Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Building Science

The Three Biggest Problems In Buildings Are
Water, Water and Water...

Building Science Corporation
Joseph Lstiburek 2

Lstiburek © buildingscience.com 1 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

80 Percent of all Construction Problems are
Related to Water

Building Science Corporation

Joseph Lstiburek 3

Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer

Building Science Corporation
Joseph Lstiburek 4

Lstiburek © buildingscience.com 2 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Cladding |>_

Control layers

Structure -

Building Science Corporation

Joseph Lstiburek 5

Wall

Slab Roof

Building Science Corporation

Joseph Lstiburek 6

Lstiburek © buildingscience.com 3 0of 82



Mixed Use Building Science:

Good Idea or Bad Idea? Enclosures September 24, 2015

_— Ballast
0 o 0 o & $ “
AO@AOOQA%NQ& A%QAO,\NQ& -%ﬂéj’o%' < - Filter fabric
< Control layers

< Roof structure

Building Science Corporation

Joseph Lstiburek 7

< Slab
< Control layers
ISR ARG, «—— Stones
< Earth

Building Science Corporation

Joseph Lstiburek 8

Lstiburek © buildingscience.com 4 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 9

) — =

Wall

Building Science Corporation

Joseph Lstiburek 10

© buildingscience.com

5 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Roof

) — =

Wall
Building Science Corporation
Joseph Lstiburek 11
Roof
H Wwall
Slab
Building Science Corporation
Joseph Lstiburek 12

Lstiburek © buildingscience.com 6 of 82



Mixed Use Building Science:

Good Idea or Bad Idea? Enclosures September 24, 2015
. Parapet
=l
: Roof
: Wall
Slab
Building Science Corporation
Joseph Lstiburek 13
Parapet
=l
: Roof
: Wall
Footing Slab
Building Science Corporation_I
Joseph Lstiburek 14

Lstiburek © buildingscience.com 7 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosu

Lstiburek

res

September 24, 2015

Parapet

e )

Window Wall

I

Footing

Roof

Slab

Building Science Corporation

Joseph Lstiburek 15

Brick veneer/stone veneer —————»|

Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray
applied drainage plane, air barrier
and vapor retarder

Concrete block

Metal channel or wood furring

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

-

Vapor Profile

el

Building Science Corporation

Joseph Lstiburek 16

© buildingscience.com

8 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures

September 24, 2015

Brick veneer/stone veneer ————

Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray
applied drainage plane, air barrier
and vapor retarder

Non paper-faced exterior gypsum
sheathing, plywood or oriented strand
board (OSB)

Uninsulated steel stud cavity .

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

\ _—)

Vapor Profile

Building Science Corporation

Joseph Lstiburek 17

Building Science Corporation

Joseph Lstiburek 18

Lstiburek © buildingscience.com

9 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures

Lstiburek

September 24, 2015

Building Science Corporation

Joseph Lstiburek 19

o
Brick veneer/stone veneer —»Z

Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass Z

Membrane or trowel-on or spray

applied drainage plane, air barrier

and vapor retarder

Non paper-faced exterior gypsum

sheathing, plywood or oriented strand

/7
/7
board (OSB) Z
//
i

Insulated wood stud cavity

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

Vapor Profile

Building Science Corporation

Joseph Lstiburek 20

© buildingscience.com

10 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures

Lstiburek

September 24, 2015

Commercial Enclosure: Simple Layers

e Structure

’:,,7777‘“7 /
N # - Rain/Air/Vapor
—
= = / .
L 5 A * Insulation
~ = / ..
N W A * Finish
~ = /
L — ‘
= = )
—

111001011
100=(8 =10 =K~/

Building Science Corporation

Joseph Lstiburek 21

Building Science Corporation

Joseph Lstiburek 22

© buildingscience.com

11 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 23

Building Science Corporation

Joseph Lstiburek 24

© buildingscience.com

12 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 25

Building Science Corporation

Joseph Lstiburek 26

© buildingscience.com

13 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 27

Building Science Corporation

Joseph Lstiburek 28

© buildingscience.com

14 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science 2007
Joseph Lstiburek — Rain Control 29

Building Science 2007
Joseph Lstiburek — Rain Control 30

© buildingscience.com

15 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science 2007
Joseph Lstiburek — Rain Control 31

Building Science Corporation
Joseph Lstiburek 32

© buildingscience.com

16 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 33

Building Science Corporation
Joseph Lstiburek 34

© buildingscience.com

17 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 35

Building Science Corporation
Joseph Lstiburek 36

© buildingscience.com

18 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

1 * \V . .

Building Science Corporation
Joseph Lstiburek 37

Building Science Corporation
Joseph Lstiburek 38

© buildingscience.com

19 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 39

Building Science Corporation

Joseph Lstiburek 40

© buildingscience.com

20 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

P ]

Building Science Corporation
Joseph Lstiburek 41

Building Science Corporation
Joseph Lstiburek 42

© buildingscience.com

21 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 43

Building Science Corporation

Joseph Lstiburek 44

© buildingscience.com

22 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science
Joseph Lstiburek 45

Building Science Corporation
Joseph Lstiburek 46

© buildingscience.com

23 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation

Joseph Lstiburek 47

Building Science Corporation

Joseph Lstiburek 48

Lstiburek © buildingscience.com 24 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 49

