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Map of DOE'’s Propused Climate Zones
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Minneapolis, MN
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Lansing, MI
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Seattle, WA
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Figure 810, Wetting and drying potential for S1. Joha's, New- Figure 8-13. Wetting and drying poteatial for Ottawa, Ontario,
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Figure 8-7. Outside vapour pressure, saturated vapour pressure
and inside vapour pressure for Winnipeg.
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Water control layer

Building Science Corporation
Joseph Lstiburek 16



Water control layer
Key is control of hydrostatic pressure
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Water control layer

Key is control of hydrostatic pressure
All about “the gap”
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Trick is to figure out how much hits the wall

Assume 30 percent bounces off

Assume 1 percent that stays on the wall passes
through the cladding

Assume 1 percent of the 1 percent passes
through the water control layer into the
sheathing
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Brick veneer back-
ventilated to flush

Air

outlet |

inward-driven moisture

out of assembly

Air
intlet
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Drainage plane

Clear 1" air space open at both
bottom and top

Seat in foundation acting as flashing

» To effectively uncouple a brick veneer from a wall system by using
back ventilation a clear cavity must be provided along with both
air inlets at the bottom and air outlets at the top
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Drainage plane

Impermeable rigid insulation

Drainage space (1/4" or greater)

Drainage or ———— <7

weep opening

Seat in foundation acting as flashing

« To effectively uncouple a brick veneer from a wall system by using a
condensing surface the drainage plane must also be a vapor barrier
or a vapor impermeable layer (i.e. rigid insulation) must be installed
between the drainage plane and the brick veneer. Alternatively, the
rigid insulation can be configured to act as a both the drainage plane
and vapor impermeable layer.

+  When a condensing surface is used to uncouple a brick veneer from
a wall system a ventilated air space is no longer necessary. Additionally,
the width of the drainage space is almost irrelevant.
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Fluctuating Membrane
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Plywood/OSB
sheathing

Water control
layer

33" spacer strip
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Rain Screen
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Beer Screen?
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Vapor control layer
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Permeance
Permeability

Building Science Corporation
Joseph Lstiburek 49



Vapor control layer

C
C

C

dSS
dsSS

dsSS

0.1 perms (“vapor barrier”)

1.0 perms ("vapor semi impermeable)
10.0 perms (“vapor semi permeable)

Greater than 10 perms
Vapor permeable
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Relative Humidity (%)

Partial Pressure of Water Vapor

Change in the storage of moisture in a porous building material as the
partial pressure of water vapor in the ambient air increases from zero
to full saturation value at a given temperature.

Sorption Curve

From M.K. Kumaran, ASTM MNL 18-2nd Edition,
Moisture Control in Buildings, 2009
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Water Vapor Permeance vs. Relative Humidity
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Water Vapor Permeance, US perms

Water Vapor Permeance of MemBrain™ Smart Vapor Retarder,
Primed and Painted Gypsum Board, Unpainted Gypsum Board and
Asphalt-Coated Kraft Paper
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Water Vapor Permeance, US perms
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Water Vapor Permeance, US perms

Water Vapor Permeance of Sheathing Materials
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Sheathing

Penetrating
Water
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Penetrating
Water
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Condensing surfaces
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Sensible Heat ~ 14.2 J/g/K | / Vapor

Latent Heat 2250 J/g
Energy

Sensible Heat 7142 Jigk  Liquid

Latent Heat 333 J/g

2.1 JIg/K Solid

7

| |
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
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The inside face of the

insulating sheathing is

the condensing surface
of interest

Wood-based siding

R-7.5 rigid insulation

R-13 cavity insulation in wood

frame wall

Gypsum board with any paint or
wall covering
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Figure 8-7. Outside vapour pressure, saturated vapour pressure
and inside vapour pressure for Winnipeg.
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Air control layer
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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
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A
Cladding
ventilation /
QOuter lining Inner lining
leakage leakage
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Cladding
ventilation /
Insulating sheathing
leakage ~ —
Inner lining
Outer lining leakage

leakage
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Cladding Ventilation/ Sheathing Ventilation

Flow Rate Gap ACH
Wood Siding 0.1 cfm/sf 3/16" 20
Vinyl Siding 0.5 cfm/sf 3/18" 200
Brick Veneer 0.15 cfm/sf 3 10
Stucco (vented) 0.1 cfm/sf 3/8" 10
Stucco (direct applied) none none 0
Sheathing flanking flow 0.05 cfm/sf 3/16" 10
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Polyethylene

Caulking / sealant

l.— Polyethylene

: Caulking / sealant

Vapor permeable housewrap
/ wrapped around floor assembly

Caulking / sealant

Polyethylene

Caulking / sealant

\ Vapor permeable housewrap
wrapped around floor assembly

4 ,\]r— Sill plate installed over sill

gasket and air flow retarder

Note: shaded components designate

air barrier system
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Ceiling gypsum board taped
to wall gypsum board

