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Highly Insulated walls

+ Biggest energy users in new Canadian houses
— Space heating followed by
— Domestic hot water
» Codes and Consumers demand more
— Increasing Insulation
— Increasing Airtightness
« Concerns about moisture risk
— Any change comes with risk of unknown

ROH
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Mom’s Rules of Building Science

Close the window / door / fridge

— Airtightness matters

Wear a hat

— Sunshade, rain shelter

Don’t tuck pants into boots

— Drainage and shingling

Wear your jacket, sweater, mittens
* Insulate on the outside

ROH

Design Information older than | am.
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“Perfect Wall”

« Why perfect? Identify layers & Arrangement

Cladding

1. Water Control

2. Air Control

3. Thermal Control
4. Vapor Control

Support

A\

Service Distribution
Interior Finish

Perfect Wall expanded

Cladding

Thermal Control

Water-Air-Vapor Control
Structure
Service Distribution
Finish

Fire Control may be needed
Sound Control optional

ROH
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The Perfect Wall

« CMU/concrete
backup
. ~ \
Cladding >
Insulation >
Water-Air-Vapor Barrier —
Structure >
Finish =

ROH

Perfect Wall

+ Steel Stud
Backu
i Cladding ?
Insulation R
Air-Vapor-Water Barrier —
Structure
Finish _

ROH :
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Can push to near
R-20 with 5” ccSPF

-

From www.BuildingScience.com

Double top plate
Taped and painted '5"

or collulose
insulation in stud space

Exterior sheathing

Baard Dwn by
D ik’ A

Lok b o
-

S vy e
Dol getwrer wel @ W oc

n Deb ctevor wh
"t o

Historically first response to higher R
1970’s design. Labour intensive
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The “Perfect” Compromise ©

» Works well
with wood

Thermal control

|~
Cladding ———F |

Water-Air Control
(Vapor permeable)

ROH

Structure
Finish

Fibrous cavity
insulation

Latex paint (Class IIl)
vapor control

Fiberglass
insulation at rim
Joist

Lapped to provide drainage —

plane continuity; taped for
air barrier continuity

[

Single top plate
28 stud wall @ 24" oc
Taped and painted /"

gypsum board as
interior finish

Sheathing

Corrugated spunbonded
polyolafin (SBPO) air and
water barrier

Tape joints in sheathing

<~ 1”10 6" of insulating sheathing

(XPS, EPS, rockwool, PIC)

1x3 furring strips

Fiber cement lap siding

12
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Getting to Higher Insulation Levels in Exterior Walls

Exterior Insulation

R-15 to R-60+
Base 2x6

Framed Wall
<R-16 (wood)

Deep Stud,
Double
Stud,

SIPS
R-20—-
R-80+

<

|

Issues: cladding attachment, thickness

W

™

)

Issues: thermal bridging, thickness, durability

W

2 Interior Insulation
Split Insulation R-20 R-20 to R-30+
0+ E

y

|

!

——

7

=

Wi

Issues: cladding attachment, material selection

Lots of field experience around

A
0




Cladding Attachment through
Exterlor‘lnsulatlon
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Moisture and exterior insulation

« Exterior insulation reduces condensation
— Fewer hours per year
— Lower quantity
 Exterior insulation slows outward drying
— Drainage and ventilation enhance drying

ROH ’

Where does condensation occur?
Diffusion or Air Leakage (Convection)

[ —
OUTSIDE iﬁé INSIDE
)

21°C (70°F)

-15°C (0°F)

“Dew point”

Location of
condensation
and frost

Exterior
sheathing

Y

ROH
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Exterior Insulation:
A

Condensation

|

Temperature

Interior
.\| air
\

|

|
|

\ Safe range
| of indoor air

|
| |
% Back of
\ T sheathing
|
|

"| dew point
In |
?Y._\.—Y— Exterior
' air

Distance Through Wall

>

19

Diffusion vs Air Leakage

Wall 1 Wall 2

« Vapor diffusion onlv * Vaoor diffusion only
* VB=60 ng/Pasm2 *' VB=600 ng/Pasm2

Exterior
T=0'F/-18°C
RH = 80%

48 grams / month 538 grams /month
= 3 tablespoons =24 cups

ROH

Wall 3

* Ait leakaae onlv
* VB=6ng/Pasm2

[

Interior

T=70°F/21°C
RH = 38%

7

b

A
WL

%

!

|

22,200 grams / month
=98 cups

17-11-23
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Air leakage
== S\ S\ %V pathways
- ’ 1
o, ; Hot air =
«ﬁf.o : less dense
: Zr
f‘? . .r -
== Condensation B A8
el on cold i‘"
surfaces ,l " Airflow
N e \ ‘ ——
(SA»m " ] "‘4
17 o o= e
.an&;o;’ | Cold Outside | T\’ a* | Warm Inside
:jéz‘ ‘
g ’ Cold air =
¥ Z jl § heavy

New High-R

Highly insulated walls can be simple

— Just add exterior insulation

— Exterior insulation reduces condensation risk
Moisture risk goes up unless you design for it

— Add more insulation

Need to think about vapor barriers

— Balance exterior & interior permeance
Airtightness still critical

ROH .
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What is the worst
you can get away with?

