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1. VENTILATION, |

HEATING AND

COOLING FACILITY :
- IE | .

1

Study & compare
traditional & innovative

ventilation, heating & 4—}

cooling strategies

| 2. FIELD EXPOSURE
OF WALL FACILITY -
‘ (FEWF) BES

Study & compare traditional
& innovative BE strategies




Field Exposure of Wall Facility (FEWF)

Objectives

« Compare performance of different side-by-side wall assemblies

 improve understanding of HAM response of wall and window
assemblies exposed to naturally occurring climate loads of
Ottawa as well as to indoor environment loads of T, RH and P
defined by occupancy and HVAC systems.

- Research the interaction between the building envelope and the
indoor environment

« Complement IRC’s controlled laboratory test and modeling
simulations
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Roadmap IRC Field Exposure of Wal

6 — Moisture Management in Buildings / Gestion de I'humidité dans les batiments — 1

Facility (FEWF)

Year 1 (2_006-2007? Commission the facilit bé/ monitoring three identical
tSest_ spe(%m?rll)s of traditional construction (2x6) through Fall, Winter and
pring. (Par

Year 2 (2007-2008) Partnership with CMHC & NRCan to investigate the
effects of two energ()éretroflt strategies on the wetting and drying potential

of wall assemblies. (Part Il)

Year 3 (2008-2009? Partners.hi{) ~with  FPInnovation (Forintek) to
investigate the effects of the interior air/vapour barrier polyethylene
membrane on the wetting and drying potential of wall assemblies and
extending the project with CMHC & NRCan for one retrofit strategy.

Year 4 (2009-2010) Partnership with CMHC & NRCan to investigate the
the dynamic heat transmission characteristics through Insulated Concrete
Form (ICF) wall assemblies over a full year cycle of weather exposure

Year 5 (2010-2011) PERD Project to Test the Next Generation Envelope
Systems (i.e. Vacuum Insulated Panel)

Year 6 and beyond Investigate the performance of wall specimens of
different innovative desgns based on industrial collaboration/partnership.

CCBST/ 12 CCSTB Montréal, May 2009



Part | - Commissioning :

= Objectives

- Validate: identical test specimens, protocol and
iInstrumentation

« Characterize heat and moisture response
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IRC Field Exposure of Wall Facility (FEWF)
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LAYER 4 - Interior Face of OSB
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Moisture Pin
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LAYER 5 - Stud Cavity
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LAYER 6 - Interior Face of Insulation & Stud
Cavity (Exterior side of Vapour Barrier)
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(W2 only)
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CCSTB Montreal, May 2009




N

RHT_10 (air)

+ %
T 19
(W2 and W3 only)
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FEWF Instrumentation
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Instrumentation - Plan View
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Pressure Tap Locations

Material ]
Exterior

Vinyl Siding ————7 y |

Sheathing Membrane J

OSB [\\ RN AN NN O NN N N N N NN N NN N NN N O N O N N OIS N OIS N OO NN {

Stud Cavity with
Fiberglass Insulation

Vapour Barrier
Drywall { N

Interior

P1 | |P2 P3 P Chamber
+ve pressure

= pressure at
the tap

location is
Reference for all Pressure Sensors: Room Interior hlgher than

the pressure
16 — Moisture Management in Buildings / Gestion
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Experimental Approach

= Challenging the wall experimental begins:

- Stage 1- Create air leakage path and monitor
under naturally occurring int. and ext. conditions
on two of three specimens (1 week)
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Experimental Approach (Cont’d)

= Challenging the wall experimental begins:

« Stage 1- Create air leakage path and monitor
under naturally occurring int. and ext. conditions
on two of three specimens (1 week)

« Stage 2- Increase indoor RH to 70% and induce 5
Pa positive pressure while air leak is present in
two specimens, for a certain period of time
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: pl 0= = { &

Conditioning Chamber on the Room Side *’*

f

= Walls 2 and 3 exposed to
chamber conditions

W3 = Control T, RH, Pressure

= Deficiency in air barrier
(Wall 2 and 3 only)

- Drywali
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Experimental Approach (Cont’d)