Gypsum board caulked, glued
or gasketed to top plate

Gypsum board caulked, glued
or gasketed to bottom plate

Bottom plate caulked or
gasketed to subfloor

Subfloor glued, caulked or gasketed
to rim joist/rim closure

Rim joist/rim closure caulked or
gasketed to top plate

Gypsum board caulked, glued or
gasketed to top plate

Gypsum board caulked, glued or
gasketed to bottom plate

Bottom plate caulked or
gasketed to subfloor

Subfloor glued, caulked or gasketed
to rim joist/rim closure

Rim joist/rim closure caulked
or gasketed to sill plate

Sill plate installed over sill gasket

Note: shaded components designate
air control layer
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Ceiling gypsum board caulked
to top plate

—— Membrane strip

I~ Building wrap with
taped joints

Building wrap laps exterior of
membrane strip “shingle fashion”;
bottom edge taped to membrane
strip

Z

/ Membrane strip over primed
% concrete

Note: shaded components designate
air control layer




Ceiling gypsum board caulked
to top plate

Membrane strip

Membrane strip

~——— Membrane strip

Membrane strip

Membrane strip over primed
concrete seals exterior
sheathing to foundation

Note: shaded components designate
air control layer




Ceiling gypsum board caulked
to top plate

——— Membrane strip

——— Membrane strip

——— Membrane strip

—— Membrane strip

Membrane strip over primed
concrete seals exterior rigid
insulation to foundation

Note: shaded components designate
air control layer




Subarctic/Arctic
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Timber frame

Three-coat hard-coat
stucco rendering

Two layers of building
paper (concealed barrier) :

Cavity insulation

/ Interior gypsum lii

Interior

Exterior

Engineered wood
sheathing (0SB)

Flashing

[Feccc-----foccccocoooooo-==

>

- RVAVAWVAARY




Building Science Corporation
Joseph Lstiburek 106



Building Science Corporation

Joseph Lstiburek 107



Joseph Lstiburek 108

AV

<8

LN / .\ ) . 7'\ d J \./W\J \J

Y NN _
/\J/ /\/\/\/\ )
4 J \ \/\/\/\ N7\ J N4
/v ) \ \/ 5.0, AN /
NN N YOO A
) .,/\, / \/\/‘.\/‘\ /_\/3,/ A
. ]l ) V/V/\\/‘...;/\;/\‘/.\x/.\\,/v .,
YOI YD DD
., S Y V/\/ /\/\/.\/_\ /,:\ /,\//\,/. ,,.
X I KA AAXO
, \ N2 )
NN YN DN N NA

L2 VEVANAN /vg_x A

\

: ANANAAANI
IR RANY Y YD Y A
. NI D) .,v ) ) V/V/V/\/\/\/\ VAN .,/V/.\,
YR / N /N / /\ \/\//\/‘\,/\,/@./.x.,/ J ﬁ/ X
N AN Y YA S
OOOCNANY YV YA Xr/AW
N YN ) \N \\,\f/\/_\\/\/\. v ,:W y
YA RANATA A A K

Building Science Corporation




% =
ZREER

ey

)
1110

1473
RNy
““““““““‘ll‘““m

i)
ﬁ;“‘
PRY
l“l‘n
FRIEIE
1))

£
[

]

5 &

=:§= g;fffg g
EEEERE,
REEnE

VEVEYENENY

DAV I3 Y154 47 1000 it

= ﬁﬁﬁi;‘i—::;ﬁ:ﬁ“‘“i;s«.
R ST T - =
= ==‘ﬁ":d=':ﬂ‘.f-"-dddd: R,

=50 = = Jﬂ"“" :

11
‘l““
IR

““ i34
13

) |

GErEeche
& ?%

SEIRINIESRIAIE
“‘I‘I‘ltim‘“

“‘““““l“ Al“-l‘ﬂ

JRINIEINIEINIE
““l“‘“
“ﬂ“ﬂ““ﬂl f13103]

111
1)

1))
111
‘|‘ll‘

1) |
(71

) |

JuIR

i

SRIRY
1)1
1) AL

SESNIEIASK

ol
1]
I

1)}

1) |

) |
(31 q0) 11l
PRBNIE
s

SENENE
SEDEBY
BEDEIN
)

PEBEE

)]