ENERGY CODE
REQUIREMENTS

23

\ >
Representative Manitoba Climate Zones

HDD
Winnipeg 5670
Brandon 5760 ZONE7A
Portage la Prairie 5600
Steinbach 5700
Flin Flon 6440
Island Lake 6900 ZONE7B
The Pas 6480
Thompson 7600
Churchill 8950 ZONE 8
Lynn Lake 7770

17-11-23
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MBC

» Adopted NBCC 9.36
* New Approach- Effective R-values
— All layers matter to thermal resistance
— big thermal bridges are accounted for
* Review:
— U-values = 1/ Rsi
— Rsi values = 1/ U-values
—RsI * 5.678 = R-value

ROH

25

MBC in 2017

Canadian Code Requirements for Minimum Thermal Resistance of Above Grade Wall Assemblies

Celsius Heating Degree Days for Climate Zones and Typical Locations

Zone 4 Zone 5 Zone6 | Zone7A | Zone78 | Zone8
<3000  3000-3999 4000-4999 5000-5999 6000-6999 7000

Vancouver Kamioops Cranbrook Caigary Fort McMurray. Yellowknife
Victoria Kelowna Prince Rupent | Edmonton Cold Lake Nunavut
Windsor Lethbridge Winnipeg Whaehorse
Code/Jurisdiction Hamition Brampton Chicounmi
Toronto Ontawa Quebec City
Montreal Edmundston
Fredericton
Moncton
Saint John
Haldax
St John's

anasaomss| 158 175 175 175 219 219
Ne HAV) (RSI12.78) (RS!13.08) {RS13.08) (RS!3.08) (RS13.86) (RS13.86)

el Bukdng Codes26 | 1158 | 16971169 | 189 | 175 | 75

(with HAV) (RSI278) | (RSI1297) | (RSI297) | (RSI297) | (RSI308) | (RS13.08)
2015
National Energy Code 18 20 23 27 27
§ for Buikings (RSI317)  (RSI350) (RSI405)  (RSI476) (RSI476)  (RSI5.46)
@ | April 2016
Amended NEC for Manitoba | Same as Same as Same as 159 159 Same as
§ weth HEV. No HEYY refer 10 NBC) NBC NBC NBC (RSI280) | (RSI280) NBC
I 17.03- 21.40 2032 - 2532 ,
I S8-12, AFUE 2 90% (RS13.00-3.77) (RS13.58 - 4.46) 6

17-11-23
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MBC Part 9

with

without HRV =) o

HRV
RSl = 850 (7A, 78 & 8) (R48.3)

RSl = 10.43 (7A 78 & 8) (R59.2) |

Gross Roo! Ares
Inside Dimension

RS| = 0.63 (7A) (R3.55)

RSl = 0.71 (78 & 8) (R4.06)

Exterior Wall
above Grade Height
(top dimension)

| with HRV
RSl = 280 (7A & 78) (R1
RS = 3,08 (8) (R17.5)

S = 308 (7A) (R17.5)
RSl = 3.86 (78 & 8) (R2)

59)

9)

Ref: Portage Planning District

NECB 2011/2015

Heating Degree-Days of Building Location

Zone 4

<3000

Zone 5
Zone 6

3000 to 3999 4000 4999

Zone 7B

one 7A Zone 8
000 to 5999 6000 to 6999 7000 to 7999

Maximum Overall Thermal Trarémittance (U-value), in W/(m?-K)

NECB-2011[Table 3.2.2.2

Walls 0.315 0.278 0.247 0.21 0.21 0.18

Windows 24 22 22 22 22 16

Roofs 0.227 0.183 0.183 0.162 0.162 0.142

Floors 0.227 0.183 0.183 0.162 0.162 0.142
Approximate Minimum Overall R-value / RSl-value

s 18/3.2  20/3.6 23/40 | 27,48 27,48  32/56

Windows 24/042 26/045 26/045)26/045 26/045 3.5/0.63

Roofs 25 /4.4 31/55 31,55 | 35/6.2 35/6.2 40/7.0

ARl 25,44 31,55  31/55 \35/62  35/62 40 7.0 }

N

17-11-23
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Which R-value?

* |nstalled R-value

» Center-of-Cavity R-value

» Effective R-value

— Term defined by code
— includes some thermal bridges
—ignores some thermal bridges

ROH

29

Thermal bridgin

g

thermal bridging

o heat flow
g
— '\\"‘(’ —————— N
Installed \ 4 &
Insulation ll a
.