= Challenging the wall experimental begins:

« Stage 1- Create air leakage path and monitor
under naturally occurring int. and ext. conditions
on two of three specimens (1 week)

« Stage 2- Increase indoor RH to 70% and induce 5
Pa positive pressure while air leak is present in
two specimens, for a certain period of time

- Stage 3- Return to naturally occurring conditions
to monitor drying. Disassemble the indoor
chamber
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Resulis

24 — Moisture Management in Buildings / Gestion de I'humidité dans les batiments — 12t CCBST/ 12 CCSTB Montréal, May 2009



80

70

60

50

40

30

RH({%}), P(Pa)

20

10

FEWF Chamber RH%, Pressure Vs Time

Date and Time

25 — Moisture Management in Buildings / Gestion de I'humidité dans les batiments — 12t CCBST/ 12 CCSTB Montréal, May 2009

W5 w W7 w8 w9 W10 W11 W12 W13 w14 W15 W16
—RH, %
iyt NV Wbl Yo ——Pressure, Pa
[_1 6 mm opening
[ ] 3 mmopening Jf
1 Incomplete data n
A -vrwuvnr'lﬂﬂr'l
\ ] | |
| \W‘*‘E‘“
Y| W) YT N ..J\M——-J I |HI‘ Il N ol d
[ 1L o] L ol
[y [ [ [ [ [ [ [ = [ [ = =
T W5 o5 WE 3 W7 3 W8 2 WS ZWI0 Twil Twiz Twid Twia Twis w3
5 2 8 i ° S 2 s 2 : < < <
@ < - ) 5 s = & " o b b &
— -— o™ -— -— ™

-,



FEWF Chamber RH%, Pressure Vs Time
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FEWF Chamber RH%, Pressure Vs Time
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FEWF Chamber RH%, Pressure Vs Time
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| Detection Tape Locations
| & ~on the interior of the OSB

| Slitin OSB

e -

[
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Diagram for Moisture
Detection Tape Locations
in the Stud Cavity




Pressure, Wind speed and direction
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Pressure, Wind spe nd direction
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Pressure, Wind speed and direction
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Pressure, Wind speed and direction
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Conditions
Condition Pressure RH Opening Week
A 0 Pa 70% None 7
B 5 Pa 50% 6 mm 3 days in
week 8
(22 to 24 Feb)
C 5 Pa ~30% 3 mm 2 days in
week 11
(16 to 17 Mar)
D 0 Pa 50% 3 mm 15

All data presented are averaged over the test period indicated above

38 — Moisture Management in Buildings / Gestion de I'numidité dans les batiments — 12t CCBST/ 12 CCSTB Montréal, May 2009



Moisture Content - Wall 2 Interior OSB
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Moisture Content - Wall 2 Stud Cavity
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Condition A: 0 Pa, 70%

RH, no opening

Wall 2 Horizontal Cross Section

Material

Viryl Siding

Sheathing hem brane
058

Stud Cavity with
Fiberglass Insulation

Plastic Airtvapour Barrier

Week 07 11-Feb-07

Dryw all

10.7 67 Exterior
% Layer
] -9.4 1051+ 63 -8.8 | !
m— ] -9.1 59 =4 66 I~ — 24
) 7.3 81 ' K
- | 5
L ‘ . |
L417.2 19.5 15 117.6 6
B 3 | 7
. L T T .
20.2 =51 x 20.9
T T —RH Interior |

» Despite the high humidity on the interior of the room

(71%), the humidity behind the air/vapour barrier is
|OW, 15%

 The location with the highest RH is the interior of the
OSB, at ~81% - still below dewpoint
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Condition A: 0 Pa, 70% RH, no opening

25
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stud cavity with
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drywall |
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» The dewpoint of room
air is ~17°C, a condition
met by temperatures
partway through the
insulation

* The interior of the wall
remains dry due to being
well sealed



Condition A: 0 Pa, 70% RH, no opening

— —
N P

—
o

Humidity Ratio (gv/kgda)

