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The Perfect Wall




Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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< Slab

< Control layers
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< Earth
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The Perfect Building
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Roof

Wall

Slab
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Parapet

Roof

1|

Wall

Slab
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Parapet

|

Wall

Footing

Roof

Slab
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Parapet

Roof

Window Wall

Footing Slab
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<—— (Control layer

<—— Control layer
<— Roof structure
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! Parapet [_
i Roof
= Wall
Footing Slab
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Configurations of the Perfect Wall
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Brick veneer/stone veneer —J &

Drained cavity

N
I

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

AEANEAN
Ne NN

]

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

'
SAN
L

and vapor retarder
2
Concrete block { i
% %
Metal channel or wood furring e

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

NN PN
R
¥

Vapor Profile
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Brick veneer/stone veneer

Drained cavity

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

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

Non paper-faced exterior gypsum W b
sheathing, plywood or oriented strand e
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

Drained cavity

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

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

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 / /

- | -

Vapor Profile
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Cladding

Furring

Rigid Insulation

Air Control Layer (air barrier)

Sheathing

AR

Air permeable insulation
(fiberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass)

Y
AN

A

AN

Y

Gypsum board

0
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Cladding

\d

Furring

Water Control Layer

Sheathing

Air impermeable insulation
("closed cell” spray polyurethane foam)

\4

Air permeable insulation
(fiberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass,

stone wool / mineral wool batts)

Gypsum board

Building Science Corporation

Joseph Lstiburek 29



~—— Gypsum board

Air permeable cavity
insulation

Plywood/OSB sheathing

Air barrier membrane

Rigid insulation

Cladding
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Shingles

Roofing paper

Roof Sheathing

Rigid Insulation

Roof Sheathing

Air barrier membrane //

Rafter/Truss
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Shingles

Roofing paper

Roof Sheathing

Air impermeable insulation
(aka spray polyurethane foam) /
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Shingles

Roofing paper

Roof Sheathing

Rigid Insulation

Air control layer (air barrier)

Roof Sheathing

Air permeable insulation

(hberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass)
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Shingles

Roofing paper

Roof Sheathing

Air impermeable insulation
(aka spray polyurethane foam)

Air permeable insulation

(Aberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass)
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Shingles ~

Roofing paper ~ S
Roof Sheathin ~

Airimpermeable insulation
("closed cell" spray polyurethanefom 2 ol

Air permeable insulation
("open cell” spray polyurethane foam)
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OSB sheathing

Scupper f

Two layers OSB

Metal cap

18" wide membrane strip under
parapet folded down over exterior
OSB

Coping wedge
OSB

Rubber roofing
membrane \

High density spray
foam insulation

Polymer modified (PM) or —»
traditional cement stucco

Metal lath

Building paper bond break

over drainage plane

¥

ypsum board with semi-
permeable (latex) paint

e ————————————— S —— [ ——————————————

—— Cavity insulation

Sealant, adhesive or gasket at
top plate

Caulking or sealant

Cavity insulation
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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 T
~—
Building wrap

“‘wrapped” into
opening
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—— oo :
Continuous exterior insulation : — Cavity insulation

=
Cladding :.Pi Gypsum board

— .
Rodent protection for ,.2‘»." Sealant, adhesive or
continuous rigid insulation ».,_ gasket

A—, A

- Sill gasket

..'; Masticed membrane

- strip

& — Polyethylene

- r Concrete slab
4z Forinsect protection provide R K A
“da,  3-0"of muich and then A IO

B
Vg :

drought-resistant plants

K

.....
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Continuous exterior insulation

AV

AL

Cladding

o

i

Rodent protection fo
continuous rigid insulation

W

.

N

Y

\

'i!

!

Qf'v
e

i

E,

For insect protection provide L
3-0" of muich and then
drought-resistant plants

Cavity insulation

Gypsum board

Sealant, adhesive or
gasket

Sill gasket

Masticed membrane
strip

[- Concrete slab
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—— oo :
Continuous exterior insulation : — Cavity insulation

=
Cladding :.Pi Gypsum board

— .
Rodent protection for ,.2‘»." Sealant, adhesive or
continuous rigid insulation ».,_ gasket

A—, A

- Sill gasket

..'; Masticed membrane

- strip

& — Polyethylene

- r Concrete slab
4z Forinsect protection provide R K A
“da,  3-0"of muich and then A IO

B
Vg :

drought-resistant plants

K

.....
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I

Cavity insulation

Continuous exterior insulation
Gypsum board

Sealant, adhesive or

gasket
Sill gasket

AL LN L)

Cladding

S

I

Rodent protection fo
continuous rigid insulation

— Masticed membrane
7 Polyethylene
' ‘ ’T— Concrete slab

. For insect protection provide ! \ P T
% 3-0" of muich and then s, s

kT
* |4, drought-resistant plants

.
¥

Lae
AR T e T
B
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| 4]
Continuous exterior insulation » ‘_4 Cavity insulation

| I—
Cladding Il =X Gypsum board
Rodent protection for =) Flas:hg\? sel;:)n mastic
continuous rigid insulation ) SOaen \0-9

‘4; Sealant, adhesive or
' ‘4 gasket

Cellular PVC protection board .: "‘ Sill gasket

For insect protection provide \{
s, 3-0"of mulch and then
). drought-resistant plants

o)
, ;-h
- v'{A, T
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W

Continuous exterior insulation

:

Cavily insulation

!