( ‘ siding
simple clear wall [~_{ sheatiing
R-value R-value :mt : Jmmmg
through Effective S
studspace includes
Nominal thermal =

lati bridges ”
Insulation 8

e X1

14(e]|

30

17-11-23
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Calculating R-value

« Just add the layer R-values for center of cavity

Layer#1 2 3 4 567

Interior
/— Finish

Exterior Airfilm
Exterior Finish
Air Space
Insulation Layer
Framing w/insulation
Interior Airfilm

Riotal™ Ry + Ryt Ry +R i+ RgtReHR;

total™

Calculating RsI

* No longer just report what is “in the bag”
* Now: add up all the layers
— Interior air film + gypsum (R-1.13)
— Stud and batt together (looked at next)
— Exterior sheathing, gap (if any) siding
— Add any insulating sheathing
Lot of R-value is still in cavity

RD

17-11-23
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Thermal Bridaina

N

* Alocal area of the enclosure that
has higher heat loss

+ Steel studs, floor slabs most important

Thermal bridging at
structural penetrations

)
-

)

17-11-23
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- st
Find the thermal bridg

36

17-11-23
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Find the thermal bridge

Find the thermal bridge

laws.
wut written

38

17-11-23
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How much is framing

Table A-8362441)
Framing and Cavity Percentages for Typical Wooddrame Assemblies”™

Frame Spacng ma (n) oc.

V() | w616 | w@s(192) 608 | 122048
Wood frame Assembles NAmE | %A | SAm %Am | SAm
[ g (O | g [OW | kg |OW | iy O | wg | O]
Foors
hamber joists - - 13 8 ns  sas 0 %0
I40ists and tuss - - $ -l 5 ®Rs 5 3¢
Rocts/Ceilings
calings win hypesl - -
o A 7] ‘ & ‘ 128 &8 n . £ ‘ ‘
colings wih raised heel  _ - - -
- 10 ® a8 s . ? «
rools with Lumdar rahars
#nd celings with umber - - 12 04 ns s w0 %0 - -
1005 with joist rafters. & 3 u =
nd celings with Hoists | 9 91 ' 15 ®s (] £ . .
rools W structul a a R - - - - - s 8

Wals Choose from spacing
waimtiins |35 8 (BT s ms | % [ [ < |-

sanced wood iame = = . -
With Godie 10 pate 19 L 75 RS 1% B .

I SiPs - T 7 Note:SIPS s not zero 14 | 85
q ). g o—— =

Parallel Path Method

First, calculate thermal transmittance through each of the
paths (eg., wood studs and batt insulation) is calculated.

Then, total heat flow is calculated based on a weighted
average of the areas of each path

Unud qunv i
Typ. width
A

I

i
Stud Cavity
Two Distinct Parallel Heat Flow Paths

C—————

= A b
UAVG - UStud A +4, + Ubatt A+ 4,

ROH

17-11-23
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Thermal bridging NBCC

* NBCC uniquely uses slight variation on parallel path
« Framing/batt layer is calculated as an equivalent layer
(using parallel path) then other layers added
100

RSIframing -~ % arcalzilsflframing £ % am?{ls)[r cavity
F C

RSl RSl

» Slightly less accurate
and lower for wood

frame walls but PRI

qUite close stud @ 406 mm o.c. cavity insulation
23% 77%
(area of (area of
framing) cavity) Example: 2x6@ 16” o.c.
I Can calculate in R-values or RSI so long as you are consistent

Parallel Path Example

R-19 batt vs R-22 batt + R-8 ci

Path A Path B Path A Path B

interior film 0.68 interior film 0.68 interior film 0.68 interior film 0.68
1/2' GWB 056 1/2°GWB 0.56 1/2' GWB 056 1/2'GWB 0.56
Batt 19 2x6 6.75 Batt 22 2x6 6.75
7/16" OSB 0.62 7/16" OSB 0.62 7/16" OSB 062 7/16" 0SB 0.62

Exterior ci 8 8

Vinyl Siding 0.62  Vinyl Siding 0.62 Vinyl Siding 0.62  Vinyl Siding 0.62
ext film 0.17 ext film 0.17 ext film 0.17 ext film 0.17
Total 21.7 9.4 Total 32.7 17.4
Path A % 0.77 0.23 Path A % 0.77 0.23
Effective R-value 16.7 Effective R-value 27.2

ROH ;

17-11-23
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B R B B BN
0o o N E-) =)} 0o o

Overall Effective R-Value (oF ft2 hr/Btu)

a

Steel 3 5/8 Stud

10

15

Wood 2x4 Stud

Framing Effect on R-values

Framing @ 16” o.c.

Wood 2x6 Stud

\
\

Steel 2x6 Stud

25 30 35

Framing Factor %

"\1 : lt
Rﬂ.%‘ba
I
f ;< l,';

f [

‘\’ .

