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What is a Building?
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Building Science Corporation

Joseph Lstiburek 10

A Building is an Environmental Separator

Building Science Corporation

. Control heat flow

. Control airflow

. Control water vapor flow

. Control rain

. Control ground water

. Control light and solar radiation

. Control noise and vibrations

. Control contaminants, environmental hazards and odors
. Control insects, rodents and vermin
. Control fire

. Provide strength and rigidity

. Be durable

. Be aesthetically pleasing

. Be economical
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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
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Cladding >
Control layers —] | »

Structure —| >
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer

Building Science Corporation
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Slab Roof

Building Science Corporation
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SEREICESS SR Filter fabric —
< Control layers ontrot layers
Stones
< Roof structure
Earth
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Roof

H wall
Building Science Corporation
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TL Parapet
L Roof
= Wall

Slab

Building Science Corporation
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Roof
H Wall
N
Slab
Building Science Corporation
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TL Parapet
L Roof
- Wall
Footing Slab

[
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i
Brick veneer/stone veneer ——g
Drained cavity

Exterior rigid — extruded

polystyrene, expanded polystyrene,
rock wool,

RN

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

7
S—

Metal channel or wood furring

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish a

<«

Vapor Profile

=)

Building Science Corporation
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P Parapet o
J
H Roof
Window Wall
| Footing Slab
J
Building Science Corporation
Joseph Lstiburek 25
———
Brick veneer
Drained cavity

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

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)

S|N|SISISISISIS|

Uninsulated steel stud cavity

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

77
«

Vapor Profile

—)
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[

Brick veneer
Drained cavity

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

or b l-on or spray
applied drainage plane, air barrier
and vapor retarder

Non paper-faced exterior gypsum
sheathing, plywood or onented strand
board (0SB)

Insulated wood stud cavity

59999000000 000000

:|£:I

i 1r

\

Gypsum board

Latex paint of vapor semi-
permeable textured wall fiinish

'Eﬂ]ﬂkﬂ?ﬂd S|N|NIN/SISIN!

Vapor Profile
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Commercial Enclosure: Simple Layers

« Structure
» Rain/Air/Vapor

« Insulation
« Finish

~
~
-~
—~
~
~
-
~
~
-
-~
~
-
A
~

Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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T Somm——
Cal 180044 TYVEX WWA CONSTRUCTION TYVEK.COM
I POND The miracies of science*

April 17, 2014
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Joseph Lstiburek 61

Building Science Corporation
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—— Upturned leg

Base sloped
to exterior

Drip edge

Building Science Corporation

\\~
\\\
2 Bu"dlnﬁ Pape,
E DOW;;

Joseph Lstiburek — Rain Control 65
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Joseph Lstiburek — Rain Control 66
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Rain enters cup b
due to momentum
("kinetic energy”) b

L

4

‘7

(=2

[+

Cup drains water
to exterior

Building Science Corporation
2011 Joseph Lstiburek 69

Baffle to deflect raindrops
hitting face of cup due
to momentum
("kinetic energy”)

Pressure incup is b
same as pressure
outside on face*
of baffle

Entire wind
pressure
taken here

Momentum driving force
converted to gravity—
water drains away

Wind enters cup—
pressurizing cup;
no rain entry due
to wind driven rain

Cup can still drain
water to exterior

oo "‘

Building Science Corporation
2011 Joseph Lstiburek 71

Lstiburek
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Rain enters cup 1+
due to momentum
("kinetic energy”) b
Entire wind
Wind enters cup— —’b pressure
pressurizing cup; taken here

no rain entry due
to wind driven rain

A
v

6 Cup can still drain
water to exterior

Building Science Corporation
2011

Joseph Lstiburek 70

Insulating
glass unit

Seal (gasket)

\
N

Hole providing —.

drainage and
pressurization

B S -
| 1
R s o J
»
=
Rough opening

- ———

Seal (tape)
— Setting block
(typically two
per unit)
Frame

Building Science Corporation
2011

Joseph Lstiburek 72
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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
assembly

