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A Building is an Environmental Separator

Building Science Corporation
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. 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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2"d Law of Thermodynamics
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In an isolated system, a process can occur
only if it increases the total entropy of the
system

Rudolf Clausius
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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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Solar radiation

Rain -
Heat exchange —P —> Heat exchange
with outdoors with indoors
Vapor exchange ' ' Vapor exchange
with outdoors ‘ . with indoors
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Cladding l:
Control layers >

Structure —| >
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Wall
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Slab Roof
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<« Slab
< Control layers

Stones
Earth
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Wall
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Roof

Wall
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Parapet
: Roof
: Wall
Slab
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Parapet

/\ Roof

Wall

Fooh/ Slab
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Window

Parapet
Roof
Wall
Footing Slab
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1
Brick e vanear
Drained cavity /J
Exterior fgid insulation — exdnuded — e s d
, 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 I P
Latex paint or vapor sem|-
permeable textured wal fiinish ‘ j

-y

Vapor Profile

Building Science Corporation
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Brick j veneer

Drained cavity

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

'

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

Non paper-faced axtencr gypsumn ————
heathing, plywood or oriented strand
board (OSB)

Unmsulated steel stud cavity

Gypsum board

Latex paint or vapor semi-
parmeadle textured wall fiinish

&

- =

Vapor Profile
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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
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Commercial Enclosure: Simple Layers

* Structure
* Rain/Air/Vapor

* Insulation
* Finish

Building Science Corporation
Joseph Lstiburek 28
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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)

Uninsulated steel stud cavity % >
Gypsum board %

Latex paint or vapor semi-
permeable textured wall fiinish

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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Rockwool

1x3 furring @ 24” o.c.

#10 screws @ 16” o.c. vertically
Result: 20 psf cladding weight
with <2/100” deflection

P .

-2t 37 'E-Es % 4
»
\

Lstiburek © buildingscience.com

44 of 59



CSI-Maine Environmental Separation March 14, 2016

Building Science Corporation

Joseph Lstiburek 89

90

Lstiburek © buildingscience.com 45 of 59



CSI-Maine Environmental Separation March 14, 2016

Building Science Corporation
Joseph Lstiburek 91

o
o
=

>

=

%

Lstiburek © buildingscience.com 46 of 59



CSI-Maine

Lstiburek

Environmental Separation

March 14, 2016

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
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dranago % the exteniorn
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“The Ugly” “The Bad" “The Good"
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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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Air Flow Is From A Higher Pressure to a
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Moisture Flow Is From Warm To Cold
Moisture Flow |Is From More To Less
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Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Thermal Gradient — Thermal Diffusion
Concentration Gradient — Molecular Diffusion

Building Science Corporation
Joseph Lstiburek 5

Moisture Flow Is From Warm To Cold
Moisture Flow |Is From More To Less

Thermal Gradient — Thermal Diffusion
Concentration Gradient — Molecular Diffusion

Vapor Diffusion
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Thermodynamic Potential
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Damage Functions
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Damage Functions
Water

Heat

Ultra Violet Radiation
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Damage Functions

Water

Heat

Ultra Violet Radiation
Oxidization (Ozone)
Fatigue (Creep)
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The Three Biggest Problems In Buildings Are
Water, Water and Water...
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80 Percent of all Construction Problems are
Related to Water
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Heat
Air
Moisture
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HAM
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Hygrothermal Analysis
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N
Sensible Heat 14.2 JigiK Vapor
Latent Heat 2250 Jig
Energy
Sensible Heat 4.2 Jigk  Liquid
Latent Heat 333 Jig
| 2.1 Jig/K Solid
>
1 1 7
0 273 373

Temperature (K)

Simple linearized energy-temperature relation for water
From Straube & Burnett, 2005
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Figure 8-7. OQutside vapour pressure, saturated vapour pressure
and inside vapour pressure for Winnipeg.
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“— Roof sheathing

~- Condensation and frost
accumulating on underside
of roof sheathing

Inside
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Exterior ———— \
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r Leaky air handling unit
/

/{ and supply ducts

/

Return Supply

@0 O 06

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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Air handing
unit
Supply Return Supply

/"‘]_I_, ‘J_.’\

Note: Colered shading depicts the building’s thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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Wooed or fiber cement siding

