Hygrothermal Performance of

Cold Climate Enclosures
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simple moisture

rule #2

Warm air holds more moisture than...




: snmple moistdre

"rgle #2

e
&

l » > ”“:‘ b




. e

Vapor doesn't ke craids.

’
a7 ¥

-~
el A




- : 5 LiFsy
AR e AT -
~ (5

g
:
g

ainssaid JodpA ybiy

low va




& Sha;
/;uqv ® A
y

y \ . s ;
*‘“ :'/' \(A >/>//‘.. \

1..-"‘
- 1\‘;__‘
w e ';1 I‘-ill
. B

’ L}
" s §
e J
P s

i 'y o
L Fin 5 "': ."n " l'..t:- &
L | L : 4 - ] e A Rl - .
& . "Mal X . - ’ i . s i
'T' - ‘.“ . e ‘I‘"}lll 'y :' d e . L .| 4 gi '|I| ' " y L , 5 & - r > 4
apor.is'o RN B e o S
s $ .'* ol : ALY el Ak e o Ny P it LA #
. i * 2 s A o . LA & e T . ;-
. SRl M £ %9 its :l' ',".'_i"".' by 'l 'a‘p 05 Ty
. ] .-‘r' b:*\{f L ' > b ."' _f'-- - r & . # +I L A i
49 L wrns e of S ,! i ] ' 'l } i) M
ay A i 9 3. 14 g
.y
4 3 . & - .A?
‘} WA o
B







simple moisture

rule #4

exfiltrationl ..
@l 10F and 100% RH =17 Q1

One heating season @ 70F and 40% RH
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simple moisture

rule #4

diffusion
@1 10F and 100% RH = ?2? "#




conclusion Uhh Mrs Smith..

I found the issue.
...It looks like all
the problems of
the world have
been leaking into
your house through /°
this crack!

Pores are better than holes and cracks
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Capillary Liquid Transport is dependent on:

 Material Properties

e PMoisture Content

 Boundary Conditions










Prevent

WETTING
- Promote
g DRYING

Air Transport

Bulk H,O Diffusion

Ventilation




Prevent Bulk Water Exposure

In wet/humid regions choose materials that are not prone to
moisture damage.

Prevent Capillary Suction

* Damp proofing — seal capillary pores
* Waterproof membranes (PE)

* lLarge pore gravel capillary break

* Drainage

Prevent Liquid Flow

* Use water resistant barrier/drainage plane behind cladding
* Proper flashing of intersections + penetrations

* Drainage!

Techniques interchangeable for ALL regions




 Vented Wall

 Ventilated Wall

 Rainscreen




——Wall 1 - Stucco Rainscrean
—=—Wall 2 - Wood Siding Rainscreen
—i—'Wall 3 - Brick Veneer (T&B vents)

I
Q
=
=
3
°
- =
=
Q@
a
w0
@
=)
c
(3]
=
&
=
=
-
K-,
L

*—Wall 4 - Metal Cladding (hole vents)

Pressure (Pa)

100.0

Ventilated Wall Claddings: Review, Field Performance,and Hygrothermal Modeling _ John Straube and Graham Finch
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A material’s ability to store moisture depends on:

I. RH:

2. Temperature:

3. Material Properties and Behaviors




Properties

Porosity:

Permeability:
not dependent on thickness

Vapor Diffusion Resistance:




Permeance:

layer thickness

| Perm:

Behaviors

incorporates

\A

Permeability:

thickness

A material property
not dependent on




Behavior

Moisture Storage Function:

-  EMC@80% RH

-  EMC@95%RH

Wi




Capillary Radius [m] ——
35 190 2 5 10°107
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Life
Inside a Pore

“SOLID”

“SOLID”

: Depending on pore
RH increases - diameter, a mixture of

free capillary water and
Mono-molecular vapor can be present

RH increases

Capillary pore diameter decreases + cap suction increases
Increased pressure in pore causes capillary condensation




Coupled Heat + Moisture Transport is

Complex

Exterior A Interior

i

; = Vapor Diffusion [0 Capillary Conduction

4
Surface Diffusion

Moist




Psychrometric
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TH E RM Dew Point Location

5/8” GWB
5.5” Dense Pack Cellulose

5/8” Ply/OSB
.5” R-Tech IV EPS

Dewpoint Temp

Indoor Temp




Glaser Method

Dew Point Location

|

Temperature ———
Saturated Vapor Pressure EE——
Partial Vapor Pressure




DI rty‘ec retr

in YOUR walls
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Risks




NO'I' Good

Enough!