Building Science Corporation

Joseph Lstiburek 50

© buildingscience.com

25 0f 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

RSy e \

mm i Trm iiﬂii‘

Building Science Corporation
Joseph Lstiburek 51

Building Science Corporation
Joseph Lstiburek 52

Lstiburek © buildingscience.com 26 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 53

Building Science Corporation
Joseph Lstiburek 54

© buildingscience.com

27 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 55

Building Science Corporation

Joseph Lstiburek 56

© buildingscience.com

28 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

September 24, 2015

Enclosures

Building Science Corporation

Joseph Lstiburek 57

Building Science 2009

Joseph Lstiburek — HVAC 58

© buildingscience.com 29 of 82

Lstiburek



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

i

M

Building Science Corporation
Joseph Lstiburek 59

Building Science Corporation
Joseph Lstiburek 60

Lstiburek © buildingscience.com 30 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science 2009
Joseph Lstiburek — HVAC 61

Building Science Corporation
Joseph Lstiburek 62

© buildingscience.com

31 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Upturned leg

Base sloped
to exterior

Vo4 Drip edge

Building Science Corporation
Joseph Lstiburek — Rain Control 63

Building Science Corporation
Joseph Lstiburek — Rain Control 64

© buildingscience.com

32 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 65

Building Science Corporation

Joseph Lstiburek 66

© buildingscience.com

33 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation
Joseph Lstiburek — Rain Control 67

Building Science Corporation

Joseph Lstiburek — Rain Control 68

Lstiburek © buildingscience.com 34 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek — Rain Control 69

Building Science Corporation
Joseph Lstiburek — Rain Control 70

© buildingscience.com

35 of 82



Mixed Use Building Science:

Good Idea or Bad Idea? Enclosures September 24, 2015
\ / \ 4
S ' 4
R Hydrostatic
7 - pressure
Hydrostatic
pressure
A/ \:_/" \\‘f
Building Science Corporation
Joseph Lstiburek 71

Building Science Corporation

Joseph Lstiburek 72

Lstiburek © buildingscience.com 36 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation
Joseph Lstiburek 73

0@

Building Science Corporation

Joseph Lstiburek 74

Lstiburek © buildingscience.com 37 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation

Joseph Lstiburek 75

Building Science Corporation

Joseph Lstiburek 76

Lstiburek © buildingscience.com 38 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Hydrostatic

A

> head

—— Cladding

Building Science Corporation

Joseph Lstiburek 77

Building Science Corporation

Joseph Lstiburek 78

© buildingscience.com

39 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Wind Speed (mph) vs. Stagnation Pressure (Pa)

0 100 200 300 400 500 600 700 800 900 1000
Pa

Building Science Corporation

Joseph Lstiburek 79

Building Science Corporation

Joseph Lstiburek 80

Lstiburek © buildingscience.com 40 of 82



Mixed Use Building Science:

Good |dea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation

Joseph Lstiburek — Rain Control 81

Plywood/OSB
sheathing

Water control
layer

3/s” spacer strip

Building Science Corporation

Joseph Lstiburek 82

Lstiburek © buildingscience.com 41 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 83

Building Science Corporation
Joseph Lstiburek 84

© buildingscience.com

42 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 85

Building Science Corporation

Joseph Lstiburek 86

© buildingscience.com

43 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 87

Building Science Corporation

Joseph Lstiburek 88

© buildingscience.com

44 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 89

Rain Screen

Building Science Corporation

Joseph Lstiburek 90

© buildingscience.com

45 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation
Joseph Lstiburek 91

Beer Screen?

Building Science Corporation
Joseph Lstiburek 92

Lstiburek © buildingscience.com 46 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation

Joseph Lstiburek 93

Rain enters cup Q
due to momentum
("kinetic energy”)

o Cup drains water
to exterior

Building Science Corporation
2011 Joseph Lstiburek 94

Lstiburek © buildingscience.com 47 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Rain enters cup 5
due to momentum
("kinetic energy”)

‘Y

5 Entire wind
Wind enters cup— » « pressure
pressurizing cup; taken here
no rain entry due
to wind driven rain

‘7

A
v
A < "
@ Cup cansstill drain
water to exterior
A
v
Building Science Corporation
2011 Joseph Lstiburek 95

Baffle to deflect raindrops
hitting face of cup due
to momentum
(’kinetic energy”)
Pressurein cup is b
same as pressure
outside on face
of baffle e
Entire wind
Momentum driving force <@ pressure
converted to gravity— taken here
water drains away
Wind enters cup— >
pressurizing cup; [+
no rain entry due
to wind driven rain O
OA
& Cup can still drain
c water to exterior
A
v
Building Science Corporation
2011 Joseph Lstiburek 96

Lstiburek © buildingscience.com 48 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

September 24, 2015

Enclosures
Insulating
glass unit N
Seal (gasket)— ~— Seal (tape)
\\ o Fd
— Setting block
/ (typically two
per unit)
. K
Hole providing —. I.. ______ i
drainage and N
pressurization / S
N ey - B

Rough opening

Building Science Corporation

Joseph Lstiburek 97

Outer seal sees
water but not
pressure; no
pressure difference
across this seal,
therefore no rain
entry

Pressure in chamber
is same as pressure
outside on face of ™=

Key seal is interior
seal as it takes
maximum wind load
but it does not see
water

Entire wind

| e pressure

assembly “_ taken here
Air enters and sl Pressure
pressurizes chamber
chamber
-—_ee e e - - - E =1 - - -,

Building Science Corporation

Joseph Lstiburek 98

© buildingscience.com

49 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Pressure
moderated
chamber