I i

" !‘ ”:
|I Ll
g/
[ |‘ :

. {.‘ -

1)/2, 3 4 5 (6 7 8 9 (10
[WALL ASSEMBLY COMPONENTS' RS | R
KR To0s| ow

2 vinyhsiing (no a space) on | o8
[ 3 mphwttiemgrogrused paper [aco0| aco

4 T @5Amm) extruded polystyrene type 34 08% | 505
|75 36" ) 058 shesthing on | aa
{76 26 traming Hted with F19 bart o 16" 0.c. 236 | B4
[ 7 potyetiene 000 | 000
[ 8 V2" (127enwm] gypsuen board om[ 045
[ 79 hnexicouwepimerandmerpant | 000 000
10 ionerior s i on | o
| Effective RS1 /R Vakoe of Entre Assemily 3702099
| Corme of Cavity RSH / R Ve 468 | 2659
(e A e sl JEAI Y A08
EERR R ||

N
ot \e
Lg\Y)
g o€ A
1of°
44

Source: CWC On-line calculator

17-11-23
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& B owe.ca/thermal_design categar

v On-line tools to help

~Calndar 850 @ NYTimes $ COCNews SR MC-F1 M G-Fmance oy UWw I L-WaES W UWLERT Wy VWURRIS ([ weaw

- ! i .
Cacadan  Consed & 3
Wood canadion S . 13 >y
¥ Oy Dols -

_ES
S
Bulding Schtiont  Design Wi Wood  Weod Praducts  Why Wood?  Green  Educaion  Evests

Pdbomons  Sobvewe O Tsls  WelSie  HelpOesk

(I 1o i Thamd Corwy o+ 310 < 344

CWC. Thermal wall calculator.
Effective Thermal Insulation (Reff) group:

Go %0 Caloudater and Seach Now View Codes Table
<155 155-184 185-214
215-244 M5-274 275-304
305
Tele Reff | FRnomind Faming  Spaceg Cavity Fll Sttt Wood Cadorg
Sheathy
F&ss0v m " s MoL S RIBDAMT G 716 n OSB Vit
FASHneO2xy m pIA 4 Mo 4 by 116 n 0S8 Vi
FESIANAPWY prAl n Fe ) Moc R28 batt V1 n Plywood Vit
R5+ 651 N9PWIXS pral WO D Wiloc 19 bast Vi n Plywood Bock
— | F6.516.22 PWIXY m nos e 160t G R2ban V1 Pywood Vi
plywood
S napwiIxy pril M DA MWiloc R4 bty V1 n Plywood Vi
FESW M4 PWEBD! m s s oo R24 ban 11 in Pywood Beck
fesSw M pPweatn prdl un s Woc =19 bant U2 n Pywood Bock
feSiemOnPaon m N Dis Woc 19 bat e n 0S8 Bock 45
FESIGNCOIED pril s Dk Boc R24 bant N6 n 0SB Back
Appendix Table A9.36.2.6 Basically calculates the stud/batt combo
Table A-9.36.2.6.(1)A.
Minimum Nominal Thermal Resistance (RSI) to be Made up by Insulation, Sheathing or Other Materials and Air Films
in Above-ground Wall Assemblies
Minkrum Effective Thermal Resistance Required by Aricle 9.35.2.6.
Thermal Resistance of Insulated
ARy for Above-ground Wall Assembles, (m KYW | b 59 g |
Description Nomnal, Eflective,
. : .97 08 388
o Framing or (MKW (1 °FNBw) (2 KW = .
Insutation in Controus Entire Minimum Nominal Thermal Resistance,™ in (m*-K)'W, to be Made up by
Framing Cavity Materists Assembly Insulasion, Sheathing® or Other Materials and Air Film Cosfficents
None 236 0.420 061 072 149
334 (R1g)n
1.32 (R7. 368 - - - 0.17
38 x 140 mm e sl l l
wood al 406 None 255 023 042 054 1.3
87
men oc. (R22) 88 (5) Ve = o - 042
423 (R4) None 265 0.12 030 042 1.18
46

17-11-23
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Tall wood

* Lots of framing on
lower floors

NECB 2011/2015

Many thermal bridges can be ignored, but..

1) In calculating the overall thermal transmittance of assemblies for purposes of
comparison with the provisions in Section 3.2., the thermal bridging effect of closely
spaced repetitive structural members, such as studs and joists, and of ancillary
members, such as lintels, sills and plates, shall be accounted for as described in
Article 1.1.4.2.

Wood and steel studs need to be counted
Repetitive framing like Z-girts

ROH

17-11-23
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Interior Insulation

Hard / impossible to get continuous

1. Intermediate Floors

2. Baconies, Projections, Shades
3. Parapets

4. Window and Door perimeter
5

6

. Internal Walls to External Walls

Thermal bridging at
ermal bridging a . At Grade

structural penetrations

R JI'I Floors, roofs, slabs cause penetrations

Thermal bridging nightmares
“* Building | :

Srianca cn m

17-11-23
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Surface Films @ Thermal Bridges

» Bad thermal bridges cause
internal condensation

Thermal Bridging Causes Surface Condensation

Corners - thermal Exterior closets - little
/ bridging and less airflow airflow, insulating clothes
% 4 A

L % b ﬁ
~ \ Poorly insulated window
\ Behind furniture - poor airflow

frames and glass
and insulating material

-
1
I\-ll 1 B

Thermal Bridge Examples

» Balconies, etc
* Exposed slab edges

= 2R 3
& - 'a N | N (
R [ £- 3 ¢ T
B A" i
4 WE . -
v - T
pertt .
ot 3 » - X
S
| 2

26
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al BridgiRg«(@ Floor Slabs

Floor Slabs

27
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Exterior Insulation L]

Much easier to get continuous

s 1. Cladding attachments
J F 2. Windows and doors

3. Balconies and canopies
Cladding

attachment

can cause T
thermal =
bridging

Solutions....
Avoid Thermal Bridges!!!!

