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limit this lateral flow of .
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building wrap

Building wrap
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p opening

Building Science Corporation Building Science Corporation
Joseph Lstiburek 93 Joseph Lstiburek 94

Building Science Corporation Building Science Corporation
Joseph Lstiburek 95 Joseph Lstiburek 96

Lstiburek © buildingscience 24 of 48



Harvard

Enclosures

|

April 25, 2014

Building Science Corporation

Joseph Lstiburek 97

Building Science Corporation

Joseph Lstiburek 98

Building Science Corporation

Joseph Lstiburek 99

Lstiburek

Building Science Corporation

Joseph Lstiburek 100

© buildingscience

250f48



Harvard

Enclosures

April 25, 2014

Building Science Corporation

Joseph Lstiburek 101

Building Science Corporation

Joseph Lstiburek 102

Building Science Corporation

Joseph Lstiburek 103

Lstiburek

Building Science Corporation

Joseph Lstiburek 104

© buildingscience

26 of 48



Harvard

Building Science Corporation

Joseph Lstiburek 105

Building Science Corporation

Joseph Lstiburek 107

Lstiburek

Enclosures

April 25, 2014

Building Science Corporation

Joseph Lstiburek 106

Building Science Corporation

Joseph Lstiburek 108

© buildingscience

27 of 48



Harvard

Enclosures

April 25, 2014

Building Science Corporation

Joseph Lstiburek 109

Building Science Corporation

Joseph Lstiburek 110

Building Science Corporation

Joseph Lstiburek 111

Lstiburek

Building Science Corporation

Joseph Lstiburek 112

© buildingscience

28 of 48



Harvard

Enclosures

April 25, 2014

Building Science Corporation

Joseph Lstiburek 113

Building Science Corporation

Joseph Lstiburek 114

Building Science Corporation

Joseph Lstiburek 115

Lstiburek

Building Science Corporation

Joseph Lstiburek 116

© buildingscience

29 of 48



Harvard

Building Science Corporation

Joseph Lstiburek 117

— Sealant
backer rod

Inner seal

Wind pressurizes
chamber between
inner and outer
seal

Sealant ——
backer rod

Outer seal

\ Vent tube

Building Science Corporation

Joseph Lstiburek 119

Lstiburek

Enclosures

© buildingscience

April 25, 2014

Building Science Corporation

Joseph Lstiburek 118

— Sealant
backer rod

Inner seal

Pressure
chamber

Baffle

Building Science Corporation

Joseph Lstiburek 120

30 of 48



Harvard

Enclosures

Inner, protected seal

QOuter, exposed
seal

Drain and vent
opening

April 25, 2014

Building Science Corporation

Joseph Lstiburek 121

~ Drainage space
Backer rod

Exterior face of
cladding

Drainage opening

Building Science Corporation
Joseph Lstiburek 122

Building Science Corporation

Joseph Lstiburek 123

Lstiburek

Building Science Corporation
Joseph Lstiburek 124

© buildingscience

31 0f 48



Harvard

Enclosures

April 25, 2014

Building Science Corporation

Joseph Lstiburek 125

Building Science Corporation
Joseph Lstiburek 126

Triple glazed window
Exterior seal Interior air seal
Wil weape 20 ga angle supporting
Synthetic stucco Pa:: g:;lzr synthetic stucco
rendering wrapped P 9
around opening

creating “pan flashing”

Building Science Corporation

Joseph Lstiburek 127

Building Science Corporation
Joseph Lstiburek 128

Lstiburek

© buildingscience

32 of 48



Harvard

Enclosures

Building Science Corporation
Joseph Lstiburek 129

April 25, 2014
Water Vapor F of Hyg i

100 -

90 4

80
§ 70 4
& 60 4
=
§ w1
£

4 }+————————— Wet cup limits,
& 49 #¢———————— Dry cup limits ——————»1 S
- IO T Tt )
=
3 8 Wetcp
s 20 1 Dry cup 3 test results.
= & test resutts ;
R s
10 |
0 T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Mean Relative Humidity, %