Interior air seal

Beveled wood
siding

Adhesive -backed
sill flashing

Housewrap ———————»

Sheathing

Building Science Corporation

Joseph Lstiburek 99

Building Science Corporation
Joseph Lstiburek 100

Lstiburek © buildingscience.com 50 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 101

Building Science Corporation

Joseph Lstiburek 102

© buildingscience.com

51 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 103

Building Science Corporation

Joseph Lstiburek 104

© buildingscience.com

52 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

SN
|
L

-

Building Science Corporation
Joseph Lstiburek 105

Intent of sealant is to
limit this lateral flow of
water between
sheathing and
building wrap

Flashing tape

Sealant “bedding”
joint

Building wrap
“‘wrapped” into
opening

Building Science Corporation

Joseph Lstiburek 106

Lstiburek © buildingscience.com 53 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation

Joseph Lstiburek 107

[’
[

Building Science Corporation
Joseph Lstiburek 108

Lstiburek © buildingscience.com 54 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

—
\17

Building Science Corporation

Joseph Lstiburek 109

Building Science Corporation

Joseph Lstiburek 110

© buildingscience.com

55 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 111

Building Science Corporation

Joseph Lstiburek 112

© buildingscience.com

56 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 113

Building Science Corporation

Joseph Lstiburek 114

© buildingscience.com

57 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 115

Building Science Corporation

Joseph Lstiburek 116

© buildingscience.com

58 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 117

Building Science Corporation

Joseph Lstiburek 118

© buildingscience.com

59 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation

Joseph Lstiburek 119

Sealant
backer rod

Inner seal

-Wind pressurizes -
~ chamber between
* inner and outer -

seal
Sealant Outer seal
backer rod Vent tube

Building Science Corporation
Joseph Lstiburek 120

Lstiburek © buildingscience.com 60 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Sealant
backer rod

Inner seal

— Pressure
© chamber -

Baffle

Building Science Corporation
Joseph Lstiburek 121

Outer, exposed
seal

\

Inner, protected seal

Drain and vent
»L- opening

Building Science Corporation
Joseph Lstiburek 122

Lstiburek © buildingscience.com 61 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Enclosures

September 24, 2015

— Drainage space
/7 Backer rod
4 Sealant

Sealant ——
\

Backer \
rod , O

\

\—— Exterior face of
cladding

\ Drainage opening

Building Science Corporation

Joseph Lstiburek 123

Building Science Corporation

Joseph Lstiburek 124

Lstiburek

© buildingscience.com

62 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation

Joseph Lstiburek 125

Building Science Corporation

Joseph Lstiburek 126

Lstiburek © buildingscience.com 63 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 127

Target Range |

[«<— Winter Summer —»

Uncomfortably |
Dry* i

0

20 65

Relative Humidity (RH) %

Building Science Corporation
Joseph Lstiburek 128

© buildingscience.com

64 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Water Vapor Permeance vs. Relative Humidity

10.0

©
(=]
1

el
(=]
1

b
o
1

il
o
1

o
o
1

20

Water Vapor Permance, US perms
»
(=}
1

e Dry cup limits

test results

T T T T T T T

20 30 40 50 60 70 80 90

Mean Relative Humidity, %

4, = Dry cup permeance
1, = Wet cup permeance

Building Science Corporation

Joseph Lstiburek 129

© buildingscience.com

65 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Enclosures

September 24, 2015

Water Vapor Permeance of Sheathing Materials
100
90 +
80 4
é 70 4
g
» 60
>
)
g 50
3
E S
S 40 ~ o
a 3 k]
5 o = Plywood
§ 20 2
s IS
8
s 4
g 20
10 7 osB
0- T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100
Mean Relative Humidity, %
131
Water Vapor Permeance of MemBrain™ Smart Vapor Retarder,
Primed and Painted Gypsum Board, Unpainted Gypsum Board and
Asphalt-Coated Kraft Paper
100
90 Unpainted
Gypsum
Board
80
MenBrain™
Smart Vapor
é’ 70 A Retarder
o
Q
o 60
=]
g
§ 1
@ Primed &Painted
g 40 1 Gypsum Board
a
- S
s 30
3
5 4
g 20
Asphalt-Coated
10 Kraft Paper
0= T
0 10 20 30 40 50 60 70 80 90 100
Mean Relative Humidity, %

Lstiburek

© buildingscience.com

66 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Water Vapor Permeance of WRB’s

100 - ASK

"

E

£

@

Q

1]

=

§ Tyvek®
©

]

E

>

a

g

> Typar®
3

t;u WeatherSmart™

WeatherMate™
Plus

T T T T T 1

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

Mean Relative Humidity, %

Building Science Corporation
Joseph Lstiburek 134

Lstiburek © buildingscience.com 67 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 136

© buildingscience.com

68 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 137

Building Science Corporation

Joseph Lstiburek 138

© buildingscience.com

69 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek 139

Building Science Corporation

Joseph Lstiburek 140

© buildingscience.com

70 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 141

Building Science Corporation
Joseph Lstiburek 142

© buildingscience.com

71 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Sheathing

Penetrating
Water

Building Science Corporation
Joseph Lstiburek — Rain Control 143

Penetrating
Water

Building Science Corporation
Joseph Lstiburek — Rain Control 144

© buildingscience.com

72 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

Building Science Corporation

Joseph Lstiburek — Rain Control 145

Building Science Corporation

Joseph Lstiburek 146

© buildingscience.com

73 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures

Lstiburek

September 24, 2015

Building Science Corporation
2010

Joseph Lstiburek 147

© buildingscience.com

74 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation

Joseph Lstiburek 149

150

Lstiburek © buildingscience.com 75 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 151

© buildingscience.com

76 of 82



Mixed Use Building Science:

Good Idea or Bad Idea?