===W1 humidity ratio
=r=\WV2 humidity ratio

——=\W3 humidity ratio

* A large drop in the
moisture content of the

D

[,
T
L
| &
AN
R

vinyl siding
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WRB
OSB

j'L

stud cavity with
fiberalass

air / vapour barrier

air occurs across the

vapour barrier

* Air moisture content on

the exterior side of the
vapour barrier is nearly
identical to the reference
wall — with no added
indoor humidity loads
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Condition A: 0 Pa, 70% RH, no opening

Pressure, Wind speed and direction
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With no opening, the stud
cavity pressure follows the
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Condition A: 0 Pa, 70% RH, no opening
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40000
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* The interior surface of
the OSB remains dry at
all moisture detection

tape locations

0

21087
0:00

2111107
0:00

21207
0:00

213107 2114107 2115/07 2116107 21707
0:00 0:00 0:00 0:00 0:00

Date and Time
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Condition B: 5 Pa, 50% RH, 6mm opening

Wall 2 Horizontal Cross Section Week 08 22-Feb-07
Material -7.0 s 66 EXterlor
Vinyl Siding — -5.4 7 6.5 |t 63 !_ 5.2
Sheathing Membrane ] | |
osp — -0.1 3= = — 5.0 =& 62 | - —] 2.1
3.2 100
Stud Cavity wi o
Fiberglass In= .
Plastic Airfvapour Barrier 18.4 ol ) 204 5—% 30 18.7
DOyl | =] 5_|_ _“_:_ "y
21.0 230 x ) T]21.3
T T RH Interior T

 The interior of the room is at 49% RH, the humidity
behind the air/vapour barrier is 30% RH — indicating
that moisture is being introduced through the opening

 The location with the highest RH is the interior of the
OSB, at 100% - condensation would be expected
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Condition B: 5 Pa, 50% RH, 6mm opening

» The dewpoint of room
air is ~12°C, a condition
met by temperatures at
the middle of the
insulation

= Dewpoint of Room Air

iEillea=y’
R i

e LI ——7"
Wiiisajirs
o o
NEale=

vinyl siding
WRB
OSB
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fiberglass
drywall

stud cavity with
air / vapour barrier

I'humidité dans les batiments — 12t CCBo 1/ 12 LLSTB Montréal, May 2009

* The opening in the
vapour barrier allows
moisture to enter the
cavity, condensation is
expected anywhere to the
exterior of the insulation



>-CN3C
Condition B: 5 Pa, 50% RH, 6mm opening T N 5

Humidity Ratio (gv/kgda)
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/| — Ul
/I Q L N / ===\\/1 humidity ratio
//// / ) ==\N2 humidity ratio
HHHE—=H o
X \ ﬁ’ ——\W3 humidity ratio
/ / / \’,,/ \ ° The. pressure and.
- ( S opening allow the high
X [ or—— T RH to enter the interior of
LT ) e wa
/ k e, e Air moisture content on
- | o o the exterior side of the
2 ER % : vapour barrier is higher
9 £ g . than the reference wall —
£ 8= : with no added indoor
7 = humidity loads




Condition B: 5 Pa, 50% RH, 6mm opening

FEWF Wall 2 - Interior of OSB - Layer 4 - Liquid

120000
—209L
100000 4 ——— | | 210L
The interior surface of the —211L
80000 | OSB is wet, particularly at
/ Dryimg the base of the wall 2

T\

Resistance (kQ)

2123107 2123107  2/24/07 0:00 2/24/07 6:.00  2/24/07 202407 2/25/07 0:.00
12:00 18:00 12:00 18:00 !

Date and Time Low resistance indicates the
presence of liquid
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7] A V"*
E% : o ; \ / ..M\ //.
-10
'20 T T T T
23-Feb-07 23-Feb-07 24-Feb-07 24-Feb-07 24-Feb-07 24-H
12:00 18:00 0:00 6:00 12:00 18:00 0:00
Date and Time

Condition B: 5 Pa, 50% RH, 6mm opening

Pressure, Wind speed and direction

o
o

i
o
Wind speed (kmih)