1. Insulate on outside

2. Align window with insulation
layer

3. Use thermally improved

cladding attachment
4. Use structural thermal
breaks if needed

Wrapped Thermal

?J -I Envelope Breaks

28
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Crossing Z-girts

Aluminum Clip & Rail Thermally Improved Clip Non-Conductive Long Screws through
& Rail Clip & Rail Insulation

Summary of Cladding Support

Continuous
Vertical Z-Girt

Continuous
Horizontal Z-Girt

Aluminum T-Clip L

Intermittent
Galvanized Clip

Stainless Steel Clip _
o |
Galvanized Clip
Fiberglass Clip Galv. Screws
Galvanized Screws -
Fiberglass Clip SS Screws -
Stainless Steel Screws .
Fiberglass Clip No Through Screws .

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percent Effectiveness of Exterior Insulation (Typical Range)

29



Cladding Attachment: Masonry Ties & Shelf Angles

L

Continuous shelf angles
~40-50% R-value loss

Brick ties

10-30% loss for most galvanized ties,

5-10% loss for stainless steel Shelf angle on stand-offs
only ~15%-20 R-value loss

Code Compliance Paths

Project
Information

Prescriptive Trade-off Performance

—

Installed Overall U-
R-value value

Hourly energy model of
whole building

%
Li§lited
RAibilty, simple

i ot Easy, calcs account for different Mest flexible, hourly camputer
Kestrictive calculations Y, ) . model, detailed information,
No calcs window area and quality. Can’t e
allow many difficult to do early stage,
trade walls & roofs

combination requires expertise.

Mandatory minimum HX/AC Lighting assumed

17-11-23
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What to Include

9.36.2.4. Calculation of Effective Thermal Resistance of Assemblies

1) In calculating the effective thermal resistance of assemblies for the purpose of comparison with the
requirements of Articles 9.362.6. and 9.36.2.8,, the thermal bridging effect of dosely spaced,
repetitive structural members, such as studs and joists, and of ancillary members, such as
lintels, sills and plates, shall be accounted for. (See Appendix A.)

2) Minor penetrations through assemblies, such as pipes, ducts, equipment with through-the-wall
venting, packaged terminal air conditioners or heat pumps, shelf angles, anchors and ties and
associated fasteners, and minor structural members that must partially or completely penetrate
the byjilding envelope to perform their intended function need not be taken into account in the
calculation of the effective thermal resistance of that assembly.,

3) Major structural penetrations, such as balcony and canopy slabs, beams, columns and omamentation
or appendages that must completely penetrate the building envelope to perform their intended
function, need not be taken into account in the calculation of the effective thermal resistance of
the penctrated assembly, provided

a) the insulation is installed tight against the outline of the penetration, and

b) the sum of the areas of all such major structural penetrations is limited to a maximum of 2% of the
gross wall area calculated as described in Sentence 9.36.2.3.(2).

What to include

* The big stuff, not the screws, etc
Include in Exclude from Calculations

calculation
Repetitive Minor penetrations
structural - pipes, ducts
members - Packaged air conditioners
- Studs - Shelf angles, anchors, fasteners
- Joists, lintels
- Sills, plates
Credit for adjoining Major structural penetrations
unconditioned - Balcony slabs, beams, columns, ornamentation,
spaces Provided: insulation is tight to penetrating element
- Total area of all major structural penetration is
limited to max 2% of wall area
ROM §

17-11-23
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Vancouver test hut sponsored by Dow/Dupont/Hardie
NRCan-sponsored research at University of Waterloo

FIELD MOISTURE STUDIES

63

Field Testing & Demonstration

17-11-23
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Field Testing & Demonstration

R-20 fborglass batt
/;" 0S8 sheathing

Tyvek® DrainWrap™

1'/;" XPS insulation

Single layer of 30 min
bulicing paper

W sweeo

ROH

17-11-23
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Round1: Interior Wetting & Rain

17-11-23
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Round1: Interior Wetting & Rain (no
_exterior insulation) _

ROH

Round2 Exterlor Wettlnq & Rain

I L
.< ’ ',J'\-\z»‘
3 » g a
A 20 * 4 TN -
- X Vi | i of S B
. | 4 - - 4 =3 ’
§\ [ . >
= - 5
¢
7