Lstiburek

Enclosures

September 24, 2015

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.

Building Science Corporation

Joseph Lstiburek 153

Steel studs
Sheathing

Fully-adhered air and
water control layer

Continuous insulation
layer

Cold
formed
clip angle

Metal panel

Building Science Corporation

Joseph Lstiburek 154

© buildingscience.com

77 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Building Science Corporation

Joseph Lstiburek — Rain Control 155

Building Science Corporation

Joseph Lstiburek — Rain Control 156

Lstiburek © buildingscience.com 78 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 157

Building Science Corporation
Joseph Lstiburek — Rain Control 158

© buildingscience.com

79 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Building Science 2007
Joseph Lstiburek — Rain Control 159

Building Science 2007

Joseph Lstiburek — Rain Control 160

Lstiburek © buildingscience.com 80 of 82



Mixed Use Building Science:
Good Idea or Bad Idea? Enclosures September 24, 2015

Lstiburek

Building Science 2007
Joseph Lstiburek — Rain Control 161

Building Science 2007
Joseph Lstiburek — Rain Control 162

© buildingscience.com

81 of 82



Mixed Use Building Science:
Good |dea or Bad Idea? Enclosures September 24, 2015

Building Science 2007

Joseph Lstiburek — Rain Control 163

Building Science 2007

Joseph Lstiburek — Rain Control 164

Lstiburek © buildingscience.com 82 of 82



Mixed Use Building Science:
Good Idea or Bad Idea?

Lstiburek

Multifamily Ventilation

Building Science

September 24, 2015

Lapse Rate

Building Science Corporation

Joseph Lstiburek 2

© buildingscience.com

10f73



Mixed Use Building Science:

Good |dea or Bad Idea? Multifamily Ventilation September 24, 2015

U.S. Standard Atmosphere (1976)

Termperature (K)

160 180 200 220 240 260 280
100 I I | |

| |
Thermosphere
(heated by oxygen absorption
of solar UV)
Mesopause

Mesosphere \
Stratopause
Stratosphere
(heated by ozone absorption
of solar UV)
20
Tropopause
Troposphere
(heated by surface absorption
0 ”‘1" visible) "

L 1
10* 10¢ 10° 10° 10 10*

80

-3
1=

Height (km)

F
S

Pressure (hPa)

Building Science Corporation

Joseph Lstiburek 3

Total stack effect

Pressure difference
across exterior walls

Pressure
/ indoors

Pressure
outdoors

Opening to
/ outdoors

Absolute pressure —————p
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(Adapted from G.O. Handegord, 1998)
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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

Building Science Corporation

Joseph Lstiburek 111

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
Joseph Lstiburek 112
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o Flugge (1805)
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é a0l \ ——O-io T 22 Stete Codes (1922)
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Figure 1: Minimum ventilating rate history.
Building Science Corporation
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—— Berg-Munch, Claveen and Fanger, Female Occupants
40 {=—-— Fanger and Berg-Munch, Male Occupants
~www Cain Et Al, Female and Male Qccupants
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Figure 2: Odor acceptance.
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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
.20ach 53 cfm
.15ach 40 cfm

Building Science Corporation
Joseph Lstiburek 115

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
.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 116
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Office
Occupant Density

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

5/1000 ft2 (200 ftZ/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

C.P. Yaglou
Harvard School of Public Health

1936
1955
150 ft3 —> 20 cfm/person

300 ft2 —» 12 cfm/person
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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
470ft8 —> 59 ft?
200 ft2 —»  25ft2
100 ft3 —s 12 ft2

B &

S

45

Building Science Corporation
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Aubin, D., Won, D.Y., Schleibinger, H., 2010

Building Science Corporation

Joseph Lstiburek 121

Formaldehyde sample concentration versus
PFT measured outside air exchange rate over the testday

140
B

.
o 120
E -
= oy
= 100 %
=
o
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-é 80 ) . ¢ DOA wffc
2 . E [ DOA waffc
o
S 60 %
-§_ Yy © DOA non-oper
£ .*“ ° . HRY
T 40 [ ——
E '&. ° * No vent
o . ®e0e® e .
w20 1 .

e Aol .

Ll

0
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Outside air exchanpe rate over 24 h test day {ach)
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Joseph Lstiburek 123

Build Tight - Ventilate Right

Building Science Corporation

Joseph Lstiburek 124
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Build Tight - Ventilate Right
How Tight?
What's Right?