1)1 n“
] ]

i
(710}

J )
i 717

)
il

Building Science Corporation

Joseph Lstiburek



Building Science Corporation

Joseph Lstiburek 110



Building Science Corporation

Joseph Lstiburek 111



T GRS i M _,
P ——— -

R O

___;!lma':g'm 5

"ﬁl& <1
NG i l

a0 -
'l!_.'nlu&

Building Science Corporation
Joseph Lstiburek 112



Building Science Corporation
Joseph Lstiburek 113



Building Science Corporation
Joseph Lstiburek 114



Building Science Corporation

Joseph Lstiburek

115



Building Science Corporation

Joseph Lstiburek

116



Building Science Corporation
Joseph Lstiburek 117



Building Science Corporation
Joseph Lstiburek 118



‘on o & v

T B
LS F i

. o

Building Science Corporation
Joseph Lstiburek 119



120



e

i ;
‘. .g_.. ; ¥
it T o Ko,y l.r\ ..Q\ﬁ m

vbu\huo\ k.t.&

' :;i A Eft{{

121



122






Building Science Corporation

Joseph Lstiburek 124



Building Science Corporation
Joseph Lstiburek 125



Multi-wythe Outer wall Inner wall Veneer
mass wall \

|
I

Frame wall
(steel stud or
wood stud)

L]

Cavity insulation

Sheathing
(gypsum board,
plywood or OSB)

Water control
layer
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Cladding

Building paper =}|
Fiberboard r
Fiberglass batt [) =

2x4 wall framing

Kraft facing >
Gypsum board -]I % %
Interior latex paint _‘ P

Flow-Through
Assembly
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Cladding

Furring

o ———
' v

Building paper

OSB sheathing 7 e
Fiberglass batt/cellulose Q >
2x6 wall framing [
Gypsum board
Interior latex paint h
(>
Flow-Through
Assembly
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Cladding

Furring

Stone wool/mineral fiber rigid insulation l

Building paper

OSB sheathing

Fiberglass batt/cellulose l

2x6 wall framing =

Gypsum board

Interior latex paint h g

=

Flow-Through
Assembly
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Cladding -/

Building paper

Fiberboard : r-

Fiberglass batt/cellulose Jﬁ

2x4 wall framing

Polyethylene vapor barrier

Interior latex paint

|
Gypsum board 7§

<

Drying to
Exterior
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Cladding

Furring

Building paper [ -

OSB sheathing ] of

Fiberglass batt/cellulose L]

2x6 wall framing [

Polyethylene vapor barrier ]

Gypsum board th

Interior latex paint UI >
a

Drying to

Exterior
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Cladding

|
|

Stone wool/mineral fiber rigid insulation

Building paper

OSB sheathing l r
Fiberglass batt/cellulose I
2x6 wall framing i >

Polyethylene vapor barrier

Gypsum board

=
=

Interior latex paint b >
Drying to
Exterior
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Cladding >

Furring
L

Building paper mlll

OSB sheathing L & ':\,"T

Spray polyurethane foam (SPF)
(2 Ib/ft® density) in wall cavity applied
to interior side of exterior OSB sheathing

Fiberglass batt/cellulose =

2x6 wall framing //

Gypsum board

Interior latex paint H »

e

Drying to
Interior
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Cladding >

Furring (partially embedded in SPF)

Spray polyurethane foam (SPF) [
(2 Ib/ft® density) -

OSB sheathing I
Fiberglass batt/cellulose [
2x6 wall framing 3

Gypsum board

Interior latex paint

—e——
Tk M e T
A 4

=

Drying to
Interior
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Brick veneer/stone veneer ——»| 7]
- . /

Drained and vented cavity ~ %

Thermal control layer - exterior rigid - ~7 B 41

insulation - extruded polystyrene, L4 LA

expanded polystyrene, isocyanurate,

rock wool, fiberglass
d

Membrane or trowel-on or spray - 7 = .71

applied or liquid applied water

control layer, air control layer d

and vapor control layer

Concrete block - /' { al
% %

Metal channel or wood furring 2

Gypsum board 57

. . 7 a

Latex paint or vapor semi-

permeable textured wall fiinish d d
¥

Figure 1a ‘ »

Vapor Profile
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Brick veneer/stone veneer

\ 4

Drained and vented cavity

Thermal control layer - exterior rigid s
insulation - extruded polystyrene,
expanded polystyrene, isocyanurate,
rock wool, fiberglass

Membrane or trowel-on or spray /
applied or liquid applied water
control layer, air control layer
and vapor control layer

Non paper-faced exterior gypsum / 8
sheathing, plywood or oriented strand /
board (OSB) /

v

Uninsulated steel stud cavity

Gypsum board 7

Latex paint or vapor semi-
permeable textured wall fiinish

Figure 1b ‘ »

Vapor Profile
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Brick veneer/stone veneer

\ 4

Drained and vented cavity /

Thermal control layer - exterior rigid
insulation - extruded polystyrene,
expanded polystyrene, isocyanurate,
rock wool, fiberglass

Membrane or trowel-on or spray A ~
applied or liquid applied water
control layer, air control layer
and vapor control layer

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

e [

Insulated wood stud cavity L

N

Gypsum board

NN

N

Latex paint or vapor semi-
permeable textured wall fiinish

Figure 1c ‘ »