N
o

—P1 - Pressure at
Exterior

—— P2 - Pressure
Behind Cladding

—P3- Pressure in
Stud Cavity
—— Chamber Pressure
—a—N wind
E wind

—8—S wind

—=—\W wind

For a large portion of the
Condition B period, wind
pressure balanced the applied
5 Pa chamber pressure.
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60
-\\M\./\._v/. 40
. = /A’A—'—I » -\:\-\._._/-\ 20
%0 In two instances, the exterior pressure 0
A dropped below the chamber pressure,
20 allowing exfiltration, and corresponding
i A to the wetting patterns
1]
£ ",,, ) W\:\ - RN
g l* ) "
= 1\”! Wiy "u.'ll ’m “ “ , A ,!. o AN AW
7] AP ‘. Y tA U W e pon s )
7] "w 7R
2 o0 F]
-10
'20 T T T T T
23-Feb-07  23-Feb-07 24-Feb-07 24-Feb-07 24-Feb07 24-Feb-07 25Feb-07
12:00 18:00 0:00 6:00 12:00 18:00 0:00
Date and Time

Condition B: 5 Pa, 50% RH, 6mm opening

Pressure, Wind speed and direction
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Wind speed {km/h)

—P1 - Pressure at
Exterior

— P2 - Pressure
Behind Cladding

——P3 - Pressure in
Stud Cavity
—— Chamber Pressure
—=—N wind
E wind

—=— S wind

—=—\W wind




Condition B: 5 Pa, 50% RH, 6mm opening

Moisture Content - Wall 2 Interior OSB

40%
35% —209MC
21 0MC
30% —_—211MC
—212MC
—213MC
§ 250, 214MC
Q
‘g 20%
e /
o
; N ‘.
5%
0% T T T T T

223/07 12:00 2/23/07 18:00 272407 0:00 2124/07 6:00  2/24i/07 12:00 22407 18:00 2i25/07 O.C

Date and Time
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54

Resistance (kQ)

Condition B: 5 Pa, 50% RH, 6mm opening

FEWF Wall 2 - Stud - Layer 5 - Liquid

—215L

216L

—217L

120000
100000 -
80000
60000 -
40000 -
Low resistance indicates the
presence of liquid at the base
20000 - of the stud cavity X
0 ‘ E—— ‘
2/23/07 2/23/07  2/24/07 0:00 2/24/07 6:00  2/24/07 2/24/07
12:00 18:00 12:00 18:00

Date and Time

2/25/07 0:00

0 O 0l




Condition B: 5 Pa, 50% RH, 6mm opening

45%

Moisture Content - Wall 2 Stud Cavity

40%

35%

30%

25%

—215L
216L
—217L

20%

Moisture Content (%)

10%

S /

5%

0%

2/23{07 12:00

2123/07 18:00

212407 0:00 212407 6:00 2124i07 12:00 22407 18:00
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Condition C: 5 Pa, 30% RH, 3mm opening

Wall 2 Horizontal Cross Section Week11  16-Mar-07

Material S.1 b4 70 EXterior Layer
oy g — 4 -31L 43 1t 65 ,! _—| 3.0 | !
0SB ’ =~ 15 < < — -2.9 Py 67 | < < 0.3 —~~<~1 6.91 N E—

0.9 100 —
Fiberglass g : [z
Plastic Airapour Barrier 18.8 ) 20.8 % 29 _/) 19.3 :n—l 6J72I _/) B
Oryweall = Y 2 =] 7
21.2 21.4
N 230] x [ 27 T

- -

| T  RH —interior |

 The interior of the room is at 27% RH, the humidity
behind the air/vapour barrier is 29% RH — indicating
that moisture is being introduced through the opening

* The location with the highest RH is the interior of the
OSB, at 100% - condensation would be expected
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Condition C: 5 Pa, 30% RH, 3mm opening

N N
o (#)}
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—Dewpoint of Room Air
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Temperature (°C)
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n o
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N
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B
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vinyl siding
WRB
OSB
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fiberalass

stud cavity with

hidité dans les batiments — 12t CCBS

drywall

air / vapour barrier

»CSTB Montréal, May 2009

*The dewpoint of room air
is ~4°C, a condition met
by temperatures towards
the outside of the
insulation