%

Recipe for Disaster....?




For our specials this evening sir we have a very fresh
and fragrant mould ... or nicely aged brown rot

fungii with a generous side of structural damage...
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| 2x4 Test WaII 2 years, no VB on interior __

¥

A R 11 batt 2”EPS

o C:::LD CrLimaTe Housing REsearcH CENTER




Class Il
interior side of framed walls

« **Avoiding Class | vapor control layers in general in wall assemblies, except in

special use occupancies in cold climates such as indoor pools and spas.




Vapor Retarder Classes










* Slide courtesy Thorsten Chlupp




Residential Wall 1 - REMOTE

Stud
Gypsum wall board

Structural Sheathing

Furring attached
with screws to studs

*R11 or R13 batt insulation
Sill

4-6 inches
EPS rigid foam

Exterior siding
of your choice

Exterior membrane

Floor joist

Metal flashing




Residential Wall 2 - SIPS+

=
—

5/8" GYPSUM BOARD, TYP.

PASSIV STRUCTURES
WALL PANEL SYSTEM

Z" —
VINYL SIDING, OR ADHERED STONE »i " =

(SEE ELEVATIONS)

2 X 6 STUD WALL
FRAMING @16" O.C. ]
W/ R-21 INSULATION

PROSOCO MVP




Residential Wall 3 - 1”7 Ext Foam

LATEX PAINT

5/8” INTERIOR GVVB

2x6” FRAMED WALL WITH DP CELLULOSE
1/2” EXTERIOR PLYWOOD

BUILDING WRAP

|” EXPANDED POLYSTYRENE (EPS)

3/8” AIR GAP BETWEEN PT STRAPPING

3/4” FIBER CEMENT SIDING



Residential Wall 4 - REMOTE-MW

1-1/8° FLOOR

FLEEH-.IIﬂH:
W2 ROELL

2" RONUL OVER
R

GEOTEXTILE WATER-

PRCCFING FASRIC

172" DRYWALL = o ”
¥4 WOOD STUD WALL @& 24"0.C. \\.:: =
WR-14 BATT INSULATION _\\ ' RS8 WALL
LIUID APPLIED WRB alal
117, R=44, ROXLUIL —, :‘_":Hl
2=
o O W
=
alal 1x4 BATTEN OVER
Balal SOLITEX EXTERIOR
(2L 1-34701 178" JOISTS ool MEMERANS
— — — Ml COR-ANENT SV5
A L L L L L L P Wt VENTILATION SYSTEM
AW aBaPaPaPaPaWal, ! ool -
- "Fi_tl:l ada® SIDING
| RS0 FOUNDATION (IR~ FLASHING
- /_ CONCRETE PAD
CLte :
EAEEEE =
COMPACTED GRAVEL

SCALE: 34" = 10"
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Commercial Wall 1 - Ext MW

LATEX PAINT A

5/8” INTERIOR G

6” STILL AIR LAYER BETYVEEN METAL STUDS

5/8” EXTERIOR GY Y SHEATHING

HVAPOR/AIR CONTROL LAYER SCLASS Il min!H

4” MINERALWOOL

3/4” EXTERIOR PLYWOOD

°T STRAPPING

I”” AIR GAP BETW

3/4” FIBER CEMER




Com Wall 2 - Ext MW Brick

LATEX PAINT A

5/8” INTERIOR G

6” FG BATTS BET

J/METAL STUDS

5/8” EXTERIOR GYPSUM SHEATHING

HVAPOR/AIR CONTROL LAYER SCLASS Il min!i

5” MINERALWOOQOL

| 3/8” AIR GAP

BRICKVENEER




Commercial Wall 3 - Ext XPS

LATEX PAINT A

6” STILL AIR LAYER VVEEN METAL STUDS

5/8” EXTERIOR G

41 SHEATHING

VAPOR/AIR CONTROL LAYER (CLASS Il min)