Air enters and sl

pressurizes
chamber

April 17, 2014

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

Entire wind

[ pressure
taken here

Pressure
chamber

————y

Building Science Corporation
2011

Pressure
moderated
chamber

Adhesi hack

sill flashing

ap

Sheathing

Interior air seal

Beveled wood
siding
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Building Science Corporation
2011

Joseph Lstiburek 74

Building Science Corporation

Joseph Lstiburek 75

Lstiburek

Building Science Corporation

Joseph Lstiburek 76

© buildingscience.com

19 of 57



Energy OutWest San Diego

Multifamily

April 17, 2014

Building Science Corporation

Joseph Lstiburek 77

Building Science Corporation

Joseph Lstiburek 78

Building Science Corporation
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Building Science Corporation
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Intent of sealant is to Flashing tape
limit this lateral flow of .
water between S(::‘alant “beddlng"
sheathing and joint

building wrap

Building wrap
“wrapped” into
p opening

Building Science Corporation Building Science Corporation

Joseph Lstiburek 81 Joseph Lstiburek 82

N

Building Science Corporation Building Science Corporation
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Building Science Corporation
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— 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 107

Lstiburek
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— Sealant
backer rod

Inner seal

Pressure
chamber

Baffle

Building Science Corporation
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Inner, protected seal > Outer, exposed
seal
Drain and vent
opening
Building Science Corporation
Joseph Lstiburek 109
Water Vapor F of Hyg
100
80 4
§ 70 4
» 60
=
§ w1
g 40 4 Dry cup limits Wet cup limits.
R T s
H ot rons
58 . I
10 ;
0 T T T T T
0 10 20 50 60 70 80 20 100

Mean Relative Humidity, %
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I\

Exterior face of
cladding

'\ Drainage opening

Building Science Corporation
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Target Range

Summer —i

— Winter

Uncomfortably

Dry* i

0 ‘ 25 50 60 75 100
20 65

Relative Humidity (RH) %

Building Science Corporation
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Building Science Corporation
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Water Vapor Permeance of Sheathing Materials
100 -

90 4

o @
s 8
" L

»
3
L
Wet Cup

w
8
i
Dry Cup

Water Vapor Permeance, US perms
n
3

=)

o

T T T T T

40 50 60 70 80

s
3

Mean Relative Humidity, %

114
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Sheathing

Penetrating
Water

Joseph Lstiburek 119

Lstiburek

Building Science Corporation
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Sheathing
4
Penetrating

Water

Building Science Corporation

Joseph Lstiburek — Rain Control 121

Building Science Corporation
Joseph Lstiburek — Rain Control 122

Rain Screen

Building Science Corporation
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Lstiburek

Building Science Corporation
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Beer Screen?
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Building Science Corporation
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Building Science Corporation
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[ﬁ\
1\
N { 4 Hydrostatic
- pressure
Hydrostatic
pressure

. - s

Building Science Corporation
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| Hydrostatic
—*  head

A

«—— Cladding

Building Science Corporation
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Hydrostatic
head

«—— Cladding

Building Science Corporation

Joseph Lstiburek 133

mph

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

100 200 300 400 500 600 700 800 900 1000

Building Science Corporation
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Joseph Lstiburek — Rain Control 137
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Fromn Baker, M.; Roofs, 1980
Courtesy National Research Council of Canada
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—— Brick veneer

~ Drainage mat
/—Mudbase

~Tile
Drainage mat

Water control layer

Weep holes

Membrane waterproofing

— Extruded aluminum
/ balcony edging (clips
into drip edge)

Steel lintel bolted -
to frame

Trsated ) ! - Lop T o Weep

Treated shim Metal drip-edge
extended past

exterior cladding
\-Sealant

Plywood or OSB
decking

[+ Stucco

i« Drainage mat

Alr impermeabie insulation — m:r control

(spray polyurethane foam)

— Sheathing

Building Science Corporation Building Science Corporation

Joseph Lstiburek 149 Joseph Lstiburek 150

Venting protective

X Structure

Air control layer, vapor
control layer and draining
membrane

Rain screen ——»

Thermal control
layer

Air control layer, vapor
control layer and water
control layer

—— Structure

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

Building Science Corporation

Building Science Corporation
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Building Science Corporation

\\ \ 775X

L Motal dock — A control mambeane
uwm-w</

(instalied sightly

ot I-beam)