* The opening in the
vapour barrier allows
moisture to enter the
cavity, condensation is
expected at the OSB



Condition C: 5 Pa, 30% RH, 3mm opening

T

S L_\] ===W1 humidity ratio
i T~/ ==W2 humidity ratio

==\\\V3 humidity ratio

Humidity Ratio (gv/kgda)
o

4 » The pressure and
3 opening allow the
humidity to enter the

2 interior of the wall

1 « Air moisture content on

0 | L the exterior side of the
. —— < 2 5= vapour barrier is higher
51 ¢ 38 >3 5 % than the reference wall —
) =2 0 C . .
= 3 2 2 with no added indoor
S S S humidity loads
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Condition C: 5 Pa, 30% RH, 3mm opening

Pressure, Wind speed and direction

) 60
£
E
) 40 X
o
Q
Q
&
1. %ﬁ&ﬁ% 20 2
=
=
30 0

East winds for the majority of Condition C, kept
exterior pressures low and allowed the Chamber and

20 Stud Cavity Pressures to remain above the Exterior

7 Pressure, creating an exfiltration condition
= 10
o
=
th
th
£
r

-10

-20 T T T T T T T

16-Mar07 16-Mar-07 16-Mar-07 16-Mar-07 17-Mar-07 17-Mar-07 17-Mar-07 17-Mar-07 18-Mar-07

0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00
Date and Time
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—P1 - Pressure at
Exterior

—P2 - Pressure
Behind Cladding

—P3 -Pressure in
Stud Cavity
——Chamber Pressure
—a—N wind
E wind

— S wind

—=—\\/ wind




Condition C: 5 Pa, 30% RH, 3mm opening

Pressure, Wind speed and direction

) 60 —P1 -Pressure at
— Exterior
£ | —P2-Pressure
, w0 E Behind Cladding
:; ——P3 -Pressurein
3 Stud Cavity
- . ! n AN A L 20 & | — Chamber Pressure
=
| =
§ —8—N wind
30 .. .. 0 .
A change in wind direction towards the end of E wind
Condition C brought exterior pressure conditions — Swind
20 close to stud cavity and chamber pressure.
—=—\W wind
£ 10
o
=
tn
tn
£ o0
o
-10
'20 T T T T T T T
16-Mar07 16-Mar-07 16-Mar-07 16-Mar-07 17-Mar-07 17-Mar-07 17-Mar-07 17-Mar-07 18-Mar-07
0:00 6.00 12:00 18:00 0:00 6:00 12:00 18:00 0:00

Date and Time
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Condition C: 5 Pa, 30% RH, 3mm opening

FEWF Wall 2 - Interior of OSB - Layer 4 - Liquid

120000
—_—209L
100000 21t
\ |
—211L
The interior surface of the
8o OSB is wet, particularly at —2t2L
g \ the base of the wall #
§ 60000 1\ ~ /™ "
| -~
o 40000 \ /
20000 \ 7/ \
0 . \ _/I/_,-—-"Ir\ \[\J |

3Nne6/07 3Me/07 316/07 3N6/07 317/07 37107 3M7I07 317007 318/0
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00

Date and Time
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Condition C: 5 Pa, 30% RH, 3mm opening

FEWF Wall 2 - Stud - Layer $ - Liquid

120000

100000 - | | | | 2l

Low resistance indicates the
presence of liquid at the base
80000 JV of the stud cavity

LA e

N
40000 /
20000 \\/‘ﬁ‘/

\/

0

3M16/07 3M6/07 3/16/07 3/16/07 3NM7/07 3M7/07 3M17/07 3M7/07 3M8/07
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00

216L

Resistance (kQ)

Date and Time
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Condition D: 0 Pa, 50% RH, 3mm opening

Wall 2 Horizontal Cross Section Week15  08-Apr-07
2.6 75 | Exterior
Material b4 Layer
Vinyl Siding E 28 |+ 69 3.3 1
gga;thlngr\ﬂembrane 4§ 6.5 - - - 3.5 67 - - 4.6 - E = 33