3” EXTRUDED POLYSTYRENE (XPS

|” AIR GAP BETWEEN VE

NTED MTL STRAPPING

METAL PANEL




Com Wall 4 - Ext XPS Brick
LATEX PAINTA

5/8” INTERIOR G

6” STILLAIR BETV METAL STUDS

5/8” EXTERIOR GY

VAPOR/AIR CONTROL LAYER (CLASS Il min)

3”7 EXTRUDED POLYSTYRENE (XPS)

| 3/8” AIR GAP

BRICKVENEER




Create the Models!!

START

FIND A

MENU ITEM OR T CAN'T T\E TRIED
BUTTON WHICH LOOKS -0 ONE K ONE N THEN ALL.
OK
oK
NO (cLick 1T y
GOOGLE THE NAME
HAVE gr mi IE’ERSGEHH
You BEEN LUS WORDS
TRYING THIS FOR DD T KELATEDTO WHAT You
OVER HALF AN NO NWORK? WANTTo DD, Fouow
HOUR? 7 ANY [NSTRUCTIONS. |

YES

FOR HELP DONE!

| Ask. SOMEONE VOURE
ORGIVE ()P




GIGO Paradigm

Garbage Data Perfect Model B Garbage Result
il

Perfect Data Garbage Model Garbage
Result




ASHRAE project 1325
Year 3




|. Criteria for selecting analytic procedures

2. Criteria for inputs

3. Ciriteria for evaluation and use of outputs




Crunch the Numbers...

construction
details

orientation
inclination

material properties

p,C, A, U

w = f(o)
D, =f(w)

initial conditions
e.g. construction
moisture

climate conditions

temperature, RH,
radiation,

precipitation, wind

speed & direction

dynamic temperature and moisture profiles
heat and moisture fluxes

5x ASHRAE YR3 Burlington and ...




WAF_ _£° _
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Results




WUFI
Results




WUFI Results Data
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Time

Time

Mold Risk
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Mold Risk

Temperature

Temperature
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BAD NEWS BETTER

Total Water Content Total Water Content

N

121172011 6/1/2012 12172012 61172013

Total H2O content should show a regular pattern of seasonal fluctuation
and should not increase over time




BAD NEWS BETTER

Gypsum Board Interior Gypsum Board
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H2O content per construction layer should initially decrease and
thereafter establish a regular pattern of seasonal fluctuation




* Be careful when looking at moisture content
graphs vs. RH graphs!

hygroscopic or hydrophobic




 CCSF

is not completely
impermeable to vapor diffusion

you will have some moisture intruding

fiberglass

Water content
results from VWUFI should be disregarded. Look at RH!




Layer/Material Data

Laverftdaterial Mame | Cellulose Fibre Insulation

taterial Data ] Info l
Hyorothermal Functions

r Basic Yalues

Bulk density [lla/ff] |1.873 Liquid Transport Coefficient, Suction
: Liguid Transport Coefficient, Redistribution
=2 e (5 ) ;
Drns.|.ty[ 1l : 4 Fermeahility. maisture-dependent
Specific Heat Capacity, Dry [Btuflb’F] | 0.444 Thermal Conductivity. moisture-dependent

" s . Thermal Conductivity, temperature-dependent
Th | Canductivity. Dy, 10°C [Btu/h ft 0.021
=Rl ble e 2L e 4 Enthalpy, temperature-dependent
Ferrmeability [perm in] B9.247

Graph Edit Tahle

~

r Approximation Parameter
Temp-dep. Thermal Cond. Supplement [Btufh ft'FF 0.000064

