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Figure 11.1: Building with no internal separations with opening at the bottom
(Adapted from G.O. Handegord, 1998)
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Air Barrier Metrics

Material 0.02 l/(s-m2) @ 75 Pa

Assembly 0.20 l/(s-m2) @ 75 Pa

Enclosure 2.00 l/(s-m2) @ 75 Pa
0.35 cfm/ft2 @ 50 Pa
0.25 cfm/ft2 @ 50 Pa
0.15 cfm/ft2 @ 50 Pa
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Almost Nothing Cited Applies to Housing
The Applicable Studies Focus on Dampness
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Figure 1: Minimum ventilating rate history.
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— Berg-Munch, Claugen and Fanger, Female Occupants

40 {=—-— Fanger and Berg-Munch, Male Occupants
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Figure 2: Odor acceptance.

~www Cain Et Al, Female and Male Qccupants
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House
2,000 ft2
3 bedrooms
8 ft. ceiling

Volume: 16,000 ft3

.35ach 93 cfm
.30ach 80 cfm
.25ach 67 cfm
.20 ach 53 cfm
.15ach 40 cfm
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House
2,000 ft2
3 bedrooms
8 ft. ceiling

Lstiburek

Volume: 16,000 ft3

Ventilation Rates

.35ach 93 cfm 62-73 5 cfm/person 20 cfm
.30 ach 80 cfm 10 cfm/person 40 cfm
.25ach 67 cfm 62 - 89 15 cfm/person 60 cfm
.20 ach 53 cfm .35 ach 90 cfm
.15ach 40 cfm 62.2 - 2010 7.5 cfm/person 50 cfm
+0.01
62.2 - 2013 7.5 cfm/person 90 cfm

+0.03

Building Science Corporation

Joseph Lstiburek 127

Office
Occupant Density

15/1000 ft2 (67 ft2/person)
15 cfm/person

5/1000 ft2 (200 ft%/person)
17 cfm/person

Correctional Facility Cell
Occupant Density

20/1000 ft2 (48 ft2/person)
10 cfm/person

62 - 89

62.1 - 2007

62.1 — 2007
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C.P. Yaglou
Harvard School of Public Health
1936
1955

150 ft3 —> 20 cfm/person

300 ft2 —» 12 cfm/person

C.P. Yaglou

Harvard School of Public Health
1936
1955

150 ft3 —> 20 cfm/person 18.75 ft2 106 occupants

300 ftt — 12 cfm/person 37.5 ft2 53 occupants

Experiment
470 ft2 —> 59 ft?
200 ft3 —  251t?

100 ft8 —> 12 ft2
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Aubin, D., Won, D.Y., Schleibinger, H., 2010
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Formaldehyde sample concentration versus
PFT measured outside air exchange rate over the testday
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Build Tight - Ventilate Right
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Build Tight - Ventilate Right
How Tight?
What's Right?
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Air Barrier Metrics

Material 0.02 l/(s-m2) @ 75 Pa

Assembly 0.20 l/(s-m2) @ 75 Pa

Enclosure 2.00 l/(s-m2) @ 75 Pa
0.35 cfm/ft2 @ 50 Pa
0.25 cfm/ft2 @ 50 Pa
0.15 cfm/ft2 @ 50 Pa

Building Science Corporation
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Getting rid of big holes 3 ach@50
Getting rid of smaller holes 1.5 ach@50
Getting German 0.6 ach@50
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Dilution Is Not The Solution To Indoor
Pollution

Source Control
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Dilution For People
Source Control For The Building
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Best

As Tight as Possible - with -

Balanced Ventilation

Energy Recovery

Distribution and Mixing

Source Control - Spot exhaust ventilation
Filtration
Material selection

Building Science Corporation

Joseph Lstiburek 141

Worst

Leaky - with — Nothing
Spot Ventilation in Bathroom/Kitchen

Exhaust Ventilation — with — No Distribution
and No Mixing
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Exhaust fan
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Motorized
damper
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ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of
conditioned area

Occupancy is deemed to be the number of
bedrooms plus one
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ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of
conditioned area

Occupancy is deemed to be the number of
bedrooms plus one

Outcome is often bad — part load humidity
problems, dryness problems, energy
problems
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The Cult of The Blower Door
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Blower Door Can’t Get You The True ACH
On A Short Term Basis — Hour, Day, Week
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Don’t Know Where The Holes Are
Don’t Know The Type of Holes
Don’t Know The Pressure Across The Holes
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Target Range |

[<— Winter Summer —»

Uncomfortably |
Dry* :

0

20 75

Relative Humidity (RH) %
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Recommended Range of Relative Humidity

Above 25 percent during winter
Below 70 percent during summer

\\\\\\\\ =
TS
: Supply ‘L
H
; H Pressure
¢ relief grille
Return y to "bleed”
pressure
field from
floor cavity
Air
Motorized handler
damper 1
H
.
y
Flexible ]
for vibration an
sound control
filter slot .
/‘. :
H H
Full height : idifie
louvered closet door H Dehumldmg.r
for access and to supply & H
air for dehumidfication . H
A
‘—— Condensate
overflow pan
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Building Science Corporation
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“The Ugly” “The Bad”

L

NSNNNNNN 22727 8 pae

“The Good”

Building Science Corporation

Joseph Lstiburek 160

© buildingscience.com

Chicago, IL

80 of 98



10th Annual North American
Passive House Conference Multifamily

Lstiburek

Building Science Corporation
Joseph Lstiburek 161

Building Science Corporation
Joseph Lstiburek 162

© buildingscience.com

Chicago, IL

81 of 98



10th Annual North American
Passive House Conference Multifamily

Lstiburek

As per structural
e.g. 36" to 48” (900
to 1200 mm) o.c.

Weld

Cast-in plate
Concrete slab
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WEDGE SHIMS INSERTED BEHIND/FRONT OF
ANGLE TO ENSURE DIRECT BEARING ON
BRACKET AND PROVIDE LEVEL (IF NECESSARY)

FAST™
BRACKET

ANCHOR BOLT
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Sill beyond

Y

Carry membrane
onto curtainwall
shoulder, seal and
mechanically
clamp in place.

A

s

Water, air and
vapor control
membrane

Q00

Metal brake
shape over
rigid insulation

Sealant and
backer rod

Thermal control
(insulation) layer
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Aluminum window
Sealant for air control layer continuity ——
Stool and apron — P \
/
Wood buck (OSB rimboard, N \ \ ¥ End dam (shown beyond)
plywood, etc.) \ \ N W
2X wood blocking ——1N \ \ \\
X ——
“ /
\
.
Precast sill
Thermal control; extruded
/ or expanded polystyrene,
7 polyisocyanurate, rockwool
Water, air and vapor control M g /
layer
/ Brick veneer
Building Science Corporation
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d
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183

Steel studs

Second layer of z-bars
should be installed
perpendicular to the first
layer; orientation of the two
layers will depend on the
requirements of the
cladding attachment
system.

Metal panel

— First layer of z-bars embedded in the
insulation layer; should the first layer be
installed horizontally, the exterior leg
should be turned down to promote
drainage to the exterior.
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Steel studs
Sheathing

Fully-adhered air and
water control layer

Continuous insulation
layer

Cold
formed
clip angle

Metal panel
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Rockwool

1x3 furring @ 24” o.c.

#10 screws @ 16” o.c. vertically
Result: 20 psf cladding weight
with <2/100” deflection
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