4.6 76 — -
Fbergiacs Ina | [ase]
Plastic ArVapour Barir 19.3 | L/ 20— | 27 I 19.4 i\%»a
DOyl -\|l- .
X
T

+

21.3 [ 21.5
23.0 50

D 1 :
| A et ioul

 The interior of the room is at 50% RH, the humidity
behind the air/vapour barrier is 27% RH

*The location with the highest RH is the interior of the
OSB, at 76% (likely due to the lack of a pressure
driving force for exfiltration, and warmer exterior
temperatures)
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Condition D: 0 Pa, 50% RH, 3mm opening

25

R

—=—W2T
==W3T

20

——Dewpoint of Room Air

—
n
-——_‘—\——_

:"_‘—'————_

*The dewpoint of room air
is ~12°C, a condition met
by temperatures at the
middle of the insulation

Temperature (°C)

o
T

=
| \h\

il

«Condensation is
expected at the OSB,

2 % 5 2 : Tz however, measurements
g €3 8 indicate that room air is
S o v 8 not exfiltrating as much
3 % Z as in Conditions B and C
©

¢
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Condition D: 0 Pa, 50% RH, 3mm opening

1: ”

co

===\W1 humidity ratio
==\W2 humidity ratio

=&=\\3 humidity ratio

—

* While the air moisture
content on the exterior

side of the vapour barrier

Humidity Ratio (gv/kgda)
o

is higher than the

.-'/_/_/‘-\_ \ A /—/—\ 1

reference wall, the effect
IS not as pronounced as

vinyl siding
WRB
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air / vapour barrier

drywall

»ntréal, May 2009

Conditions B and C —
where interior pressure
was applied



Condition D: 0 Pa, 50% RH, 3mm opening

Pressure, Wind speed and dire

ction
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—P1 - Pressure at
Exterior

——P2 - Pressure
Behind Cladding

—P3 - Pressure in
Stud Cavity

——Chamber
Pressure
—=—N wind
E wind

—=— S wind

—=—W wind




Condition D: 0 Pa, 50% RH, 3mm opening

Pressure, Wind speed and direction

30

g 60 g

E:

A
[

20 East winds cause the exterior pressure to
be below the interior pressure, resulting in

exfiltration conditions
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—=—N wind
E wind

—=— S wind

—=—W wind




Condition D: 0 Pa, 50% RH, 3mm opening

FEWF Wall 2 - Interior of OSB - Layer 4 - Liquid

120000

100000 - ‘ ‘ ‘

The interior surface of the
80000 OSB is dry at all

g measured locations
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o A0000
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0
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0:00 0:00 0:00 0:00 0:00 0:00 0:00

Date and Time
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Condition D: 0 Pa, 50% RH, 3mm opening

120000

100000

80000

60000

Resistance (kQ)

40000
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4/8/07
0:00

FEWF Wall 2 - Stud - Layer § - Liquid

The surface of the stud

cavity is dry
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Date and Time
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NCCNC

SUMMARY

= Successful characterization of hygrothermal
performance.

= Water detection tape provided valuable data
on wetting locations

= Strong relationship between wind conditions
and air infiltration/exfiltration
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SUMMARY (Cont’d)

= We looked at risk of condensation due to
exfiltration (wetting) combined with infiltration

(drying)

= Similar results for the three test specimens

= FEWF can be used for future exposure tests:
- Part Il- Exterior energy retrofit strategies

= FEWF Results can be used to benchmark
hygrothermal tools
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Questions

74 — Moisture Management in Buildings / Gestion de I'numidité dans les batiments — 12t CCBST/ 12 CCSTB Montréal, May 2009



epeue) sayoaiayosl ap epeue) [1oUno)
[BUOIIEU |I9SUOD)  UOJB8Say |euoiieN

™7 600Z 2unf gL-SL
: inquessj

= —_ Souaiouoy
W v /' 315Ay4 Buip|ing
) jeuoieusaiu| Yy

B0 00°0JUD-0JU DII"MMM

1 JUSWIUOIIAUD J|INQ
D pepEEs

Ajnenb sursurig

UoI}INI}SU0Y

ul YyaIeasay
104 ainysuj