Whater Content

Mo, | (/]

0.0
|0,104879

020226663
Tywpical Buil-ln Moisture [Ib/A?] (0.343 :III,4EBEI]EIB

Layer thickness [in] [5.5 ; ;31,21 398656

Calaor




Hydrophobic

Layer/Material Data

LayerfMatarial Name |Fibre Glass

- Basic Values Hvrotheal Function
JAoisture Storage Function
Bulk density [Ib/] 1.873 Liquid Transport Coefficient, Suctian
- Liquid Transport Coefficient, Redistribution
=t it 0939 o )
DrDs.|.ty[ 1] - Permeability. moisture-dependent
Specific Heat Capacity, Dry [Btu/Ib°F] 0,201 Thermal Conductivity, maisture-dependant
i, . " Thermal Conductivity, temperature-dependent
Th | Conductivity, Dry 10°C [Btugh ft 0.0z
Brmal Londuetvity, Dny [Btu/h ftF] Enthalpy, temperature-dependent

Permeability [perm in] 99,077

Granh  Edit Table |

[ Approximation Farameter

Temp-dep. Thermal Cond. Supplement [Btudh 73] 0,000064 ! —  Hygrothermal Functions

—— | I rage Function
MNa. A Water Content 1,873 Liguid Transport Coefficient, Suction
[-] [/t 099 Liquid Transpor Coefficient, Redistribution
1 0o 0,0 : FPermeahility, moisture-dependent
0.201 Thermal Conductivity, moisture-dependent
0,02 Thermal Canductivity, temperature-dependent

Enthalpy. temperature-dependent
Typical Built-ln Moisture [Ioffe] (0.0 43077 ] |
Graph | Edit Tahle
Layer thickness [in] |11

0,000064 10

Calor

Typical Builtn Maoisture [IbAtF] (0.0
Layerthickness [in] |17

0.2 04 0B
Color Relative Humidity [ - ]

Water Content [Ib/ft%]




* Temperature-dependency of moisture storage function




BAD NEWS BETTER

Flurmidity Humidty

f* Relative Humidity

- - + Relative Humidi
P g—, 18.41 In (Interior Surface) P 10.88 in (Interior Surface

Temperature Relative Humidity Temperature Relative Humidity

7
76| —
75

74
73
72
7

—— T

-~
=

9

&

o
—
@
2
=
=
=
fid
]
a
£
T
-

6
6
67
6
65

&
Relative Humidity [%]
Temperature [°F]

Relative Humidity [%]

o
I

-
(=

o
~

LY
YN Tl
UW%M u'\\_l)j

=)
=

=)
=

»
2

i ) li

0
121172011 6/1/2012 121172012 6/1/2013

en
&

RH should also initially decrease and thereafter establish a regular pattern
of seasonal fluctuation




BAD NEWS BETTER

Humidity Huridity
" Relative Humidity " Relative Humidity

18.41 in (Interior Surface) 10.88 in (Interior Surface)

Temperature Dewpoint —— Temperature ——— Dewpoint

76 76
s W\ { \
1 dd N 1/ NS\
A W A U A

+ Dewpaint {* Dewpoint

73
70
72 | \ \ \
7 \ 68
70
69
2 68
E
© 67
2
£ 66
@
=65

66

64
63
62
61
60

- | !

57

121172011 6/1/2012 121172012 6/1/2013

Dewpoint should be well below temperature and show a regular pattern
of seasonal fluctuation










Hurmidity
™ Relative Humidity
{+ [ewpoint

18.41 in (Interior Surface)

Temperature = Dewpoint
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ru mFLIFr Hurnid Humily
& [FEEIRE e . . {* Relative Humidity
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Temperature Relative Humidity Temperature Relative Humidity
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*Check out IEA Annex 55 use Hannu Viitanen Mold growth model for more accurate assessment




10.88 in (Interior Surface)

LMB1 LB

* Start of Calculation = Yellow
* Middle of Calculation = Green
* End of Calculation = Black
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60
Temperature ['F]




18.41 in (Interior Surface) 10.88 in (Interior Surface)
LINEI LIME N

Pucee.