Target Range

Winter Summer

65

Relative Humidity (RH) %

Building Science Corporation

Joseph Lstiburek 132

Lstiburek

© buildingscience

33 of 48



Harvard

Enclosures

April 25, 2014

Water Vapor P of Sh i

& 8 8

w
8
1
Dry Cup

Water Vapor Permeance, US perms

n
S
i

0 y T T
0 10 20 30 40 50 60 70

Mean Relative Humidity, %

133

Building Science Corporation
Joseph Lstiburek 134

Building Science Corporation

Joseph Lstiburek 135

Building Science Corporation
Joseph Lstiburek 136

Lstiburek

© buildingscience

34 of 48



Harvard

Enclosures

April 25, 2014

Building Science Corporation
Joseph Lstiburek 137

Building Science Corporation
Joseph Lstiburek 138

Sheathing

Penetrating
Water

Building Science Corporation
Joseph Lstiburek — Rain Control 139

Sheathing

Penetrating
Water

Lstiburek

Building Science Corporation
Joseph Lstiburek — Rain Control 140

© buildingscience

35 of 48



Harvard Enclosures April 25, 2014

Rain Screen

Building Science Corporation Building Science Corporation
Joseph Lstiburek — Rain Control 141 Joseph Lstiburek 142

Beer Screen?

Building Science Corporation Building Science Corporation
Joseph Lstiburek 143 Joseph Lstiburek 144

Lstiburek © buildingscience 36 of 48



Harvard

Enclosures

April 25, 2014

Building Science Corporation
Joseph Lstiburek 145

Sf?{

Hydrostatic
pressure

Hydrostatic
pressure

Building Science Corporation
Joseph Lstiburek 146

Building Science Corporation
Joseph Lstiburek 147

Lstiburek

Building Science Corporation
Joseph Lstiburek 148

© buildingscience

37 of 48



Harvard

Enclosures

(A

April 25, 2014

Building Science Corporation
Joseph Lstiburek 149

Building Science Corporation

Joseph Lstiburek 150

| Hydrostatic
—*  head

A

«—— Cladding

Building Science Corporation
Joseph Lstiburek 151

Hydrostatic
head

A

«—— Cladding

Lstiburek

Building Science Corporation

Joseph Lstiburek 152

© buildingscience

38 of 48



Harvard

Enclosures

April 25, 2014

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

mph

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

Building Science Corporation
Joseph Lstiburek 153

Building Science Corporation
Joseph Lstiburek 154

Building Science Corporation
Joseph Lstiburek 155

Building Science Corporation
Joseph Lstiburek — Rain Control 156

Lstiburek

© buildingscience

39 of 48



Harvard

Enclosures

April 25, 2014

Building Science Corporation

Joseph Lstiburek 157

Building Science Corporation
Joseph Lstiburek 158

Building Science Corporation

Joseph Lstiburek 159

Lstiburek

Building Science Corporation
Joseph Lstiburek 160

© buildingscience

40 of 48



Harvard

Enclosures

April 25, 2014

Building Science Corporation

Joseph Lstiburek 161

Building Science Corporation
Joseph Lstiburek 162

Building Science Corporation

Joseph Lstiburek 163

Lstiburek

Building Science Corporation
Joseph Lstiburek 164

© buildingscience

410f48



Harvard

— Venting protective
cover

Thermal control
layer

N Structure

Air control layer, vapor
control layer and draining
membrane

Rain screen

>4

Air control layer, vapor
control layer and water
control layer

Thermal control —]
layer

~|— Structure

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

Building Science Corporation
Joseph Lstiburek 165

/-~ Parimater of 00l insation wragped i air Conro!

