143
15.4
200
215
29
243
256
26.8
29.7
324
35.0

156
16.8
216
233
24.8
262
2716
289
319
348
374

40,0

169
182
233
250
266
280
295
308
340
37.0
398
425

45.0

182
195
24.9
266
283
298
313
327
36.1
39.2
421
243
415

50.0

195
209
264
282
300
316
331
346
380
412
442
471
49.8
525
55.0

207
21
279
298
316
33
349
364
400
433
464
493
52.1
54.8
575
60.0
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Joist-Insulated Vented Vaulted Roof

Exterior

- -. Shingles

-4--4-9 Underlayment
{/
-® Roof sheathing

a Air space at
cross-strapping

Insulation in
"® joist cavity

-e Polyethylene
-~-® Gypsum board

Interior

Influence of Solar Radiation & Night Sky Radiation

P H.

RDH

U
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Typical Issues - Impact of Orientation

South Facing

North Facing
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A Localized Problem...

% High Risk Climate for
Night Sky Radiation
Vented Roof Moisture
Issues
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Joist-Insulated Vented Flat Roof
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Exterior

Waterproof roof
membrane system (2-ply)

Protection board

Roof sheathing on
cross-strapping
(sloped to drain)

Air space in
cross-strapping

Insulation in joist cavity

Polyethylene (air barrier)
® Gypsum board

Interior

23

MURB in Richmond, BC
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Sheathing Temperature (Hallway)

Roof Cavity Dew Point (Hallway)
= = = Sheathing Moisture Content (Hallway)

RO eans

Sheathing Temperature (Bedroom)

Roof Cavity Dew Point (Bedroom)

----- Sheathing Moisture Content (Bedroom)

24
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MURB in North Vancouver, BC

42 40
‘ |
36 " 35
1”7 1SO on top
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Sheathing Temperature (Opening #3)

Sheathing Temperature (Opening #1)

Roof Cavity Dew Point (Opening #3)

Roof Cavity Dew Point (Opening #1)
----- Sheathing Moisture Content (Opening #3) ===== Sheathing Moisture Content (Opening #1)
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Joist-Insulated Unvented Spray Foam Vaulted Roof

Exterior

Standing seam
metal roofing

Underlayment
(self-adhered)

Roof sheathing

Spray foam
insulation
in joist cavity

7/--® Gypsum board

Interior

RO eans

26
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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

University of Waterloo Building Engineering Group

Six Vaulted Roof Assemblies
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Test Assemblies

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

Unvented Closed Cell CCSPF

Vented Closed Cell Yes CCSPF SPF

Vented Fiberglass Yes latex paint Drywall
on drywall

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

Unvented Open Cell No latex paint SPF
on drywall

Vented Open Cell Yes latex paint SPF
on drywall

R 'I* BUILDING
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Measured Sheathing Moisture Content

45
40 50%
interior RH
35 'y
s 40 % \U nvented
%0 interior RH Vd 0CSPFs
\ -/
S i
; 25 ~
2
"
s 20
2 Vented Roofs &
15 UHnvented-cecSPFEFe I
5 unventea cootrs 1
2 |
Q
S 10 < [ | || I M| J
5
0
Jan-2010 May-2010 Sep-2010 Jan-2011 Apr-2011 Aug-2011 Dec-2011 Mar-2012 Jul-2012 Nov-2012
—\/ented Fiberglass Batt Sheathing MC === Unvented ccSPF Sheathing MC
——Vented ccSPF Sheathing MC = Unvented ocSPF (painted) Sheathing MC
RJI* 23‘;"3&’25 =——Unvented ocSPF Sheathing MC = Unvented 2pcf ocSPF Sheathing MC

-V ented ocSPF Sheathing MC
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ASHRAE 90.1
Cumare Zone