Cladding Ry Gypsum board
Rodent protection for .”‘ Flashing set in mastic
continuous rigid insulation "‘ sealed to slab
'4 Sealant, adhesive or
. ’»4 { gasket
Cellular PVC protection board >’ Z Sil gasket

|
‘D

For insect protection provide §

< 3-0"of mulch and then | ‘
»>

3’

X 72,
= drought-resistant plants

A

————————
N

Y
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CF Sl

:"

I E—

Building wrap . .".

Sealant, adhesive ' :\“,-:

or gasket (typ) "ﬂv- 4

e _“"‘

Capillary break i : : ]

Rodent protection for —, } &Q-_.
continuous rigid 'I v

insulation 1 .

For insect protection provide" | ‘

3'-0" of mulch and then
drought-resistant plants

g

é-'(.‘,h

-t

T&G subfloor —————

1'/7" rigid insulation \

Plate under load
bearing walls only

—

"
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T&G subfloor ———

AW

Building wrap

Sealant, adhesive (N 1'/5" rigid insulation \ \
or gasket (typ.) —__J| Plate under load N
ox4 .:—‘“ bearing walls only

Capillary break -., :

—

Rodent protection for ——

continuous rigid LS A S A S S e
insulation

For insect protection provide

3'-0" of mulch and then
drought-resistant plants

w. 4

4 s
e Z“'
) >

N g %

-

“ 4
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)

T&G subfloor

n

Building wrap

y

NG

W

Sealant, adhesive

q

1'/2" rigid insulation §~

or gasket (typ.) ~__J| Plate under load
PN ) 5
oxd i — N bearing walls only \
) " N
. ’- ]
Capillary break 4

For insect protection provide . L
3'-0" of mulch and then R SR
drought-resistant plants oot o
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o
L —
—1
e [_—| T&G subfloor

Building wrap ..}
1 1% rigid insulati

Sealant, adhesive 2..:.{ 2" rigid insulation !

or gasket (typ.) —_J| Plate under load \

ox4 Q‘& bearing walls only ~
..‘:i

Capillary break .;'.iL

For insect protection provide -
3'-0" of muich and then

-, drought-resistant plants
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Cladding
1x4 furring
Two (2) layers of 2" rigid insulation

VY

I

Water table
Insect screen
Sheet metal protective cover

Extruded polystyrene (XPS)

P\

. "
‘(

f

2
b
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AR R S R e S e e S LR .
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Cauvity insulation

Aluminum closure

piece
Concrete “watfle”
slab Fully-adhered
membrane
Stone wool —

Cladding
1x4 furring
Two (2) layers of 2" stone wool insulation

v

WAV

i

- Water table

\.é:;‘ Insect screen

—_— Sheet metal protective cover
Stone wool insulation

Drainage mat ("/s")
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e \V

55 i o
~Pe
+—Vent stack
- Polyethylene
vapor barrier

Sealant at all slab
penetrations

.........................................




Crawl Spaces
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Air handling

unit

I
7
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F
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'AALANRE'R)

VYYYYY§
(LL)X)X'

4 Leaky air handling unit
and supply ducts

L

Supply

A'k

Return

1

Supply

© © 0 O

Depressurized conditioned space
inducing infiltration

!
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Depressurized
:) condftioned spaos

R W B
it ] <

handing

Supply unt| Supply
Return
Leaky supply t f

ducts %
(52
»

al——
Craw| space

-
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Crawl Spaces Need to be Completely
“Inside” or Completely “Outside”
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I / Capillary break
4 /|~ Masonry <— Steel support
1 4 support pier column
Continuous P g
olyethylene
Sagor J % " Membrane sheet
diffusion waterproofing under
retarder/air steel column or
flow retarder | 4 masonry pier

All joints/seams
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Conditioned Crawlspaces Not Unvented
Crawlspaces

Need Supply Air
50 ¢fm/1000 ft2 of Crawlspace Area

Or
Dehumidification
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4x10 transfer
grille to first floor

conditioned
'-'Il space
17
¥
k.
- Interior wall

- Subfloor
E = '// Floor joist
e 0
¥

Duct open to
crawlspace

Building Science Corporation
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Alternative Detail

-
—
==
L__— /~ Unfaced cavity insulation,
e =T
-_— k. cellulose or low density
- spray-applied foam insulation
: —‘ — Gypsum board with (latex) paint
e ‘ ~Sealant, adhesive or gasket
557 [f——1  seatant at comer of bottom
' |/ plate and subfloor or gasket
* under bottom plate
(Bw-gm" oelldoseorlowdensltyspray
insulation) applied foam
Rigid insulation
acts as capillary break
Protective membrane Top courses filled solid

~Rigid insulation (fire rated)
(taped or sealed joints)
Masonry foundation wall
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Joseph Lstiburek 109



Vinyl or aluminum siding

Rigid insulation ——
(taped or sealed joints)

Cavity insulation

Plastic L-bracket for -
insect/rodent protection
of rigid insula

Sill gasket

Ground s S awa
from wall at 5%
(6in. per 10 1t.)