Building Science Corporation

Joseph Lstiburek 125

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

Joseph Lstiburek 126
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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

Lstiburek

Building Science Corporation
Joseph Lstiburek 127

Dilution Is Not The Solution To Indoor
Pollution

Source Control

Building Science Corporation
Joseph Lstiburek 128
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Dilution For People
Source Control For The Building

Building Science Corporation

Joseph Lstiburek 129

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 130
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Worst

Leaky - with — Nothing
Spot Ventilation in Bathroom/Kitchen

Exhaust Ventilation — with — No Distribution
and No Mixing

Building Science Corporation

Joseph Lstiburek 131

Building Science Corporation

Joseph Lstiburek 132
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Exhaust fan

Building Science Corporation
Joseph Lstiburek 133

/
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Motorized
damper

Building Science Corporation
Joseph Lstiburek 135

Building Science Corporation

Joseph Lstiburek 136
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Lstiburek

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

Building Science Corporation
Joseph Lstiburek 137

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

Building Science Corporation
Joseph Lstiburek 138
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The Cult of The Blower Door

Building Science Corporation

Joseph Lstiburek 139

Building Science Corporation

Joseph Lstiburek 140
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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 141

Don’t Know Where The Holes Are
Don’t Know The Type of Holes
Don’t Know The Pressure Across The Holes

Building Science Corporation
Joseph Lstiburek 142
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Lstiburek

Target Range |

[<— Winter Summer —»

Uncomfortably |
Dry* i

0

20 75

Relative Humidity (RH) %

Building Science Corporation
Joseph Lstiburek 143

Recommended Range of Relative Humidity
Above 25 percent during winter
Below 70 percent during summer
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Supply

Return

Air
Motorized dl
damper

Flexible
for vibration an
sound control

filter slot

Full height
louvered closet door

for access and to supply
air for dehumidfication

||Dehumidifigr

A
S S— \.

Pressure
relief grille
to "bleed"
pressure
field from
floor cavity

\— Condensate

overflow pan

Building Science Corporation

Joseph Lstiburek 145

Building Science Corporation

Joseph Lstiburek 146
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Protected Membrane Roofs

Building Science

September 24, 2015

2nd Law of Thermodynamics

Building Science Corporation

Joseph Lstiburek 2
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Heat Flow Is From Warm To Cold
Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Air Flow Is From A Higher Pressure to a
Lower Pressure

Gravity Acts Down

Building Science Corporation
Joseph Lstiburek 3

Subarctic/Arctic}

~

Building Science Corporation

Joseph Lstiburek 4
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Exposure
Extrome [ Overeo
High 40" 60"
Moderate [ 20"~ 40"
Low [__] nder20”

Building Science Corporation

Joseph Lstiburek 5

Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer

Building Science Corporation

Joseph Lstiburek 6

© buildingscience.com

30f78



Mixed Use Building Science:
Good Idea or Bad Idea? Protected Membrane Roofs September 24, 2015

Cladding |>_

Control layers

Structure -

Building Science Corporation

Joseph Lstiburek 7

Wall

Slab Roof

Building Science Corporation
Joseph Lstiburek 8
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- Slab
< Control layers
N v & v, & V)
\%gonﬂm%gw\AOﬁm%smna < ) Stones
< Earth
Building Science Corporation .
Joseph Lstiburek
_— Ballast
<
A:@Acbipmm%gogAqi)\Aoﬂmr%ﬁég&Qiﬁ %; < - Fl|ter fabriC
< Control layers

< Roof structure

Building Science Corporation

Joseph Lstiburek 10
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Ballast (rock, pavers, earth)

Filter fabric

Extruded polystyrene
m&&p msulatlon

VA AV AV AV AV AV AVAYAVAYAVAYAVAYAVAYAVAVAVAVAYAVAVAVAVAVAY. VaVAVAVAVAYAVAYAVAVAVAVAVAVAVAVAVAVAVAYS VA%

SIoped concrete topping; slope
minimum 2% to drains

A g
o <«———Concrete structural deck
g Drainage gap, i.e., drainage mat
or grooved insulation
Fully-adhered roof membrane
Building Science Corporation
Joseph Lstiburek 11
Winter Summer
Air Temperature Sun A (r)emp‘.el;fz;,e
-22 to 50°F to )
(-:m"guocl (10 10 40°C)
‘ - Ralnl'
£ ‘ ’
# wot Yot nigs
P | 2t (%
o ' me 2 S
| ’, 4' 1' :' r—
Roo! . Roof I )
;
Temperature | Temperature J Py ”
-40°F ) 194°F ANy
(-40°C) (90°C) » Water
Temperature Temperature
68-77°F (20-25°C) 68 - 77°F (20 - 25°C)
I
Vapor :
| [
o
i ——
Heat
Loss Air i Cooling Air
Leakage ) Leakage

Adapted from Bakor, M.; Rools, 1960;
Courtesy Natonal Research Councal of Canada

Building Science Corporation

Joseph Lstiburek 12

Lstiburek
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70 158
60 /"-‘l[\ [ Membrane 10
50 / \\ 122
40 \ 104
30 1~ Outside air \ 86
5 A . 3
~ 20 - 68 -
[ - (]
5 / " = §
PN g
2 2
E o 2 E
e ~
-10 14
-20 -4
-30 -22
0 B 8 12 16 20 24
Hours of a summer day
From Baker, M.; Roofs, 1980
Building Science Corporation
Joseph Lstiburek 13
70 158
60 140
50 122
40 104
30 86
g 3
;.; 20 68 ®
3 — 2
E 10 /— Membrane 50 B
g \A g
£ o / 32 E
° pe=t e 7 ——— 'q_)
] ¢ R -o
10 ’ - 14
e - \— Outside air
S~
20 = -4
30 -22
0 B 8 12 16 20 24
Hours of a winter day
From Baker, M.; Roofs, 1980
Building Science Corporation
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Membrane

Insulation

Building Science Corporation

Joseph Lstiburek 15

Insulation moved because of
poor adhesion to deck and
between layers

N
&\
N

N
N

Adapted from Baker, M.; Roofs, 1980;
Courtesy National Research Council of Canada