TherRmAL CRITERIA

Hygrothermal Modelling 4

2000 < HDD18°C = 3000
3000 < HDD18°C = 4000

5
6
7
8

4000 < HDD18°C < 5000
5000 < HDD18°C < 7000
7000 < HDD18°C

/ oS O3 0 R
[ = :
e X
.’ ~
Whitehorse Zone 8 A X‘L.L
y o .
. owknife )
— x:}\ &
- P
P \‘\ ﬁ
Edmonton ~ / §“"'3
one monto — L~
Zon 6 * ‘ = y\
Vancotyeh Regina Zone
) ;_C\%gy ] ° o \ Q“e e CF tRarlottetown
—L_ ™\ Winnipeg allla:
Zone
‘f/ 5 W Montreal
RDI-' BUILDING
SCIENCE
77 .
Vancouver Toronto Ottawa
Cathedral Roof Construction HDD 3000 HDD 4000 HDD 4500
Med. Med. Med.
C°g'ems°f Depth of Ventilation Type of LowRH RH HighRH|LowRH RH HighRH|LowRH RH  HighRH|
avity Cavity VapourControl | | 5550, 40/60%  50% | 30/55% 40/60%  50% | 30/55% 40/60%  50%
2 " Ventilated 5 5 5 5 o o
g 3 SR80 ntinuous Baffle CoSPF 070 070 076 076 0% 0%
oS 8
ST 8| 5reo | Nonventiated  cosPF 4 4 0°
£
8
w 8" R30 Non-ventilated interior poly
gl =
< 5}
g % 8" R30 Ventilated latex paint 4
= @
el &
hs]
g 2 | &R0 | Non-ventiated p;infi:?::m A A A A 24% | 28% [R5y 0% %
2 =
8" R30 Non-ventilated latex paint o 0% % 5% 0% 0% 8% % %
N Ventilated T
Fibergass 9 1/4" R30 Continuous Baffle interior poly
Batt Ventiated !
9 1/4" R30 Continuous Baffle latex paint % % 7 7 7 7 o %
White Rock (2782) Windsor (3524) Kitchener-Waterloo
Other Applicable Locations Vancouver (2926) Niagara Falls (3661) | (4288)
(Heating Degree Days below 18°C) Abbotsford (2981) Kelowna (3869) Kingston (4289)
Vidoria (3040) Oshawa (3917) Montréal (4518)
Haniton (4012) Moncion (4585)
Halifax (4030) Ottawa (4602)
RJ I'l NG London (4057) Charlotetown (4715)
Toronto (4065)
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Installation Issues
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But... installation issues..

RO eans

Images from Energy Vanguard

2019-03-02
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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

Exterior

Waterproof roof
membrane system (2-ply)

Protection board

Roof sheathing
(sloped to drain)

Spray foam insulation
in joist cavity

Gypsum board

Interior

RO eans

36
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Split-Insulated Exposed Membrane Flat Roof

The key advantage is R-value!

RI 'I* BUILDING
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Exterior

Waterpi
membr;

roof roof
ane system

Protection board

Rigid insulation
(with tapered insulation
sloped to drain)

Impermeable self-
adhered membrane

Roof sh

Insulati

eathing

on in roof joists

® Gypsum board

Interior

37

Insulation Ratios

40%

35%

525% o, ..'M
oo ’j’_ﬂ \ NZ \ ,.Liw
S oy ,@;{\:\:’_m el Ve | b
= 10%
5%
0%
2019 2020 2021 2022 2023 2024

Air Leak / White Color / Vapour Retarding Paint

—20% Ext. Insulation Ratio

RO eans

——33% Ext. Insulation Ratio —40% Ext

. Insulation Ratio

38
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Roof Colour

40%

W VACAN
LR SARNLRNGAN TN

Mositure Content (%)

S o
EIN

5%

0%
2019 2020 2021 2022 2023 2024

Air Leak / Vapour Retarding Paint / 20% Ext. Insulation

—White Roof —Gray Roof
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Exposed Membrane Conventional Flat Roof

Exterior

Waterproof roof
membrane system (2-ply)

Protection board

Rigid insulation
(with tapered insulation
sloped to drain)

Impermeable
self-adhered membrane

Roof sheathing
Empty roof joists
£--® Gypsum board

Interior

RO eans

40
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Protected Membrane Flat Roof

Exterior
Roof ballast
Filter fabric
Rigid insulation

Drainage mat

Waterproof roof

membrane (2-ply)

Roof sheathing
(sloped to drain)

Empty roof joists
® Gypsum board

Interior

Rl 'I* BUILDING
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Relative Risk of Wood-Frame Roof Assemblies

Could debate this for hours... and it depends...