Vapor Profile
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Brick veneer/stone veneer ——»| L
. : v
Drained and vented cavity ~ 24
Thermal control layer - exterior rigid = 7 x IV &
insulation - rock wool or fiberglass |1
¥
Membrane or ftrowel-_on or spray - 7 % A
applied or liquid applied water
control layer and air control layer 9 L/
Concrete block - = 7
Z 1
Metal channel or wood furring j
Gypsum board =
. . / d
Latex paint or vapor semi-
permeable textured wall fiinish o
A 7

Figursa Lo

Vapor Profile
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Brick veneer/stone veneer

\ 4

Drained and vented cavity

Thermal control layer - exterior rigid s
insulation - rock wool or fiberglass

Membrane or trowel-on or spray =
applied or liquid applied water
control layer and air control layer

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

v

Uninsulated steel stud cavity i

Gypsum board 7

Latex paint or vapor semi-
permeable textured wall fiinish

Figure 2b S —

Vapor Profile
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N

Brick veneer/stone veneer

\ 4

Drained and vented cavity

Redlnlny

Thermal control layer - exterior rigid *
insulation - rock wool or fiberglass

Membrane or trowel-on or spray / 7 »
applied or liquid applied water

control layer and air control layer /

Non paper-faced exterior gypsum Z - e

sheathing, plywood or oriented strand

board (OSB) /
Insulated wood stud cavity Z //
Gypsum board z 7
Latex paint or vapor semi- z 7

permeable textured wall fiinish

Figure 2c T

Vapor Profile
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Brick veneer =./

Drained cavity L ya

Water control layer, air control layer,
vapor control layer and thermal control
layer: insulated metal panel

\ J

Uninsulated steel stud cavity 4

Gypsum board il

Latex paint or vapor semi-
permeable textured wall fiinish

- -

Vapor Profile
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Brick veneer/stone veneer

\4

Drained and vented cavity L ,/
Water control layer, air control layer - 7T

and thermal control layer - exterior rigid
insulation - extruded polystyrene,
isocyanurate

Insulated wood stud cavity - >

Vapor control layer and air control
layer - polyethylene

Gypsum board Z

Latex paint /L ya

- -

Vapor Profile
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Brick veneer/stone veneer ——» b L
|
Drained it -
rained cavity 7 r %
Exterior rigid insulation — extruded - i t IV o
polystyrene, expanded polystyrene, 4] 7
isocyanurate, rock wool, fiberglass =SS
y g9 CT
e %
Membrane or trowel-on or spray - o P4 B
: . A
applied vapor barrier (Class | vapor
retarder), air barrier and drainage 4 =i
plane (impermeable) 7
Concrete block = / { dl
A iz
Metal channel or wood furring va
Gypsum board =
. . Vi o ]
Latex paint or vapor semi-
permeable textured wall fiinish o o
/ A %
< 2

Vapor Profile
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Brick veneer/stone veneer [ L 7
Drained cavit -
y // P %
Membrane or trowel-on or spray 7 < a
applied vapor barrier (Class | vapor P %
retarder), air barrier and drainage [ E— -
plane (impermeable) z 2
v 4
Concrete block ; 2
Insulated steel or wood stud cavity L /
Cavity insulation (unfaced fiberglass e
batts, spray-applied cellulose or /
spray-applied low density foam) / L r<
4] L7
Gypsum board ~
, , 7 v v
Latex paint or vapor semi- P
permeable textured wall fiinish d o
% 4

- .

Vapor Profile
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|
Latex paint > L

|

|
Stucco rendering 4 1

|

I d
Concrete block -

14 d

|
Rigid insulation (vapor semi- : i %l
permeable) — unfaced extruded |
polystyrene, unfaced expanded \d P
polystyrene, fiber-faced isocyanurate |

I/ d

|
Metal channel or wood furring :, Ly

:/ %
Gypsum board 1A A

|

|

|
Latex paint or vapor semi- ] P
permeable textured wall fiinish 1 g

|

d %

- =

Vapor Profile
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|
Latex paint >l L

|

|
Stucco rendering % |/

|

1 1
Concrete block -

4 %
Rigid insulation (vapor semi- : Z 4
permeable) — unfaced extruded 1% |
polystyrene, unfaced expanded |
polystyrene, fiber-faced isocyanurate e A

|
Insulated steel or wood stud cavity 5/ |

|
Cavity insulation (unfaced fiberglass : -
batts, spray-applied cellulose or 1% L7
spray-applied low density foam) |

1 Y4
Gypsum board :

: , | =

Latex paint or vapor semi- = >
permeable textured wall fiinish I o %

|

7 <

- _—

Vapor Profile
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Brick veneer/stone veneer

\ 4

Drained cavity

Exterior rigid insulation — extruded 7 / B
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray >
applied vapor barrier (Class | vapor
retarder), air barrier and drainage
plane (impermeable)

™

Non paper-faced exterior gypsum Vi 8
sheathing, plywood or oriented strand
board (OSB)

] [ [

Uninsulated steel stud cavity /

\

Gypsum board

\\

Latex paint or vapor semi-
permeable textured wall fiinish

- =

Vapor Profile
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Brick veneer/stone veneer