Top four courses
of brick and wood
blocking pulled
inward by
contracting
membrane

Building Science Corporation

Joseph Lstiburek 16

Lstiburek
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Gravel

Bitumen top pour

Felt

Bitumen

Bitumen saturated felt laid
dry and nailed to deck

Dry sheathing or rosin -
paper nailed to deck

Wood deck

Building Science Corporation
Joseph Lstiburek 17

Gravel

Bitumen

Bitumen
Priming

Concrete -
deck

Building Science Corporation
Joseph Lstiburek 18
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Lstiburek

Roof membrane

Coverboard

Thermal insulation

¥

Y

Air control layer

N Sheathing
Metal deck

Building Science Corporation
Joseph Lstiburek 19

Wind across the corner of a roof
produces a vortex spreading along
edges from the windward corner

Building Science Corporation
Joseph Lstiburek 20
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Building Science Corporation

Joseph Lstiburek 21

High parapet

- » Adtupted from Leutheusser, H.J. 13
Courtesy University of Toronko

Building Science Corporation

Joseph Lstiburek 22
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Building Science Corporation
Joseph Lstiburek 23

Wall

) — =

Building Science Corporation

Joseph Lstiburek 24
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Roof

) — =

Wall
Building Science Corporation
Joseph Lstiburek 25
Roof
H Wwall
Slab
Building Science Corporation
Joseph Lstiburek 26
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‘ Parapet
1
: Roof
: Wall
Slab
Building Science Corporation Joseph Lstiburek 27
Parapet
1
: Roof
: Wall
Footing Slab
]
Building Science Corporation Joseph Lstiburek 28
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FL Parapet
I[ Roof
Window Wall
Footing Slab

__ L

Building Science Corporation

Joseph Lstiburek 29

AA

Ballast (rock, pavers, earth)
J Filter fabric
Extruded polystyrene
%ﬁ@%%%&% OM insulation

Sloped concrete topping; slope
minimum 2% to drains

o '<¥—Concrete structural deck

Drainage gap, i.e., drainage mat
or grooved insulation

Fully-adhered roof membrane

Building Science Corporation

Joseph Lstiburek 30
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Stone ballast

Filter fabric

Insulation

Drainage space/
drainage layer

Roof membrane
(water control
layer/drainage
plane)

Sloped concrete
roof deck

Concrete
structural deck

Building Science Corporation

Joseph Lstiburek 31

Pavers

Pedestals
Insulation

Drainage space/
drainage layer

Sloped concrete
roof deck

Roof membrane
(water control
layer/drainage
plane)

Concrete
structural deck

Building Science Corporation

Joseph Lstiburek 32

Lstiburek
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Planting
medium
Drainage layer/
protection layer

Insulation

Drainage space/
drainage layer

Sloped concrete
roof deck

Roof membrane
(water control
layer/drainage
plane)

Concrete
structural deck

Building Science Corporation

Joseph Lstiburek 33

Concrete
curb or paver

Planting
medium

Sloped
concrete
topping

Concrete
structural
deck

Filter fabric

Root barrier

Water retention
layer/vent and
drainage layer

Insulation

Drainage
space
Roof membrane
(water control layer/
drainage plane)

Building Science Corporation

Joseph Lstiburek 34
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Lstiburek

Building Science Corporation
Joseph Lstiburek 35

Building Science Corporation
Joseph Lstiburek 36
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Lstiburek

Building Science Corporation
Joseph Lstiburek 37

Building Science Corporation
Joseph Lstiburek 38
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Building Science Corporation

Joseph Lstiburek 40
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Plaza Decks

Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 42
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Open paving Removable for drain

cleaning
[ - .0
[ [

—e

Closed paving with surface drainage

From Baker, M.; Roofs, 1980
Courtesy National Research Council of Canada

Building Science Corporation

Joseph Lstiburek 43

Open paving — Pedestal
| — Fitter fabric

Extruded polystyrene rigid
insulation (XPS)

Waterproof
membrane

Drainage mat J

Closed paving with surface drainage
— Pedestal
/ r— Filter fabric

/ / — Extruded polystyrene rigid
[ | | insulation (XPS)

Waterproof —
membrane

Drainage mat —— J

Building Science Corporation
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Lstiburek

Building Science Corporation
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Building Science Corporation
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Plaza Decks
Gravity
Drainage Space
Capillary Break
Protection
Isolation

Building Science Corporation

Joseph Lstiburek 47

Plaza Decks

Gravity

Drainage Space

Capillary Break

Protection

Isolation

...oh and you better get it right.....

Building Science Corporation

Joseph Lstiburek 48
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Plaza Decks Are Really Protected
Membrane Roofs

Building Science Corporation

Joseph Lstiburek 49

Plaza Decks Are Really Protected
Membrane Roofs

Not Easily Serviceable

Building Science Corporation

Joseph Lstiburek 50

© buildingscience.com

25 0of 78



Mixed Use Building Science:
Good Idea or Bad Idea? Protected Membrane Roofs

Lstiburek

September 24, 2015

Plaza Decks Are Really Protected
Membrane Roofs

Not Easily Serviceable

Should Be Isolated And Protected From All
Other Building and Waterproofing
Components

Building Science Corporation

Joseph Lstiburek 51

Plaza Deck Systems
Hot Fluid Applied Membranes
Cold Fluid Applied Membranes

Building Science Corporation

Joseph Lstiburek 52
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 54
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Building Science Corporation
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Osmosis