ki RISmETII
o ~ Y Y Y (
8 X Ieeeeee!
% AYAYAY, VAVAYAVAYAY;
2 AL ol ASAAAL
Z | -
—
Open-Cell Closed-Cell . . Protected
Unvented sprayfoam Sprayfoam Vented Split Insulated Conventional Membrane
o
[
Q
o
v

Closed-Cell
Sprayfoam

[
RO eans

Vented
Compact

Vented Attic
(more airtight)

Open-Cell
Sprayfoam

Vented Attic Split Insulated

Exterior
Insulated

42

2019-03-02
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All Roofs Require Maintenance

WARNING!
DO NOT USE
ROOF ANCHOR EYEBOLTS
FOR ANY PURPOSE

FACILITIES MANAGEMENT

R ' I* BUILDING
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Details Matter Too!

Waterproofing Eave
Underlayment
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SCIENCE

Undercave Yent
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The R30+
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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

N 2 2 N

Summary

RDI* BUILDING
SCIENCE

[llustrated Guide
R30+ Effective Vaulted & Flat Roofs
in Residential Construction

In British Columbia

n BC HOUSING

RESEARCH CENTRE
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Intro to the Guide - Assemblies

Water Penetration Control

2 | Vaulted Roofs

stk

pretection.Traditanaly, asphatt ssturated rganicundersyment
s been used, but never syihetc products rebecoming o
commen and may b preferred.

Air Barrier

‘assembly, and o meet the ainighiness trgst o energy ey

Insulation & Ventilation

Joist-Insulated Vented J:Lheumb nai I

The
foergacs batt,and, wherededicated

' hick plus 1 theost s,

fratotlof 25

Exterior

Shingles
Unde layment

Stana ool ibegtassbat, blawn- i irous nsulation e, eeliulse or

Foergiza, o sprayfsm cambe usecoinaul the st pace,

Effective R-values - Vaulted Roof
[ Fe

Insulation in
joist cavity
Polyethylene

Gypsurm board

Interior

Vapour Control hr/Btu]

iy Framing 16" 0. 20c.

veptn [ ae | Rao | w4 | R

et | [ e |05 [ 5
Design Considerations paotewn) | w40 | o7 | 264 | ase
Sazaue) | me | o | w3 | s

Faming | 16'0x | 24%0c
e ol ssombles oredce s veah [ R3a [ R | 34| Ran
. ow | = | mo | w0 |
. B e[ | e | s
et W[ ws | 67| ma [ mo
o e [ | ma |2 | smo
hieing oodsot assemblyighiess. e R Ta
s bk o [ | ms [ ma

. s con e .

withlower sopes should b voided

Thersfore, s uses must be carefully considored.

Intro to the Guide - Spray

Foam

Open-Cell s, Closed-Cell Spray Foam

’ . RATpe i

3 Opemc sprayfasm i vapour prmmesble, wiheress losed-cl i mpermesbie sl can b comsered 143 vopons contedayer.

B a2,

e agen coesr L et sy s

4| Spray Foam in Roofs

Application of Spray Foam Roofs

10 the higher Rvalue pernch found inthe spray foam, compated o other standsrd

by chock withyour ol AW befors using cpe <l spra foam

Code Requirements for Spray Foam Roafs

specite
- Article: w
sugner v
> sndverts s
> . ver e,
2825853133
—
re——
3 Hamingand shesthing humiciy e,
3 bestingfor proper sdhesion offoamfa subsirates,
3 uslty of rntallation o ensure sighness,
2 eliminabion el a4 pockets wihin the s,
3 andmens
s
pa—— inthecode e and shovidbe

comsdered 353 sepuate product.

Ao, s 7| Adclional 3D+ Roofson page 25 for more exarmples o ly insulated
oo assemblies wit lterntive ventlaton sirateges,

Air Barrier & Vapour Retarder Installation

[Esp——

should b used nstead (e above graphicl.