17-11-23
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Rain

1
A o
4 v 47
:
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Summary

* Vancouver climate
— Exterior insulation outperforms standard 2x6

— Imposed leaks dried out, usually more quickly
than standard 2x6

ROH

NSERC/ NRCan -> U Waterloo

+ Assess high R-value walls of future
— High-R? About 50% less heat flow
— Thus, over R-30
* Moisture performance
— Higher risk of condensation?
— Slower drying?
+ XPS, Polyiso, EPS, Stonewool available

ROH

17-11-23
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R-values

+ 2x8 with ccSPF max of R28
+ Others reduce heat flow by nearly half (R-32)
» Walls 5 & 6 have no 6 mil poly

Wall R effective
(9.36)
1. Double Stud R44 32?
2. I-Joist R44 30?
3. 2x6 Datum 17.7
4. 2x8 ccSPF R40 27.7
5. 2x6 PIC R22 batt 32.4
6. 2x6 2.5" XPS 32.9
7. 2x6 3" MFI 33.0

ROH -

Walls isolated from each other

17-11-23
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All walls installed

Exterior Insulated Walls

E
v
“

39



Instrumentation

m Fibre Cement, Tyvek, OSB, 2x6, R-22 fibreglass batt, 6 mil poly, latex paint (Base Wall)

a JI -y
I Clevation

&=

L.

o o 4
] -t - 207
R BN

l <
B o

Il HFE D B A

A

Layer Fusetion Oeta gty
A Interior Finish Panted gypsum bosed
8 Vapor Control 6 mid poby
{C  Swdspace R-22 fergiass bast

D Frameg 26

€ Sheathing 16" 0S8

F Membrane Tyvek

G aulation none

H Drarage "3

I Caddng Cement fitve lap sidng
Sensor Package

[Layer  Cove Locaton

A tsem Interior finish, rtecior face. 48°

c tAcnm Studspace, interstisal. 48°

D mdet Framing, exiancs 0dge, top plate

D el Framing, exience edge. botiom plade
3 men Sheathing, intersstial, 50"

E mhem Sheathing, inferstitial, 45

€ md Sheathing. Inlerstitial, 167

G em Drainage space, interor, 48°

1 tem Cladding, intorsstial, 45°

[0 Reatasrve rumaty ana Tamonratize Sersor Package

0 Moistirs Content Pirs and Temparatuse Seesce Package

Results
» Measured for over two years
— Currently undergoing spring rain wetting
— Drill down on drying performance
* More results are being developed
— More rain leak studies this spring

ROH
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OSB Sheathing Temperature

/ Stonewool & XPS

polysio 7

|
o

N
)

Temperature (C)

N
o
|

— N5-TEIM Datum, double

— N6-TEIM stud I-joist
N7-TEIM

|

n

o
1

-25 T

L e e e e e e e L e e e |
4 5 6 7 8 9 10 11
Jan - 2014

1 3
RJ -I Polyiso performs at less than R12 .

North OSB MC

— N1:0SB M
— N2:0SB M
20_. .................. .................. .............. NS:OSBM ........ .
] Double stud/ I-joist : : N6-0SB M :
: : — N7:0SB M

- PIC/XPS

Moisture Content (M%)

T T T - T - T - T
Sep Nov Jan Mar\ Mav Jul

2013 - 2014

Stonewool
R J -I Double stud is near the edge in Waterloo
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Calibrated

Air leak

X 1 Ingected Ak Flow rate - 1133 L (40 CFH)
| mm Air-layer flow rate [Max] - 864 ACH
s Simulated flow rate calibrated to MC-data
: ~
\

| mas Air Layer located on

\ Dorizontal modelisg planes through
OSB MC-sensors

Measured data in-line with borizoatal

Vertical velocity in cavity (min):

3.4 m/hr foe Type 1 (1.7 ACH)

7.8 m/hr foe Type 2 (3.8 ACH)

139 m'w for Types 3, $:7 (67 ACH)

Isjected Air Flowpath

l
1
1
1
1
l
1
1
M 1..
l
1
1
1
1
1
1

30

-t N N
[¢)] o [6)]

Moisture Content (M%)

—_
o

N B

[¢)]

Winter Air Leakage

Start air injection

Stop Air Injection

Lo v v by

T

Double stud/ I-joist \

polyiso
Possible Condensation

— N1-OSB L
— N2-OSB L
= N3-0SB.L
.. — N5-0OSB L
atum N6-OSB L
Y — N7-OSB L

.ﬂ rh

bt
\
+ Ext Insul.

./‘”J'—ﬁ"mww

! Apr ! May !