LMEBI LB

BAD NEWS NO RISK
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60 60

Temperature ['F] Temperature ['F]




Mold Index

*Use IEA Annex 55 use Hannu Viitanen Mold growth model for more accurate assessment




— Critical Water Content — Water Content of Spore

Water Contant [kgim?

Mould Index

= Wall 4 -5.5 foam (Class ) —Wall 1 -5.5 foam (Class ) —Wall 2 -5.5foam (Class ) — Wall 2-2.5 foam 3 cellulose (Class[)

Mould Growth [mm]




Mould index
Index: Description:
no growth
some growth visible under microscope

moderate growth visible under microscope,
coverage more than 10%

some growth detected visually,
thin hyphae found under microscope

visual coverage more than 10%
coverage more than 50%

tight coverage, 100%




Humiiy
£ Plelative Humidiy .
& Dewpoint 6.60 in

Temperature Dewpoint

8 E

=

Temperature [F]
sgzaps

=21

Plywood (USA)

Water Content [Ib/ft]

Water Content [M.-%]

2012

I Show [M-%] Asis




* Mineral wool has net drying impact, EPS has
problems once you get beyond |% driving rain
potential
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t* Relative Humidity )
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Source:

Action:

Results: vapor permeance reduction










Residential Wall 1 - REMOTE é)

-

[= ==

=l REMOTE
Location: Burlington, VT; ASHRAE Year 3; WUFI&
REMOTE 12 MASS % H20
i 4 [ = | L | il | I
95
[Biwh ft?] [ 75
>400 s 55 -
300 = — f—
200 5 P
100 E 15 107672015
0 - 5
ki I | Hi| | — — I
30 100
- ri"-
[infh]
10— — 7] 80
# T =
s 20 £
14 = |60 2
5 45-85% 64-80% £
© 10 .
= °
001+ £ -H 20 ¢
41-74%
0.001- 0 7 n . . 0
00.787 0.039 6 0.5 3.5 0.625
Cement Board Expanded Polystyrene Insulation Fibre Glass
Air Layer 20 mm; without additional moisture capacity *Plywood CDX 1/2in 0.4 perm Interior Gypsum Board

*1% DR Condensation Film

Cross Section [in]




Residential Wall 1 - REMOTE é)

— Critical Water Content — Water Content of Spore

450 4

400 4

350 1

Water Content [kagim?]

2017 2018 2019 2020

: Mould Growth Mould Index

=— REMOTE (Class [}
0.0060

0.0055 1 r’
0.0050

0.0045
0.0040
0.0035 {
0.0030
0.0025
0.0020
0.0015 {
0.0010
0.0005
0.0000

Mould Index [-]

2015 2018 2017 2018 2014 2020




Residential Wall 2 - SIPS+

= SIPS+Cellulose ===
Location: Burlington, VT; ASHRAE Year 3; WUFI®&
SIPS+Cellulose

f

[

[
9% B iR e
Btunfr] = 75 | -] =
>400 2 55-:fF fieh e
300 = .
200H 5 P i Tl
100 E 190 [ T T 1071172015
o ~ 5
1 ] | m 7 sl r L I +
30 100
ki Il - MASS % H20 - 1D |
=10 iy e - 80
_hq__. —
s 20—F - £
o § ., 61-80% | 63-80% o 40 3
5 =
0.01 g m 20 =
40-73% ||
0.001- 0 ) R = 1 0
00.7:0.0390.00.5} AL 05 55 05
*Vinyl ... Oriente... Interior Gypsum Board
Air Layer 20 mm; without additional moisture capacity Onented Strand Board
*1% DR Condensation Film *Cellulose Fiber Density 3.5 pcf complete

*ZIP Panel Overlay Expanded Polystyrene In...
Cross Section [in]




