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Air barrier system not present
to prevent air from being extracted
from roof assembly

Brick veneer

Corrugated metal
roof deck

Membrane roof
/ Rigid insulation

| |

Building paper
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Interior gypsum
should extend to
underside of
roof deck and

be sealed

Exterior sheathing
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Metal stud wall

) 1 under negative pressure relative

Return plenum operates @

to occupied space and exterior
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\

\
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\ Suspended ceiling

Top chord bearing roof truss

Cavity ir

Interior gypsum

Building Science Corporation

Joseph Lstiburek 9

Building Science Corporation

Joseph Lstiburek 11

Lstiburek

© buildingscience.com

Pressures

March 18, 2014

Building Science Corporation
Joseph Lstiburek 10

Building Science Corporation
Joseph Lstiburek 12

30f34



AIA Southwest Florida Chapter

Pressures

March 18, 2014

Building Science Corporation

Joseph Lstiburek 13

Building Science 2009

Joseph Lstiburek — Pressures and IAQ 14

Building Science Corporation

Joseph Lstiburek 15

Lstiburek

Building Science Corporation

Joseph Lstiburek 16

© buildingscience.com

4 of 34



AlA Southwest Florida Chapter Pressures March 18, 2014

Brick veneer

Top chord bearing truss
Building paper
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@ Return plenum operates

Interior gypsum
should extend to
underside of floor
deck and be sealed

under negative pressure relative
to occupied space and exterior

Exterior sheathing

Metal stud wall
Suspended ceiling

Cavity insulation Interior gypsum
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Air Conveyance System Air Prossure Field
Grom Saver & Howel, 1900)
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Interior gypsum board

Metal studs are perforated
permitting air to be drawn
through wall cavity -
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Brick veneer ————« o
Air space oLlr
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Building paper O 4
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Gypsum ing O @ )
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Fiberglass cavity — - /
insulation
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— Interconnected holiow wall
cavity constructed from metal
studs with punched openings
acting as an air duct

Interior spaces are at a positive
pressure relative to the exterior
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Gypsum board —

closure

Return air
opening
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Return grille

Return grille
filter
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Leaky air handling unit
and supply ducts

A handing
unit
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Depressurized conditioned space
inducing infiltration

Note: Colored shading depicts the building’s thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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Grrille located high in
wall on bedroom side
to avoid blockage by
furniture

B

Cavity is sealed tight,
drywall glued to studs and
plates on both sides

/\ Grille located low in
wall on hallway side
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10-inch dia.
flex duct (typ.)

Sealant

Cgiling—/ ? * —— Ceiling
grille grille

Al

“—— Wall cavity
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%ck-to-back grilles
% on both sides of

partition wall with
interior baffles
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Sound and light
baffles (sheet metal)
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Back-to-back

grilles —\\

Sound and light
baffles (sheet metal)
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Build Tight - Ventilate Right

Building Science Corporation

Joseph Lstiburek 89

Air Barrier Metrics

Material 0.02 I/(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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Build Tight - Ventilate Right
How Tight?
What's Right?
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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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Best Worst
As Tight as Possible - with - Leaky - with — Nothing
Balanced Ventilation Spot Ventilation in Bathroom/Kitchen
Energy Recovery Exhaust Ventilation — with — No Distribution
Distribution
Source Control - Spot exhaust ventilation

Filtration

Material selection
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Three Types of Controlled Ventilation
Systems

Exhaust Ventilation Induced
Supply Ventilation Milieiion
Balanced Ventilation

Building Science Corporation Building Science Corporation
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Air
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Cost

Exhaust

Exhaust + Dist
Supply + Dist

Spot + Ex/Sup + Dist
Balanced/HRV

$150
$200
$200
$500
$1,250

Building Science Corporation

Joseph Lstiburek 103

Building Science Corporation

Joseph Lstiburek 104

Lstiburek

© buildingscience.com

26 of 34



AIA Southwest Florida Chapter

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

Building Science Corporation
Joseph Lstiburek 107

Lstiburek

© buildingscience.com

Pressures

March 18, 2014

Building Science Corporation
Joseph Lstiburek 106

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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Good For Long Term Average If No Big
Pressures
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Good For Long Term Average If No Big
Pressures

Good For Average Annual Energy Prediction

Not Good For IAQ Unless You Accept
Average Annual Exposure As A Metric
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Good For Long Term Average If No Big
Pressures

Good For Average Annual Energy Prediction
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Cost of Addressing the Problems Are Less
Than The Cost of Testing To See If You
Have Problems
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Combustion Safety
Indoor Contaminants
Comfort

Energy

Building Science Corporation
Joseph Lstiburek 113

Ventilation Rates Are Based on Odor Control

Health Science Basis for Ventilation Rates is
Extremely Limited
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Ventilation Rates Are Based on Odor Control
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Ventilation Rates Are Based on Odor Control

Health Science Basis for Ventilation Rates is
Extremely Limited

Almost Nothing Cited Applies to Housing
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Ventilation Rates Are Based on Odor Control

Health Science Basis for Ventilation Rates is
Extremely Limited

Almost Nothing Cited Applies to Housing
The Applicable Studies Focus on Dampness

Building Science Corporation
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House
2,000 ft2
3 bedrooms
8 ft. ceiling
Volume: 16,000 ft3

35ach 93 cfm
.30 ach 80 cfm
25ach 67 cfm
20 ach 53 cfm
.15ach 40 cfm
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Figure 1: Minimum ventilating rate history.
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House
2,000 ft2
3 bedrooms
8 ft. ceiling
Volume: 16,000 ft3

Ventilation Rates

35ach 93 cfm 62-73 5 cfm/person 20 cfm
.30ach 80 cfm 10 cfm/person 40 cfm
25ach 67 cfm 62 - 89 15 cfm/person 60 cfm
20ach 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
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Office

Occupant Density

15/1000 ft? (67 ft2/person) 62 -89
15 cfm/person

5/1000 ft2 (200 ft2/person) 62.1 - 2007
17 cfm/person

Correctional Facility Cell
Occupant Density

20/1000 ft? (48 ft?/person) 62.1 -2007
10 cfm/person

C.P. Yaglou
Harvard School of Public Health

1936
1955
150 ft2 —> 20 cfm/person 18.75 f2 106 occupants

300 ft2 —> 12 cfm/person 37.5 ft2 53 occupants

Experiment

470 ft2 —> 59 ft2
200 ft2 —>  25ft?
100 ft2 — 121t

Lstiburek

Pressures

March 18, 2014

C.P. Yaglou
Harvard School of Public Health

1936
1955
150 ft2 —= 20 cfm/person approx 4x4x8

300t — 12 cfm/person approx 6x6x8
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Aubin, D., Won, D.Y., Schieibinger, H., 2010

March 18, 2014
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Formaldehyde sample concentration versus
PFT measured outside air exchange rate over the testday
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Pollution

Dilution is Not The Solution To Indoor

Building Science Corporation
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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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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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Target Range

Summer —»

—— Winter

Uncomfortably |
Dry* |

20 75

Relative Humidity (RH) %
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Recommended Range of Relative Humidity
Above 25 percent during winter
Below 70 percent during summer

overtow pen

Joseph Lstiburek 134

Barriers — Technology Dehumidification

Barriers — Cost Exhaust $150
Exhaust + Dist $200
Supply + Dist $200
Spot + Ex/Sup + Dist $500
Balanced/ER $1,250
Dehumidification $250 to $1,250
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