Building Science Corporation

Joseph Lstiburek 56
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Paver

Pedestal
Filter fabric

Extruded polystyrene rigid
insulation (XPS)

e

Concrete slab J

Membrane

Building Science Corporation

Joseph Lstiburek 57

Top of membrane
is wet

Vapor
diffusion

Building Science Corporation

Joseph Lstiburek 58
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Vapor
diffusion

Pore condensation
dissolves minerals
creating solute

LA A A A

Building Science Corporation
Joseph Lstiburek 59

Building Science Corporation

Joseph Lstiburek 60
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Building Science Corporation
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Lstiburek

Building Science Corporation
Joseph Lstiburek 63

Building Science Corporation
Joseph Lstiburek 64
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Building Science Corporation

Joseph Lstiburek 65

Building Science Corporation

Joseph Lstiburek 66
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Lstiburek

What Is Important For Long Term
Performance?

Building Science Corporation
Joseph Lstiburek 67

What Is Important For Long Term
Performance?

Provide a Protection Layer and Drainage
Mat

Building Science Corporation
Joseph Lstiburek 68
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What Is Important For Long Term
Performance?

Provide a Protection Layer and Drainage
Mat

Isolate the System From Other Building
Elements Such as Planters, Pools and
Landscaping

Building Science Corporation

Joseph Lstiburek 69

What Is Important For Long Term
Performance?

Provide a Protection Layer and Drainage
Mat

Isolate the System From Other Building
Elements Such as Planters, Pools and
Landscaping

Provide Curbs at Penetrations

Building Science Corporation

Joseph Lstiburek 70
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Plaza Decks

Mil Thickness

Surface Preparation
Crack/Joint Treatment
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Plaza Decks

Sealant or Cants at Corners and Transitions
to Reduce Stress and Increase Water
Shedding
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Plaza Decks
Inspection and Testing
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Plaza Decks
Inspection and Testing
Check Application Thickness (every 500ft2)
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Plaza Decks

Inspection and Testing

Check Application Thickness (every 500ft2)
Visually Inspect Entire Membrane
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Plaza Decks

Inspection and Testing

Check Application Thickness (every 500ft2)
Visually Inspect Entire Membrane

Flood Test Areas Prior to Installation of
Landscaping
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It's a Case of Black or White
Arrhenius
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It's a Case of Black or White
Arrhenius
Every 10 degrees C — double the “badness”
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Parapet Sashing

Fully-adhorod water
control membrane

Air control layer
transion membrane

Fully-adhored roof membrane

Fiberglass ban 7777 A
insulasion Rigid insulation

Gypsum sheathing

Building paper

Fibergass batt
insulation

Backer rod fils gap

Pool and stick
transion membrane;
air and water control

Open web steel joist

2} Deflecticn track allows space
| for sheathing to move

Bullding paper

Dropped cading tiles

Interior Gypsum board
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Parapet flashing ——
— Tapered rigid insulation
Fully-adhered water / ——— Grout and reinforce
control membrane \::) / / parapet CMU as per
/ ,"' structural requirements
77777 /
// ’ — Cant
7 “‘ [ Wood blocking
[/ r~ Perimeter of roof insulation wrapped in air
z /] | control membrane to block airflow from roof
/ [/ | to parapet
J / ““ |~ Fully adhered roof membrane
7/ [ [ | [ —Two(2) layers insulation; joints
[ | | | staggered horizontally and vertically
W
7 '
7/
/
Fully-adhered water, 4/,
air and vapor control
membrane 7
V7
Peel and stick /,/,/, —
transition
air and water control 7/ ;\7 Deflection space
Backer rod to fill
/// deflection joint and
Mdobond‘ water and air
= mer
V77
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Parapet flashing ——
\ — Tapered rigid insulation
Fully-adhered water \ \ / ; Grout and reinforce
control membrane L) / / parapet CMU as per
/ ’,v' structural requirements
W /] N
7 ~ Backer rod
/ - Perimeter of roof insulation wrapped in air
/ | control membrane to block airflow from roof
/ A / | toparapet
- ] / |/~ Fully adhered roof membrane
7/ ‘ [ |~ Two(2) layers insulation; joints
Z || | staggered horizontally and vertically
7 1
7/ '
v
%
Fully-adhered water, ,/4
air and vapor control
membrane 7/
Peel and stick oI =
transition
air and water control 7/ NG Deflection space
7 7 Backer rod to fill
/// deflection joint and
debond water and air
Z barrier
V77
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Parapet flashing

Fully-adhered water
control membrane

Tapered rigid
insulation

air and water control

Air control layer A —
" Y
Water, d b
oonici mombrsne, (0
ly-adher
Peel and stick ///////

777

—Cant

[ Wood blocking

Perimeter of roof insulation wrapped in air control
membrane to block airflow from roof to parapet

~— Fully adhered roof membrane

/ — Two (2) layers insulation; joints

| | staggered horizontally and vertically

insulation %

7
Backer rod fills gap ///
Peel and stick

transition membrane;
air and water control

%

Water, air and vapor
control membrane:;

preferably mlry-adﬁevsd F;;;;I

\ \— Metal deck
ight gauge steel framing
(-ns!alled sl:ghlly proud

of I-beam) \

\ — Air oontrol membfam

- Open web steel joist

Deflection track allows space
for sheathing to move
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Parapet flashing

Fully-adhered water
control membrane

r Tapered rigid
|/ insulation

air and water control

%

Air control layer A
" Y,
Water, d b
oonici mombrsne, (A0
ly-adher
Peel and stick ///////