Ventilated and drained cavity L ,/

Drainage plane (vapor permeable —
building paper, house wrap)

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

Insulated steel or wood stud cavity L —~

Cavity insulation (unfaced fiberglass
batts, spray-applied cellulose or
spray-applied low density foam)

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish %

N
P —— —— | —

- =

Vapor Profile
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Brick veneer/stone veneer

A4

Ventilated and drained cavity 7

Drainage plane (glass fiber-faced - ~
exterior gypsum sheathing with
mesh tape and mastic at joints —
vapor permeable)

Insulated steel or wood stud cavity

\/

Cauvity insulation (unfaced fiberglass L
batts, spray-applied cellulose or
spray-applied low density foam)

\\

—_— P —p P —

Gypsum board

Latex paint or vapor semi- >
permeable textured wall fiinish %

= _p

Vapor Profile
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Brick veneer/stone veneer

A4

Drained cavity

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

Membrane or trowel-on or spray 7 - >
applied vapor barrier (Class | vapor
retarder), air barrier and drainage
plane (impermeable)

Non paper-faced exterior gypsum - 7 B
sheathing, plywood or oriented strand
board (OSB)

Insulated steel or wood stud cavity

Cavity insulation (unfaced fiberglass
batts, spray-applied cellulose or
spray-applied low density foam)

Gypsum board 2 7
Latex paint or vapor semi- L 7
permeable textured wall fiinish /

- -

Vapor Profile

Building Science Corporation
Joseph Lstiburek 150



Brick veneer/stone veneer >
Ventilated and drained cavity Z /
Drainage plane (vapor permeable = 7

building paper, house wrap)

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

Insulated steel or wood stud cavity

\/

—> — > —— — — > —>

Cavity insulation (fiberglass batts, = 7

spray-applied cellulose or spray-applied /

low density foam)

Kraft facing on a fiberglass batt or a z ~

"smart vapor barrier membrane"

Gypsum board 7 1

Latex paint or vapor semi- - :-
I

—

permeable textured wall fiinish

- >

Vapor Profile
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Brick veneer/stone veneer

A4

Ventilated and drained cavity

]
el

Drainage plane (vapor permeable =
building paper, house wrap)

N

sheathing, plywood or oriented strand
board (OSB)

\/

Insulated steel or wood stud cavity

Cavity insulation (unfaced fiberglass = /
batts, spray-applied cellulose or /
spray-applied low density foam)

Polyethylene vapor barrier (Class | Z 7
vapor retarder)

Gypsum board 7

Latex paint or vapor semi- =
permeable textured wall fiinish

Non paper-faced exterior gypsum L 7 f'

—
- >

Vapor Profile
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Latex paint >

Stucco rendering

Building paper bond break

Drainage space between bond break and =
drainage plane

Building paper or house wrap drainage plane >
Non paper-faced exterior gypsum =

sheathing, plywood or oriented strand
board (OSB)

Insulated steel or wood stud cavity

Cauvity insulation (unfaced fiberglass
batts, spray-applied cellulose or
spray-applied low density foam)

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

e e

—
- -

Vapor Profile
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\ 4

Latex paint

|
Stucco rendering »l

Building paper bond break

Drainage space between bond break and
drainage plane
Building paper or house wrap drainage plane

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

Insulated steel or wood stud cavity

Cavity insulation (fiberglass batts,
spray-applied cellulose or spray-applied
low density foam)

Kraft facing on a fiberglass batt or a
"smart vapor barrier membrane"

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

Vapor Profile
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|
Polymer-based (PB) stucco rendering —Jw

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

Drainage space between exterior rigid
insulation and drainage plane

Building paper or house wrap drainage plane

|
|

|

|

|

|

[

|

|

|

I

|

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

|

I

|

|

|

|

|

|

|

Insulated steel or wood stud cavity

Cavity insulation (unfaced fiberglass
batts, spray-applied cellulose or
spray-applied low density foam)

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

—
- -

Vapor Profile
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Latex paint

\4

Precast concrete

R 2N

Insulated steel or wood stud cavity

Cavity insulation (unfaced fiberglass
batts, spray-applied cellulose or
spray-applied low density foam)

Gypsum board

permeable textured wall fiinish

Latex paint or vapor semi- —— %h

< -

Vapor Profile
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Latex paint

\ 4

Precast concrete

v

Rigid insulation (vapor semi- — »
permeable) — unfaced extruded )
polystyrene, unfaced expanded

polystyrene, fiber-faced isocyanurate

Metal channel or wood furring : —t>
Gypsum board 2w T
Latex paint or vapor semi- - T

permeable textured wall fiinish

€ =

Vapor Profile
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Latex paint >

v .