13 84
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Calibrated water leak

j
-
<
a

1.2m

24m
=

BE

Wetting sheet
OSB exterior

03m_| 0.6m Lo3m
12m

® Moisture Content and Temperature Sensor
& Heat Flux Transducer
& Air Injection and Exhaust Ports

Moisture Content (M%)

Water leakage

c c
1 £ 2 — S1-0SB L
] e 2 — S2-0SBL
{1 £ = — S3-0SB L
20_ ..... % ................. % ...................................................... SS_OSBL .............
1 = = Datum/ 56-OSB L
dbl stud — S7-08BL

Jun Jul Aug Sep

86
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Modeling

» Computer model WUFI
» Extrapolate
— Different climates
— Varying Interior RH
— Different insulation levels

ROH ’

Model vs Measure

Double Stud Wall- OSB Moisture Content
WUFI Model vs Upper OSB Sensor
30
25
K20
po
c
2
c
S1s ,
g
=]
]
= W
5
—WUFI
—Measured
0
N NN OO OOHOOHO OO OO O OO OO ONOONDS I I I T T < < <
SRS dgggadaddadgaaddgdeld g ddgdd
>>UEC_Q‘—L‘—>CCEQDQ.D_“>>UC.D_D‘—‘—>>C33MQ_
2288823228337z a9088832¢e3832235528
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R-value

Edmonton, AB Weather (Cold Year)
PIC Wall- OSB Moisture Content
Various Levels of Exterior Insulation

Extension

30
25

o wn o wn
o~ - -
(%) 3ua3u0) ainisioN

¥1-90
p1-das
¥1-8ny
vI-inr
vT-Inr
yT-unt
vI-Aey
pT-1dy
p1-1dy
vI-JeN
v1-924
y1-uer
€1-22@
€1-22@
€T-NON
€1-10
€T-das
€T-das
€T-8ny
€T-Inf
€T-unf
€T-Aey
€T-Aey
€T-1dy
€T-1eN
€1-934
€1-934
€T-uer
z1-220a
TI-NON
TI-AON
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Interior RH really matters

Edmonton , AB Weather (Cold Year)
R-12 PIC Wall- OSB Moisture Content
Three Levels of Interior RH
30

. / ) |

N

o

L
B

Moisture Content (%)
&
"]
I
/

10
—High RH

5
—Medium RH
—Low RH

0

Real walls

* Real assemblies fail if

— air leakage is too much (and RH is high)
— Too much rain wetting (often windows)
* Re-run models..

— Account for some leakage of air and rain

ROH ’
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Response to Rain & Air leak

- vC<20% nomoid growh = MCls 2010 28%,pokenal for moid growh

- = MC >28%, moisture problems expected, tis design is NOT recommended

Vancouver

Toronto

St. Johns

Ave. Annual Temp 9 °C

Ave. Annual Temp 7 °C

Awe. Annual Temp 4 °C

Wall Construction

HDD 2910, 304 mm Driving Rain

HDD 3800, 77 mm Driving Rain

HDD 4881, 291 mm Driving Rain

Cavity Cavity Exterior [ Ext Insul.|  Vapour

Wall

No Leakage |1% Rain leak|2% Rain leak|No Leakage |1% Rain leak|2% Rain leak|5% Rain leak|No Leakage (1% Rain leak|2% Rain leak|

Insulation | Deph Insulaon [ Thickness|  Confrol
’ B Folyethylene
Datum| Fiberglass [ 5.5 none 0 ‘shest

Latex

) . polyiso- . | paint+primer
2
PIC [Fiberglass| 5.5 cyanurate Polyethylene
sheet
Latex
§ . extruded w | paint+primer
s |Fiveglass | 55 | ol 28" ey
sheet
Latex
§ . expanded paint+primer
d 30"
EPS | Fiberglass | 5.5 polystyrene Polyethylene
sheet
rockwool pa.;i‘::im
. . " u
RW | Fiberglass| 5.5 msulatgd 30 Folyethylene
sheathing sheet
Double , Polyetnylene
Stud Cellulose | 11.25 none 0 sheet

General Notes:

a. Walls are residental wood frame with light-colored, thin cladding facing north: this is a worse-case scenario for cold-weather difusion weting

b. Resulfs are for OSB sheating. Plywood sheathing values wil be equal or lower. OSB permeance is always over 60 ng/Pa-s-n¥ in exterior sheating applicatons.

c. Sheathings of DensGlas, FiberBoard, and Gypsum Board are all very vapor permeable and hence wil have lower moisture contents

d. Thicker foam will always result in lower winterfme sheahing moisture contents

e. Efecive Air Barrieris assumed fo be installed, as is proper rain control Q2
f. MC values are for inner 3 mm OSB sheathing

Study Conclusions

* Increasing exterior insulation R-value
— Safer wall
— IF enough exterior insulation used
+ Control interior RH in winter

+ Poly can be removed if enough insulation
exterior to 2x6 (about R15 in Winnipeg)

ROH §
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AIR CONTROL

Airtightness: System is key

Why increase airtightness?