Joseph Lstiburek 153

Ao ot
menorane

Building Science Corporation

| Open web steet jost
~ Daocson track alows 50008
or sheathing 1o move
Building Science Corporation
Joseph Lstiburek 154
— Tapeeed ighd nsutation
Pullyadhesed waler Grout and reintorce
cortrck pavaget CMU a3 por
=
Con
Purimerae of ool reduton weigged = ax
| control membeane 10 block aifiow from roof
10 paraget
Fully adhesed oot membrana
T (2) layers insutason; jounts
stagrgered hoxizoreaty and werscaly
P
Pl |
I
Futy-adheod watar,
air and vapor cortrel
momirane
Poel and stick.
vanatin :
i 4 winter control
Backar rod 1o 8
jont
Gobond water and ar
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Taperod rigd insulation
Grout and rentorce
parapet CMU as per

~ Backer o3
Permater of (ool reudaton wiigped o ax
| control membrane to thock airfiow from oot
w0 pampet

Fully achered rocf mombrane

— Two (2) layers insdaton; jints
staggered horizontally and verscaly

Pa |

Building Science Corporation

Joseph Lstiburek 157

Pool and stck ———
EANSHON Mambeane;
a5t and water control

Foapiass batt

Backer rod fils gap
Peel and stck

transtion membrane;
i and water control

Fully-adhered water,
&5 and vapor control
membaane

Pormeter of roof insulation wrapped in air control

membrane 1o tlock airiow o roof 10 parapet
Two (2) layers insulasion; joints.
staggered horzontaly and verticaly

Building Science Corporation

Joseph Lstiburek 159
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Cant
Engineered wood blocking
Fully adhered root
- Perimatar of oot in air control
10 block airfiow from roof %0 paraget

Biackor rod fits gap
Peel and stck —
transtion membrane;
& and watee control

Fully-sdhersd waer,
@ and vapor control
membrane

Air control memmbrane

L

Open web steel joist

— DOfaction track alows SOA08
for sheathing 1o move

Building Science Corporation

Joseph Lstiburek 158

OSB sheathing

Roof deck (joints
taped)

Roofing membrane

Rigid insulation
|

Spray polyurethane —
foam (upside down “L")

Rim closure material
OSB sheathing

Water control layer——

Drainage mat

Stucco over paper- ——
backed lath

Cover board

ARE A2k -3 A-L 2 TUIF

Cavity insulation

Gypsum board with semi-
permeable (latex) paint

Cavity insulation

Building Science Corporation

Joseph Lstiburek 160
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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

[Re--rmmmm ===

- Cavity insulation

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

Cauvity insulation

Building Science Corporation
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Protected
roof vent \Y/

/7 Roof insulation

i

~!

A

0\

s

i,

S '~— ..., . --

/3

Class Il vapor retarder

Building Science Corporation
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Building Science Corporation
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178
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Sacond layer of z-bars
should be installed
perpendicular to the first
layer; odentation of the two
layers wil depend on the
requirements of the

Stool studs —
Sheathing

Metal panel

First kayer of z-bars emboedded in the
insulation layer; should the first layer be
instalied horzontally, the exterior leg
should be turned down 1o promote
drainage 1o the exterior.

Lstiburek
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Stool studs —,
Sheathing

Fully-adhered air and
water control keyer

Continuous insulation
layer

Building Science Corporation

Stack Effect Flow Out
p— (Exfiltration)
I L] ".('lemdmps with
I 1 * height slower than
—nn % Poutside

o i Poutside drops
. ! I I‘.ﬁ ¥ w?tﬁ‘helgm faster
| 4 than Pinside
.. S Sl
| A

Stack Effect Flow In
(Infiltration)

Building Science Corporation Building Science Corporation
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Reduced Individual
Unit Stack Effect

= |
i |
S0
S0
i |
e |
o
g

OO0
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Air Barrier Metrics

Material  0.02 l/(s-m2)@75 Pa
Assembly 0.20 I/(s-m2)@75 Pa
Enclosure 2.00 l/(s-m2)@75 Pa

Building Science Corporation

Building Science Corporation
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Building Science Corporation
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