Precast concrete

Spray-applied low density or high density — i —»
foam insulation | | e

Uninsulated steel or wood stud cavity = ’»

Gypsum board - - : o

permeable textured wall fiinish

Latex paint or vapor semi- S ) il

€ =

Vapor Profile
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Brick veneer/stone veneer B

Drained cavity A /
Exterior rigid insulation — extruded -
polystyrene, expanded polystyrene,

isocyanurate

Spray foam insulation -

Gypsum board

Latex paint or vapor semi- 7 7
permeable textured wall fiinish
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Brick veneer/stone veneer B

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, 7 7
plywood or OSB

Spray foam insulation : =

Gypsum board

Latex paint or vapor semi- 7 7
permeable textured wall fiinish
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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
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Stucco B ‘;_”;\’/ d
P a
% 5

Expanded polystyrene insulation (EPS) >

Concrete masonry unit wall

ANDN
N

- - - - = - r ]
v ’ S 2 AL ) v S N N

Metal channel _ o
L/ 2

Gypsum board interior lining ;

Latex paint | ) :::/ ol
I 7
R %
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Stucco g
Expanded polystyrene insulation (EPS) >
Air gap '
Water control layer "’

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

Insulated wood stud cavity

High density spray polyurethane foam (SPF)

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish
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Stucco » |

Expanded polystyrene insulation (EPS)

Air gap
Water control layer 2
Non paper-faced exterior gypsum ;‘u»

sheathing, plywood or oriented strand
board (OSB)

Uninsulated steel stud cavity

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

R, i i ] i . T i S}
T T e T L T T T P T T T T T 7T 7 7
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Stucco » |

Expanded polystyrene insulation (EPS)

Air gap

Water 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 fiinish

_____..____________.‘__________________,____________________
T T e T Tra T Tra T rr T T T 1 T TR 7
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Brick veneer cladding > - / L
Drained and vented cavity A . :\‘;/ LA
/ Z I':i \:/’:/ /
Spray-applied closed-cell high- L A . »
density foam (2 Ib/ft®) water control S .
layer (also air control layer, vapor
control layer and thermal control ] .1
layer)
U d
Concrete masonry unit wall = P4 e
Metal channel 7 d /»
LA L7
.2
Gypsum board interior lining / ~ e B
Latex paint / i ol /l>
< 7]
/ ] 2]
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Stone veneer > 1 i
2
Drained cavit
d % A
Exterior rigid insulation + |V 4
< A4
L1 |
d 5
Membrane air barrier, vapor % |7
barrier (Class | vapor retarder)
and drainage plane i A
D ]
Concrete block { d
4 A
Metal channel or wood furring v /i[
Gypsum board -
_ _ 4 A
Latex paint or vapor semi- >
permeable textured wall fiinish d A
7 7
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Vinyl siding

Drainage plane (vapor permeable
building paper, house wrap)

Plywood sheathing

Insulated wood stud cavity

Cavity insulation

Gypsum board air barrier

Latex paint or vapor semi-
permeable textured wall fiinish

— 55— 55§

=

Building Science Corporation
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T
N
A

Latex paint
|
[
Stucco rendering ®| LA
[
| A4
C te block e
oncrete bloc > 7
|
Rigid insulation (vapor semi- : BZ /nr
permeable) — unfaced extruded |
polystyrene, unfaced expanded 4 va
polystyrene, glass fiber-faced 1% 4
isocyanurate |
I ﬁ
Uninsulated steel frame wall : < <]
:/ 4
Non-paper faced gypsum board HA < L
|
|
[
Latex paint or vapor semi- ] P
permeable textured wall fiinish 1L A
[
e 7

—

]

Vapor Profile
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\ 4

Fibercement siding

1x4 furring

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

Drainage space between exterior rigid
insulation and drainage plane

Building paper or house wrap drainage plane >

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

Uninsulated wood stud cavity

\ 4

Non-paper faced gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

|
|
|
= -

Vapor Profile
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Latex paint

\ 4

Precast concrete — " 9T

Rigid insulation (vapor semi- ¥
permeable) — unfaced extruded :
polystyrene, unfaced expanded [ =
polystyrene, fiber-faced isocyanurate e s

Uninsulated steel frame wall — )

Non-paper faced gypsum board

Latex paint or vapor semi- — >
permeable textured wall fiinish

-

Vapor Profile

)
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Latex paint >

Precast concrete ‘ >

Spray-applied low density or high density _ :
foam insulation i 1

Uninsulated steel frame wall — :}»

Non-paper faced gypsum board — - »

permeable textured wall fiinish =

Latex paint or vapor semi- : — ) »

- -

Vapor Profile
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Vinyl siding

Ventilated and drained cavity >
Drainage plane (vapor permeable

building paper, house wrap)

OSB sheathing :

Insulated wood stud cavity

Cauvity insulation

Polyethylene air barrrier and vapor
barrier (Class | vapor retarder)

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

—s—5—%
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Fiber cement siding (non-
combustible)

3/,” metal “hat-channel”
(non-combustible)

Rockwool insulation (non-
combustible)