| mombeane to block airfiow from roof 10 parapet

Fully adhaced roof meerbrane

r— Two (2) layers insulation; joints
staggered horizontally and vortically

|

— Al control membeane

Open web steel josst

Daflocson track alows sp8ce
for shoathing 10 move

Enclosures

April 25, 2014

Building Science Corporation

Joseph Lstiburek 166

Ar conmrol tapee
Vs neteare
Ve parmmatie
water contesl and
o contel

wre

2% sy
Pouetune oam

Metal tocking
batwene stael 33530

W, i wnd vigcr
membrane:

coemol 3
retveatty hoy-adhered

wroped
marricane 4 tiock sxfiow b 1001 15 parapet

Building Science Corporation
Joseph Lstiburek 167

Building Science Corporation

Joseph Lstiburek 168

Lstiburek

© buildingscience

42 of 48



Harvard

Enclosures

Pampet fashing
[ Tapared rigid insufation
Fusly-adheced water Grout ang.
control membrane pacagat CMU a3 par
Conn
Wood thocking
Parietar of rool insdason weagped n we
| control memieane 10 block airiow from root
10 parapet
Fully adhesed roof membrana
[ Two (2) layers insulation joints
/ e horzorealy and wrscaly
:
Pl |
1
Futy-adhered water,
air and vapoe controk
mambrane
Poel and sick
transition membeana,
i el waher control o
Backar rod 10 88
jont
doband waser and s

April 25, 2014

Building Science Corporation
Joseph Lstiburek 169

Parapet Rashing

Fully-adtheced waler
control membrane

~ Backer o3
Permater of (ool reudaton wrigeed o ax
| control membrane to thock airfiow from oot
1 parmgat

Fully achered roof membrane

[ ] Two(2) wyers insutaton; jcints

— Backer 103 10
SeBlection ot and
debond water and air
armer

Building Science Corporation

Joseph Lstiburek 170

Perimetar of roof insulktion wrapped in air control
mambane 1o block airfiow from oot %0 pampet

[ Two (2) layers insedation; joints

| staggered honzontaly and vertically

Building Science Corporation
Joseph Lstiburek 171

in air control

7 Two (2) layers insutason; joints
| staggeced horzontaly and verticaly

Lstiburek

Building Science Corporation

Joseph Lstiburek 172

© buildingscience

43 of 48



Harvard

Enclosures

OSB sheathing

Roof deck (joints
taped)

Spray polyurethane —
foam (upside down “L")

Rim closure material —

OSB sheathing

Water control layer——

Drainage mat

Stucco over paper-
backed lath

Roofing membrane

/ Cover board
: ,_— Rigid insulation

===

-. 1 | | |,y-‘,|' K'}l'
|
" “IH‘V‘H”| Y\
IR ;\ v\ Y
i

LT LTI

L Cavity insulation

Gypsum board with semi-
permeable (latex) paint

Cavity insulation

Building Science Corporation

Joseph Lstiburek 173

Protected
roof vent \Y/

/~ Roof insulation

RS o7 e NG
WAL RS

T
., N

.., .,

v\— Class Il vapor retarder

Building Science Corporation

Joseph Lstiburek 175

April 25, 2014

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

Cauvity insulation

Building Science Corporation

Joseph Lstiburek 174

Lstiburek

Building Science Corporation

Joseph Lstiburek 176

© buildingscience

44 of 48



Harvard

Enclosures

April 25, 2014

Building Science Corporation
Joseph Lstiburek 177

Building Science Corporation
Joseph Lstiburek 178

Building Science Corporation
Joseph Lstiburek 179

Lstiburek

Building Science Corporation
Joseph Lstiburek 180

© buildingscience

45 0f 48



Harvard

Lstiburek

Enclosures

Building Science Corporation

Joseph Lstiburek 181

April 25, 2014

Building Science Corporation

Joseph Lstiburek 182

Building Science Corporation

Joseph Lstiburek 183

Building Science Corporation

7 18- B
pio ot =

bl ]
A

© buildingscience

Joseph Lstiburek 184

46 of 48



Harvard

Enclosures

April 25, 2014

Building Science Corporation
2010

Joseph Lstiburek 185

Building Science Corporation
Joseph Lstiburek 186

187

Lstiburek

Building Science Corporation
Joseph Lstiburek 188

© buildingscience

47 of 48



Harvard Enclosures April 25, 2014

Stoo! studs —
Sheathing ==

Second layer of z-bars ==
shouki be installed \

N 1 Fully-adhered air and
nqu':r:lu olthe o - water control keyer
Continuous insulaton
layer

Building Science Corporation

Lstiburek © buildingscience 48 of 48