Residential Wall 2 - SIPS+

— Critical Water Content — Water Content of Spore

=
=
=

[4%)
(5]
(=]

(]
h
=

Water Content [ka/m?]
[¥%)
=
=

200

1450

2015 2016

2017 2019

2020

~=5IPS+Cellulose (Class [) — REMOTE (Class I)

0.5

0.4

0.3

Mould Index [-]

0z

0.1

0.0

2017 2019

2020




Res Wall 3 - 1”EPS+Cellulose A\

o

—
(=

Air Layer 10 mm; without additional moisture capacity
*1% DR Condensation Film
Expanded Polystyrene Insulation

Cross Section [in]

= 1" EXT FOAM (== =]
Location: Burlington, VT; ASHRAE Year 3; WUFI®&
1" EXT FOAM
4 i1 LR 1 ] 4 il ] | - m— |
95
[Btunhf] E 75 s
>400 2 5hh s
300 = 35" [
200 ]
100 g 19 1171572015
o ~ 5 '
[ I I ] [ ] [ | [ | o
30 S 100
i SS % H20
10— & /“ ] = 80
1H = .60 >
z 3
2 =
o1l : 65-95% M w0
2 10 .
& =
0.01— g T 29 =
iy 32-85%
0.001- 0 — — 3 0
(0.394 0.039 1 0.5 D 05
Cement Board Plywood *Cellulose Fiber Density 3.5 pcf complete Interior Gypsum Board




Res Wall 3v2 - 3”EPS+Cell @

— Critical Water Content — Water Content of Spore

400

800

700

600

500

400

Water Content [kaim?]

300

200 e

2015 2018

oo T T 2 Y T T T T T

2019

Mould Growth Mould Index

3" EXT FOAM + VR (Class [) — REMOTE (Class [} — SIPS+Cellulose (Class [)
ARCTIC WALL (Class [} — REMOTE-MW (Class [)

1" EXT FOAM (Class [}

3

Mould Index ]

2012




Residential Wall 4 - REMOTE Mwé)

=
i

5
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*1% DR Condensation Film Fibre Glass

*Solitex Mento Plus
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Air Layer 20 mm; without additional moisture capacity *Plywood CDX 1/2in 0.4 perm
*1% DR Condensation Film Air Layer 90 mm; without additional moisture capacity
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Cement Board Roxul RockBoard Gypsum Board Interior Gypsum Board

Air Layer 25 mm; without additional moisture capacity
*1% DR Condensation Film
*Piywood CDX 1/2in 0.4 perm

Air Layer 150 mm; without additional moisture capacity
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Com Wall 1v2 - NO Ply
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Cement Board Roxul TopRock DD  Air Layer 150 mm; without additional moisture capacity
Air Layer 25 mm; without additional moisture capacity Interior Gypsum Board
*1% DR Condensation Film Gypsum Board
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Solid Brick Masonry Roxul RockBoard Fibre Glass Interior Gypsum Board

Air Layer 30 mm; without additional moisture capacity
*1% DR Condensation Film
Gypsum Board
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om Wall 2 - Ext MW Brick
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Solid Brick Masonry Roxul TopRoc:k DD Fibre Glass Interior Gypsum Board
Air Layer 30 mm; without additional moisture capacity

*1% DR Condensation Film Gypsum Board
Cross Section [in]
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Com Wall 2 - Ext XPS
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om Wall 2 - Ext XPS
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Solid Brick Masonry Extruded Polystyrene Insulation Interior Gypsum Board

Air Layer 30 mm; without additional moisture capacity
*1% DR Condensation Film Air Layer 150 mm; without additional moisture capa...
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Conclusions ...

There are plenty of walls that work from a durability
standpoint... Embodied energy? Local?

Really need min 2”ext foam to avoid sheathing rot risk
and outer cavity mold risk (watch that dewpoint!)

Cellulose can work, just need to make sure its dry in
outer layers of cavity

Little too wet for 100% diffusion open wood framed
walls. Need that class || VR (I PERM).
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