~ Backer rod

g‘ - Perimeter of roof insulation wrapped in air control
/ | membrane to block airflow from roof to parapet
Fully adhered roof membrane
| / — Two (2) layers insulation; joints

| staggered horizontally and vertically

| | r
f

insulation %

7
Backer rod fills gap ///
Peel and stick

transition membrane;
air and water control

%

Water, air and vapor
control membrane;

preferably mlry-adﬁevsd F;;;;I

L Air 00""0' "W'ID'GM

\ \— Metal deck
ight gauge steel framing
(-ns!alled sl:ghlly proud
of I-beam) \

- Open web steel joist

Deflection track allows space
for sheathing to move

Building Science Corporation

Joseph Lstiburek 108

Lstiburek

54 of 78

© buildingscience.com



Mixed Use Building Science:

Good |dea or Bad Idea? Protected Membrane Roofs September 24, 2015
Parapet flashing
e e

Air control layer .

transition membrane m

Vapor permeable ——

water control and

air control /~Backer rod

strip /* ~ Perimater of roof insulation wrapped in air control
/ | membrane to block airflow from roof to parapet

210 spray / — Fully adhered roof membrane

polyurethane foam

Two (2) layers insulation; joints
red horizontally and

Waler air and vapor
membrane;
pta'erab'y tully-adhered
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Parapet flashing \
Fully-achered water \ — Topered
Air control layer - Yk fashing
transition membrane
Gap in membrane 10 allow
drying by vapor diffusion
v
.
77 Backer rod
//% “f~&nmuo¢mo¢umbmmppadmaumml
7777 / |/ membrane 1o block airflow from roof to parapet
2 I/ spray . \ / / r— Fully adhered roof membrane

LA \ { [
polyurethane foam “‘ / Two (2) layers insulation; joints
/ | | staggered horizontally and vertically

7

sml pm

Metal blocking
between steel studs

|
///2
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— Cant
— Engineered wood blocking
roof membrane
~Perimeter of roof insulation wrapped in air control

— Fully adhered
|/ membrane to block airflow from roof to parapet
— Two (2) layers insulation; joints
/ i and ically

‘
L Metal deck

\ /.
Air cwlél\n}embmne

Peel and stick
transition membrane;

air and water control

Light gauge steel framing
(installed slightly proud
of I-beam)

v
L Open web steel joist

Fiberglass batt -
insulation
7
Backer rod fills gap ——
Deflection track allows space
for sheathing to move

Peel and stick
transition membrane; 7/

air and water control
W

Fully-adhered water,
air and vapor control
membrane 7 -
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— Perimeter of roof insulation wrapped in air control

r~ Fully adhered roof membrane
membrane to block airflow from roof to parapet

— Cant
/

= Two (2) layers insulation; joints
staggered horizontally and vertically

\
\ //\\
— Air control membrane

Peel and stick

air and water control
7/ -

Fiberglass batt
insulation

Backer rod fills gap

Peel and stick
transiion membrane; |77
air and water control
Fully-adhered water,
re

air and vapor control
membrane

| Open web steel joist

\ \— Metal deck
Light gauge steel framing
(installed slightly proud
of I-beam) \
\
\
L \

Deflection track allows space
for sheathing to move
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Outside Inside
70°F
O°F \ Dewpoint
—_— (50% RH, 70°F)
Location of

<
. condensation
Exterlo_r o and frost
sheathing
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Energy

Sensible Heat ~ 14.2 JigiK [ / Vapor
Latent Heat 2250 J/g
Sensible Heat 7142 g Liquid
T g e
2.1 JIg/iK Solid
1 1
0 273 373

Temperature (K)

Simple linearized energy-temperature relation for water

From Straube & Burnett, 2005
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The inside face of the
exterior sheathing is
the condensing surface
of interest 80 T T T T [
70 ‘ AT Dew point temp.
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Building paper w / | . Y
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R-19 cavity insulation in wood g 40 | 1 R
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§ ————
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The inside face of the
insulating sheathing is
the condensing surface
of interest 80 ‘ T ‘ T
70 ~ - -1
/ | temperature (R-7.5 sheathing,
. | R-13 cavity insulation as
Wood-based siding 60 // A /— shown in adjacent drawing) —1
oy [N ‘
o ] | 5 Mean monthly outdoor—/ \ ‘ I ‘
R-7.5 rigid insulation F = ° 50 %/( oAt \ I ’ ‘ /
= N
<1 g 40 / B - -
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frame wall = E 30 | | W
- o /
= e /
= 2 / ~—
Dew point temp. -
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wall covering | I
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OSB sheathing

Roofing membrane

Cover board

Roof deck (joints
taped)

Rigid insulation

Spray polyurethane
foam (upside down “L")

Rim closure material
OSB sheathing

Water control layer

Drainage mat

backed lath

Stucco over paper- —»

T

Cavity insulation

LTy

v" " ol
E 1
1o}

L

Gypsum board with semi-
permeable (latex) paint

Cavity insulation
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OSB sheathing

Rim closure material
OSB sheathing

Water control layer

Drainage mat

Stucco over paper-
backed lath

Roofing membrane

Roof deck
Spray polyurethane foam

— Cavity insulation
Gypsum board with semi-
permeable (latex) paint

Cavity insulation
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/7 Roof insulation

Protected
roof vent

\— Class Il vapor retarder
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Balconies
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