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A Building is an Environmental Separator

Building Science Corporation

Joseph Lstiburek 3

. 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

Building Science Corporation
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2"d Law of Thermodynamics

Building Science Corporation
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In an isolated system, a process can occur
only if it increases the total entropy of the
system

Rudolf Clausius

Building Science Corporation
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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 7

Building Science Corporation
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Building Science Corporation
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Solar radiation

Rain -
Heat exchange Heat exchange
with outdoors 4_> “ with indoors
Vapor exchange Vapor exchange
with outdoors 9 ﬁ with indoors
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer

Building Science Corporation

Joseph Lstiburek 11

Cladding l:
Control layers >

Structure —| >

Building Science Corporation
Joseph Lstiburek 12
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Wall
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Slab Roof

Building Science Corporation
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- - Ballast
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<« Roof structure
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<« Slab
< Control layers

Stones
Earth
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Wall

Building Science Corporation
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Roof

Wall

Building Science Corporation
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Roof
H Wall
I
fl

Slab

Building Science Corporation Joseph Lstiburek 19
Parapet

: Roof
: Wall

Slab

Building Science Corporation
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Parapet

/\ Roof

Wall

Fooh/ Slab

Building Science Corporation

Joseph Lstiburek 21

e =

Window

Parapet
Roof
Wall
Footing Slab

Building Science Corporation
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Brick e vanear
Drained cavity §
Exterior rigid insulation — extruded — e« 4
, expanded polystyrene, L~
Isocyanurate, rock wool, fiberglass
%
Membrana or trowel-on o spray /]
applied drainage plane, air barner
and vapor retarder 4
Concrete block 4
11
Matal channet or wood furring
Gypsum board
-
Latex paint or vapor semi-
permeable textured wall fiinish ‘ V1
A

o)

Vapor Profile

Building Science Corporation

Joseph Lstiburek 23

Extenior rigid nsulation — extruded
polystyrena, expanded polystyrene,
wocyanurate, rock wool, fiberglass

Membrane or rowel-on of SPeay ——g
applied drainage plane. air barnear
and vapar retarder

Non paper-faced axtencs gypsum ————
heathing. plywood o oriented strand
board (OSB)

Unnsulated steel stud cavity

Gypsum board

Latex paint or vapor semi-
parmeadle textured wall fiinish

'

Vapor Profile

Building Science Corporation

Joseph Lstiburek 24
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Brick veneer$ione veneer o
Drained cavity

Extaror rigid insulation — exiruded
polystyrena, expanded polystyrene,
socyanurate, rock wool, fiberglass

Membrane of trowel-on of spray
applied dranage plane, ar darrier
and vapos retarder

sheathing, plywood or oriented strand
board (OSB)

Insulated wood stud cavity

Non paper-faced exterior gypsum %

Trrin

Gypsum doard o

N

)

Latex painl or vapor semi> -~ v
permeable textured wall finish | I

)

s
I\

& | =

Vapor Profile

Building Science Corporation
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Commercial Enclosure: Simple Layers

* Structure
* Rain/Air/Vapor

* Insulation
* Finish

Building Science Corporation
Joseph Lstiburek 28
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
Joseph Lstiburek 41

CLMNOGLASS GOLD \H4S GOLO OLASS GOLD

Building Science Corporation
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Building Science Corporation
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Building Science 2009

Joseph Lstiburek — HVAC 67
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 75
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Brick veneer cladding "
Drained and vented cavity “
Y
Spray-applied closed-cell high- |
density foam (2 Ib/ft*) water control
layer (also air control layer, vapor
control layer and thermal control %
layer)
A
Concrete masonry unit wall L/
Metal channel /-
/]
R "
Gypsum board interior lining
Latex paint Y o i
/] L
1 ]
78
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Brick veneer/stone veneer

Drained cavity

Spray-applied closed-cell high-
density foam (2 Ib/it*) water control
layer (also air control layer, vapor
control layer and thermal control
layer)

Non paper-faced exterior gypsum

sheathing, plywood or oriented strand
board (OSB)

Latex paint or vapor semi-
permeable textured wall fiinish

Uninsulated steel stud cavity %
Gypsum board %

7

Brick veneer/stone veneer

Drained cavity

Spray-applied closed-cell high-
density foam (2 Ib/ft”) water control
layer (also air control layer, vapor
control layer and thermal control
layer)

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

Insulated wood stud cavity

Gypsum board

Latex paint or vapor semi-
permeable textured wall finish

80
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Brick veneer/stone -

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 sheathing,
plywoed or OSB

Spray foam insulation

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

A

81

Brick veneer/stone veneer

Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate

Spray foam insulation

A\l

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

82
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Brick veneer/stone veneer

Drained cavity , [

Drainage plane | |

Non paper-faced exterior sheathing,
plywood or OSB {

Spray foam insulation -

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

83
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Building Science Corporation
2010
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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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Building Science Corporation

Joseph Lstiburek 89

90

Lstiburek © buildingscience.com 45 of 59



Service Partners

Keynote

Building Science Corporation

Joseph Lstiburek 91

o
o
=

>

=

%

Lstiburek

© buildingscience.com

April 17, 2016

46 of 59



Service Partners

Keynote

Socond layer of Z-Dars ——
houdd bo mstaliod N

First fayor of 2-bars embedded 1 the
insulation layer; shouid ™he Srst layer be
instalied horizortally, the extenor eg
should be hurted down 1o prosnote
dranago % the exteniorn
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Building Science Corporation
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Building Science Corporation
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“The Ugly” “The Bad" “The Good"

Building Science Corporation
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As per structural -
e.g. 36" to 48” (800
to 1200 mm) o.c.

\ \\\‘— Weld
\  —Cast-in plate
— Concrete slab
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Bracket

Angle > 3

Building Science Corporation
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