Watertightness & Leakage Risks

s

g
'

Maintenance & Inspections

iespan
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Intro to the Guide - Airtightness

oo teathingembrane dpproach

et iteion o

Air Barrier Systems

Exterior Sheathing Membrane Approach

This approah usesa sif adhered roofororch-on sheathing
membrane s the primary e baeer clement Selfachered

Barrier Strategies

Al adheredtothe substate upon nfialnstallaion, Penctrations : o The axterior
deticated srvice openings thatcan s apgropriatlysealed The The design and

oot assemibly componts ar nsaled ovr

led Interior Polyethylene Appraach

In this apprsseh,palyethylone shacts resesled st tha intaror
raming toform the siebare. Alljcints n th potyetryle

43120 el itwes the g 3 the it i,
{or sevics cavity raming) Aitight boves, made from 05t

Dlywood uithseslant e tape at edges, should benstalled atll
Serice opening. Roughin ke cables should be nsaled and
sasled st the inght o The varius nterlaces betueen the

oot and interior clements such a pariton wall, and themany
penetatons o thoesiling, make thosesld polyethylon pproseh
3wl i e system to mplement successfly Threlor,
1t o rcommanded forbuldngs wher High performance.
artghtness s reguire, uness a senice caviy s s nstale.

Sealed Interior Sheathing Approach
(with Service Cavity)

This3pprosch uses a inteior layer of sheathing as the primary
abarior loment t the rao.The sheathingjints are sesled
it 390 o membrane stips, and the permeter i set onto
gasketsonsealanton the oof frming, Penetrations thoughthe
aiebarrie can belmited by using a sevice coiy Framedinside
thesheathing,

cei

g Penetrations

‘aunique challenge o celing artighiness when an interlor air barier s used. - E E f |

side.

, dedicated sir

i place. Thisisolen dome with  seled 0SB or plywood box, rameed o allow

optianfor it roofs with ns ton nthe framing cviy nce
theairBarer must b made flly aiight rom the nerorside of
theenclosure, and the sl sheathingsubstrae llowsfor robust
detaling, The sericecavity s an mportant companen and should
belndhuded whersver possble.

el teior SHegining Approach i Sance Couty)

Al e -
nsdalon e eep brecante it m
ot vy s :
o

Intro to the Guide - Maintenance

Maintenance & Inspections

Flat Roof Checklist

Inspection Maintenance item Description
tpossb dinthefall
ey . e i
o area, Seekprofessions 0ofreguir asistance.
professonsior s .
replaced sa zoon 53 possible.
- " . ‘Typicalty coused by blocked or paoly acsted drai, This atee wil

Vaulted Roof Checklist

Inspection/Maintenance Item

Desaription

Missig granues on asphalshinges

focatedton clas o the oafare potentsl causcs,

stndna et fondrgen heresfl drans o acitate dranage. 1 water continues t pond,seck professional

oo repai assstance.

Paver pdestalsmay cresie pointlaacs on el membrnes and cause
Iccalzed damageof rof mambrane Tharfors, the waterproofing

small pads o blockingtomit sbesion of the rof membrane surface

Moss andalgae hold maisture on yur oof that an €3d o premature

Fressis mossaralgae o e o certaintypes ofmembranes o fat o,

Bl T X I Al cebrsshould b remaved to svoid damage and clogging f drses.

[-T———

s and algae held moistre onyour ool that can lesd o remsture
foares of shakes s shingles o vauled oot

Foreign objects o bul.up ofderislaaves
vegetation fox nongreen s} on 0ol

Al debiis shauld be removed 13w damage and cloggingofdr

Ouerfowing eavestioughsor backed up downspouts

Guttrs and donwnspoats must be nspected and cleared regulary. Consider
wimming neatyrees back o reduce debis k.

Mssingor damaged lshing eavestioughs,
onpipes,sealants, snd drsn baskets

bergularyinspected wnd mointsined.

Exterioreview orsgnacl

ncishe pmetraion/accirmlation

Forunvented spray fasm oo, eteror rvien may be e anlywiayto

efaving evestraughsorbckedp dowrepoc
Orefining covestonshs orbacked 0D AMPOUS | g s tees bacto recducedes blup,

assstanc fordearing dains.

For nsented prsyfoam 08, exterior resiensmay e he oy oy o

Extrio e fo signs of
moistre penetrationaccumulation
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Intro to the Guide - Summary

Summary of Roofs

2 BUILDING
I J *scmwcs m—

Discussion + Questions

FOR FURTHER INFORMATION PLEASE VISIT
2> www.rdh.com
- www.buildingsciencelabs.com

OR CONTACT US AT
- Lorne Ricketts | Iricketts@rdh.com

=
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