— Save energy (as insulation levels increase
airtightness becomes more important)

— Typically 30% of heating is air leakage

— Improve air quality: where is air coming from?
Need to add controlled ventilation

Codes/ standard are beginning to demand it
Can only really know tightness by testing

— Must begin to test large buildings

ROH
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Air Barriers Requirements

* Requirements
— Continuous (most important)
— Strong
— Stiff,
— Durable,
— Air Impermeable (least important)

« Easily 1/3 of total heat loss is due to air leakage
in well-insulated building

ROH

97/175

17-11-23

Commercial Buildings:
Often an exterior air barrier is the only practical solution

17-11-23
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Air Barriers Are Systems

Whole Building
Airtightness

Exterior Air Barriers

* Many more penetrations and details with interior air
barrier approach

 Exterior is preferred today

Interior Alr Barrier Approach Exterior Air Bacrier Approach st
=
Transition from outside to inside L‘/i =
Interior connection to ot vented attic; Low-slope roof ]
air barrier at celling/attic floor afl exterior connection

Complex transition af No interruption ot floor and

fioor and interior wafls P interior walls AT
Connection to below-grade Connection 1o below-grode
Qir bovrier componments air barrier components

ROH
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Why Exterior Air Barriers versus
Interior?

Vapor permeable air
barriers developed in
the 1980s

Vapor barrier air
barriers first
deployed in 1960s

Contiry) e o tuwd et |
- Ny - M e o |

=T

ROH

1980’s Poly Air-Vapor barrier

Label of “vapor barrier” created lots of confusion

Flexible
membrane
hard to seal
Separate “service”
walls developed
Still possible, just
not best or most
economical

17-11-23
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Air-Water-Vapor Membranes

» Often thin layers, membrane or fluid-applied

» Can be
1. Water control (vapor permeable, not airtight),
or
2. Air & water control (vapor permeable), or
3. Air, water & vapor (vapor impermeable).

+ Examples
— Building paper, untaped housewrap, sealed
and supported housewrap, fluid applied, peel
and stick

ROH

I} A% [ I
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Fully-adhered vs. Mechanically Fastened

-> Bellows action: airtight but moves air!

- Fully-adhered: uses substrate as support and increases
airtightness

negative pressure gust positve pressure gust

HTH”“HTH AAARARARAAR!

f '<>I< " |

\ 4
housewrap balloons outwards housewrap pressed tight to sheathing

air flows from interior into stud space air flows out of stud space to interior

ROH
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Fluid-applied products ~ =
avoids laps

Fully-adhered, vapor barrier

Requires insulation on exterior to manage condensation

17-11-23
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Self-Adhered Air-Water Barrier

» Self-adhered membrane sheets (vapor
permeable or impermeable) applied to
sheathing along with tapes/self-adhered
membranes at interfaces

55



VENTS AND VENTILATION

111

Wall Drying Mechanisms

gy
—

1. Drainage 4<£4
2. Surface Evaporation 1 AN\ A
3. Through-wall
i) Diffusion
ii) Convection

4. Within-wall Convection = :
Ventilation 3 cho

ROH
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1. Drainage

* Removes rain leaks / condensation faster than
any other mechanism

« Drainage gap... small sizes work, even less than
1 mm

 Flashing!

ROH

Drainage vs Venting

Gaps allows
— Water flow (Drainage) and

— Air flow (Ventilation)

Drainage removes free liquid water
Then dry absorbed / adsorbed water

— Diffusion, capillary, and ventilation
Cavity Design plays pivotal role

17-11-23
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Mind the Gap

* Gaps are used in many technical applications

— Areliable (unblockable), but very small, gap is
needed to provide drainage

— Alarger gap is needed to allow venting (airflow)
* Used in walls, roofs, and below grade

/
/
/
-
.
/
/
’
y,
/
/
’
’
.

¥

i

I

i

I

i

3. ii) Ventilation

Intentional airflow behind cladding bypasses
vapor resistance of cladding

Allows faster drying

Controls damaging inward diffusion
How big of a gap is needed?

— Y%’ 6mm To 17 25 mm is likely range
— Even smaller may help

ROH

116
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Ventilation Drying

eVentilation [

Clear Air Spaces

eDiffusion

elmportant for some Vent Holes.Above
systems that retain & Below Window
drain water

eHelps for small leaks

Vent Holes at Top
& Bottom of Wall

UW — Field Testing (ASHRAE)

y eK - A
Brlck ventllated w/ Felt paper
Vinyl w/ Tyvek
» Vinyl w/ Felt BEGHUT Test Facility UW

17-11-23
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Homasote Sheathing Moisture Content (%)

Drying of Sheathing — 9 wettings x 1.8kg

30

VOVF Wall Cavity V19VF
VOVT Adjustment V19VT
B50VF Sept 3rd 2002 B19VF

N
(¢,

N
o

-
(4]

-
o

(4]

Feb 11 02 Jan 2 03

— May 9 02 Oct 1102 = >
1 Drying Study 'W—Pszsga g 6
0 s L ‘
A Y, 1Y (V4
%, %': 3 %1/ %*o “% 7‘(9 k%"o‘ Oo/ /Vok OQC‘ so*o %, *, % %’k
% % 2 e R TR R R % % % Y %Y

3. i) Diffusion Drying

[

. I Clear Air Spaces
| eDiffusion '

eImportant for some
systems that retain drain
water

eHelps for small leaks

Vent Holes Above
& Below Window

Vent Holes at Top
& Bottom of Wall
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