Fully-adhered membrane

— Gypsum board

Cavity insulation

Paperless gypsum
board sheathing
(non-combustible)
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Wood or fiber cement siding

Furring or spacer strip

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

Plywood or OSB sheathing

EcoTouch® Pink® Fiberglass Insulation
in cavity

Gypsum board

Latex paint

|

>

Flow-Through

Assembly
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Wood or fiber cement siding

Furring or spacer strip

Exterior rigid insulation (Foamular®
Extruded Polystyrene (XPS))

EcoTouch® Pink® Fiberglass Insulation
in cavity

PV

|

|

Gypsum board

Latex paint

{;
&

Control of Condensing
Surface Temperature
Assembly

& WA

Building Science Corporation
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eer Masonry
/ wall

Ven
g

7
> ..V o
| > ) 'V .
i 7
Water control
> Y layer
I
Air cavity
(drained)

»

Veneer

v

Masonry

wall

NNNNNNNSN|

v

Water control
layer

Drainage mat

Veneer Masonry
/ wall

] v
1
il
1
: > V.
1
| :
: v
1
1
1
: > V.
1
’ :
: v
1
i Water control
k E layer
1
’ :
|/ : v
1
1
! v
%: ] | |
1
1
Draining
insulation
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Veneer

A

Frame wall
(steel stud or
wood stud)

Cavity insulation

Sheathing
(gypsum board,
plywood or OSB)

Water control
layer

Drainage mat

Frame wall
(steel stud or
wood stud)

Cavity insulation

Sheathing
(gypsum board,
plywood or OSB)

Water control
layer

Draining
insulation

Veneer

A

&

Frame wall
(steel stud or
wood stud)

Cavity insulation

Sheathing
(gypsum board,
plywood or OSB)

Water control
layer

Draining
insulation

Air cavity (vented)
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Single top plate
2x6 stud wall @ 24" o.c.
Taped and painted '/,”

gypsum wall board as
interior finish

Fiberglass or cellulose
insulation in stud space

XPS insulating exterior
sheathing; 1” to 4” typical

Tape joints in XPS
sheathing

Furring strips

Cladding

JESSEEIEE e

AN
ny ot

L
W1

(N

\

Spray foam
insulation at rim
joist
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Single top plate 'f2” plywood connecting interior and exterior walls

2x4 structural stud wall

at 24” o.c. 2x3 frame wall

Latex paint on /2" gypsum

1 ” =
board /2" fiberboard,

plywood, OSB
or gypsum
sheathing

Building paper,
housewrap or
3'/,” cellulose insulation building wrap

F Furring strips

/" plywood or OSB
with joints taped

4'/,” space between
sheathing and offset
framing &

Cladding

Cellulose
insulation at
rim joist

Cellulose cavity insulation
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Single top plate

Taped and painted
'1;” gypsum board on
inside face of stud

2x6 stud wall@ 24" o.c.

5” high density spray
foam (SPF) (2.0 pcf)
against exterior sheating

OSB or plywood
sheathing

Housewrap

Furring strips

Cladding

Spray foam rim
joist insulation
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Single top plate

Taped and painted '/,
gypsum board on inside
face of stud

2x6 @ 24” o.c. advanced
framing

Remaining cavity filled with
3'/;” fiberglass or cellulose
insulation

2" high density spray foam
(SPF) (2.0 pcf) against
exterior sheathing

OSB or plywood exterior
sheathing

Housewrap

Furring strips

Cladding

Spray foam
insulation at rim
joist
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2x3 interior wall

Taped and painted s
/" gypsum wall
board as interior finish [\~ |

Cellulose insulation
in 2x3 interior wall
stud spaces

Plywood cavity closure at top of assembly

Single top plate

2x4 exterior wall @
16" o.c.

3'/,” high density spray

AREYS e B B foam (SPF)(2.0 pcf)
IS s against exterior sheathing
Plywood or OSB
sheathing
Cellulose insulation
in gap between framing Housewrap

Furring strips

Cladding

R AT e L e L S,
Fm o m = ———

6” high density spray
foam (SPF)(2.0 pcf) on
inside of rim joist
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Single top plate

Taped and painted
;" gypsum wall board
as interior finish

2x6 @ 24” o.c. interior
framing K

2x3 exterior framing
member

Substrate to support
spray foam

4'/,” high density spray
foam (SPF)(2.0 pcf)

Fiberglass or cellulose
insulation in interior
stud cavity

L o D

Cladding

Spray foam
insulation at rim
joist

Closure board

Minimum '/2” drainage and ventilation
gap between closure board and cladding
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Single top plate

Taped and painted
'1," gypsum wall board
as interior finish

2x6 interior framing
member @ 24” o.c.g\

Plywood cavity
closure at top of
assembly

2x3 exterior truss

Cellulose

. insulation in
Plywood/OSB sheathing; — NENBAO
joints taped/sealed wall cavity
Plywood/OSB
sheathing
Housewrap

Furring strips

Cladding

Cellulose
insulation at
rim joist

Capillary break —-

Ledger board
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Single top plate

Vapor control layer as
per IRC

Fiberglass or cellulose
insulation in stud space

Exterior sheathing
2x6 stud wall @ 24" o.c.