Furnng or spacer strip

Building paper, housewrap or bulding
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Plywood or OSB sheathing
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Shingles

Water control —. ’

Continuous
soffit vent

Wood or fiber cement ——»
siding
Furring or spacer strip —— ‘

Building paper,
housewrap or building
wrap (PinkWrap®
Housewrap)

or
OSB sheathing

\ = o
C N\ e
layer ’ P ‘
- I

/Wﬂig@

Continuous ——»

ridge vent =Y

= Altic ventilation

I

Vapor
Flow-Through
Assembly

“\— EcoTouch® Pink®

Fiberglass Insulation
or blown insulation

- Latex paint
. Gypsum board

EcoTouch® Pink®
Fiberglass Insulation
in cavity
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Wood or fiber coment siding

Furring or spacer strip

Exterior rigid insulation (Foamutar*
Extruded Polystyreno (XPS))

EcoTouch® Pink® Fberglass Insufation
n cavity

Gypsum board

Latex pant

Control of Condensing
Surface Temperature
Assembly
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Vapor
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Calculating capillary rise

ambient
pressure

pressure \
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Capillary rise versus diameter
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Capillary Flow

Siding laps
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Concrete slab

Polyethylene
vapor barrier

Granular
capillary break
and drainage
pad (no fines)
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——— Gypsum board thermal

barrier necessary when
rigid insulation is not rated

for exposed application

Gypsum board over

furring strips

Sealant
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slab

[ Polyethylene vapor barrier

s «— Concrete slab
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01 — Granular
capillary break
and drainage
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Plyweod subfloor
Top-side epoxy coating

Vapor semi-permeable assembly
allows moisture to pass ina
slow, controlled manner

Extruded polystyrene; unfaced,
no polypropylene or foil facing

1x4 furring (16" 0.c.)
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Rigid extruded polystyrene
Polymer based (PB) stucco

Plastic L-bracket for \
Insectrodent protection
of rigia insulation \

Woop scroed/capillary broak/ -
termite shield for stucco \
rendering over polyethylene

For insact protection provide

3-0" of mulch and then

A -
whewe T

VY 2 drought-resistant plants
” }* =
< y P

Ground
from wall at 5%
(6 in. per 10 1)

Cavity insulation

Gypsum board

Sealant, adhesive or
pasket

-~ Sill gasket
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Capillary break under
framing (polyethylene
strip)

Latex paint (vapor
permeable, but water
repellent)
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< Drip edge
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— Drip edge

Building Science Corporation

Joseph Lstiburek — Rain Control 19

Building Science Corporation

Joseph Lstiburek — Rain Control 20

© buildingscience.com

10 of 92



CSI-Maine Rain Control March 14, 2016

Building Science Corporation
Joseph Lstiburek 21

Building Science Corporation

Joseph Lstiburek — Rain Control 22

Lstiburek © buildingscience.com 11 of 92



CSI-Maine

Lstiburek

Rain Control

March 14, 2016

Plywood/OSB
sheathing

——— Water control
layer

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

Wind enters cup— »

pressurizing cup; b
no rain entry due
to wind driven rain

Entire wind

e pressure

taken here

<

5 Cup can still drain
water to exterior

Building Science Corporation
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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

Momentum driving force
converted to gravity—
water drains away

Wind enters cup— /
pressurizing cup; O L‘::‘:_/

no rain entry due
to wind driven rain

water to exterior

06
66 Cup can still drain
o

Entire wind
pressure
taken here
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Insulating
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Seal (gasket)

Hole providing
drainage and
pressurization

Rough opening

Seal (tape)

Setting block
(typically two
per unit)

_~—— Frame

et |
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Outer seal sees
water but not
pressure; no

~ Key seal is interior
/" seal as it takes

pressure difference S/ maxjmum wind load
across this seal, g butit does not see
therefore no rain water
entry
Pressure in chamber
Entire wind
is same as pressure
outside on face of ™= —p g:::‘,‘":m
assembly SN
Air enters and sl I Il Pressure
pressurizes chamber
chamber
[ —————— |
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Adhesive -backed —
sill flashing

Housewrap -

Sheathing—— s

Interior air seal

Beveled wood
siding
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Intent of sealant is to Flashing tape
limit this lateral flow of )
water between Sealant “bedding”
sheathing and joint
building wrap
-~

Building wrap

“wrapped” into

opening
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