Liquid applied water control

layer
) i Drainage gap/channels/
Taped and painted /> grooves necessary between
gypsum wall board as drainage plane and EPS
interior finish . . .
3"-to-6" EPS insulation
Glass mesh reinforced
lamina and synthetic
stucco finish
-
i =
_--<qi- =
= == - 2 .
e
Insulation at = A
rim joist :
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Taped and painted '/,” OSB exterior
gypsum wall board as panel
interior finish

/ Housewrap

OSB interior panel

Furring strips

EPS insulation
core

Cladding

Spray foam rim
joist insulation
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Cast-in-place concrete
core

ICF inner and outer _— —
faces (typically EPS) \' ﬂ L o

/4
i

Taped and painted » % L
'/,” gypsum board ax \ s

interior finish

\/l\
Vh
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\

'
\
\
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Furring strips

\
\

£
\

i 5

Cladding
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Single top plate
2x6 stud wall @ 24" o.c.

Taped and painted /5"
gypsum wall board as
interior finish

Cellulose insulation in
wall cavity

OSB sheathing;
joints taped/sealed

Mineral fiber insulation
boards

1x4 wood furring strips

Wood or fiber cement
siding

Cellulose
insulation at
rim joist

Capillary break

EPS insulation
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Steel studs

Taped and painted
/2" gypsum wall
board as interior
finish

No cavity insulation

Gypsum board
sheathing; exterior
rated with joints
taped/sealed

Mineral fiber
insulation boards

Metal hat channel

Fiber cement
siding
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Timber frame

Plank infill




Interior plank lining

Timber frame

/ Daub

Waddle

S
—
_
—
g
—_—
—
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Timber frame

Interior wood lath
and plaster

Exterior sheathing

Rosen paper

Wood clapboard
siding
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Double top plate

Taped and painted '/>”
gypsum wall board as
interior finish

2x4 @ 16” o.c.

Fiberglass batt insulation
in stud space

Plywood sheathing

Building paper

Wood clapboard
siding
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Single top plate

2x6 @24 o.c.

Taped and painted '/>”
gypsum wall board as
interior finish

Blown cellulose insulation
in stud space

Insulating sheathing

-/ Furring strips

/—Cement siding
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1x4 wood furring attached through
rigid insulation to 2x4 wood furring

2x4 wood furring mechanically
attached to masonry wall

Fluid-applied water control
layer and air control layer N\

Cladding

Joints offset horizontally
and vertically with each
layer taped

/ Masonry wall

o 00 O OO O O O O O O
»*
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O
¥ Interior plaster and lath
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2” semi-rigid mineral fiber insulation;
seams offset horizontally and vertically

2x4 wood furring mechanically
attached to masonry wall

Fluid-applied water control
layer and air control layer

Fiber cement panel

“Reveal” in panel joint

Spacer/joint backer

11/,” semi-rigid mineral

—_

fiber insulation

A

-_
wa

Metal hat g / Masonry wall
channel * 4 I
O o 00 C I A ) OO O LG )
>
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¥ Interior plaster and lath
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Interior lining
(gypsum board)
Interior framing

Spray-applied polyurethane foam
(2 Ib/it® density)

e

Multi-wythe mass




Multi-wythe mass
wall

Interior lining
(gypsum board)

:
\
&
\

Interior framing

Rock wool or Roxul rigid
minineral wool insulation

Fluid-applied water control layer
(vapor semi-permeable)

Cementitous rendering

Building Science Corporation
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/

AR

Multi-wythe mass
wall

Interior lining
(gypsum board)

Cellulose or fiberglass
cavity insulation

Wood frame wall
(2x6)

Fluid-applied water control layer
(vapor semi-permeable)



-
|
N f
g
8
-

Fluid-applied water control layer
(vapor semi-permeable)

Cementitous rendering



\\ Brick veneer/stone veneer —— | A L
\\
\ \ Drained cavity L
. // % L
LS Exterior rigid insulation — extruded =t < a
\\ N polystyrene, expanded polystyrene, L 1
N isocyanurate, rock wool, fiberglass /
\
S Y%
N Membrane or trowel-on or spray —
RAIN \\ applied drainage plane, air barrier Z i dl
M and vapor retarder L L
N\
\\
\
\\\ ‘ Concrete block . /' { dl
\ 2 7 L b
X Metal channel or wood furring va
: L, . Gypsum board =
3 A P
RAIN Sr‘w ' Latex paint or vapor semi- L
SCREEN- | - permeable textured wall fiinish d o
_qu % 1
WATER THAT PENETRATES
IS DIVERTED OUTWARD ‘ »
BY FLASHINGS

Vapor Profile
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