AR '
'

.71 «— Spray-applied foam

insulation

L
-— Thermal barrier

6 mil polyethylene ground
‘. cover as continous vapor

\barrier turned up at
foundation wall; secured
1o wall with adhesive

Building Science Corporation
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[Ouﬁmnuspolyemylene

vapor barrier/air barrier

(all joints taped)

Perforated drain

Palyethylene = pipe trench
mdw;'r l covered with
Miached course gravel
mennaiog (no fines)

soaled
Sealant at all
penetrations in
" Perforated drain pipe at perimeter air barrier
connected 1o vent stack



Wood siding [ " Unfaced cavity insulation,
(all surfaces painted) = cellulose or low-density spray-
. :i. applied foam insulation

Air space ._,.: +«——— Gypsum board with permeable
112" OSB sheathing — b= (fatex) paint

: e Sealant, adhesive or gasket
Furring : e Sealant at corner of bottom
Sealant, adhesive b plate and subfloor or gasket
or gasket == under bottom plate
Adhesive Sealant (typ.)

VWA

DA A A A A

AW NN L WL

Sealant, adhesive
or gasket

at top

Crawlispace vent
of foundation wall
Masonry foundation

wall

Ground sloppes away
from wall at 5%

Rigid insulation

- -

AW

Batt insulation

Rigid insulation (fire rated,
taped and sealed joints)
Capillary break

Sealant

Treated wood nailer

Building Science Corporation
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Cladding

Air gap Arylic latex paint
Wood based sheathing

(plywood or OSB) f Gypsum board
Water control

| Sealant

: spray polyurethane foam




Vinyl or
Unfaced batt insulation

aluminum
siding Gypsum board with semi-vapor permeable
Rigid insulation (i) poiat
j(gg;c)! or sealed Sealant, adhesive or gasket

Sealant at corner of bottom plate and subfloon
grea'g:"s,:" tadhoslve or gasket under bottom plate

i —
"""V‘Y‘Y‘Y‘Y‘V‘Y‘Y‘V‘
i

Adhesive

"7"""

& Rigid insulation
(taped or sealed joints)
Protection board _ -

Sealant

Caplllary break




Any type of flooring/floor finish

Floor sheathing (OSB or plywood)

\ Foil-faced

isocyanurate
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Any type of flooring/floor finish

Floor sheathing (OSB or plywood)
Airspace

\—Foil-faced Cavity

isocyanurate insulation

Building Science Corporation
Joseph Lstiburek 116



Building Science Corporation
Joseph Lstiburek 117



3 X .
-

'-.-.---.--.-----. ‘
e | LG

Building Science Corporation
Joseph Lstiburek 118



Building Science Corporation
Joseph Lstiburek 119



Building Science Corporation
Joseph Lstiburek 120



Building Science Corporation

Joseph Lstiburek



-

“\

—— .

= B[ . 1‘

J

Building Science Corporation
Joseph Lstiburek 122



Building Science Corporation

Joseph Lstiburek

123



vvoou bdasepodiu

i

Wood flooring

2N PN

Concrete
slab

il

/
\A
-y
| || —

Perimeter of slab
protected above
grade
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Capillary break under
framing (polyethylene
strip)

-~
-

Latex paint (vapor
permeable, but water
repellent) \

=

R
. s ._ . _A_ . .A\A ANIA
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Wood floor

Concrete
slab

Polyethylene vapor
barrier

Granular base
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Wood floor

Felt slip sheet

g
3
Q.

Two-ply felt set
in mastic

Granular base
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Wood floor

Topside fluid-applied
vapor barrier

Concrete
slab

Polyethylene vapor
barrier

Granular base
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Wood floor

Concrete
slab

Polyethylene vapor
barrier

Extruded polystyrene
(XPS) rigid insulation

Granular base
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Plain
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Hollow Back
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[

Scratch Back
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Hollow or Scratch Back
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Mechanical Systems

Building Science Corporation
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Mechanical Systems
Cooling System To Make It Cold
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Mechanical Systems
Cooling System To Make It Cold
Dehumidification System To Make It Dry
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm

Energy Recovery System To Keep It Cold
and Dry and Warm and Comfortable
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm

Energy Recovery System To Keep It Cold
and Dry and Warm and Comfortable

Distribution System To Make It Uniform
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Mechanical Systems

Cooling System To Make It Cold
Dehumidification System To Make It Dry
Heating System To Make It Warm

Energy Recovery System To Keep It Cold
and Dry and Warm and Comfortable

Distribution System To Make It Uniform
Range Hoods Are A Special Kind of Hell
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Don’t Try to Combine Them......

Building Science Corporation
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’ﬂl

System

——

Distribution System

Dehumidifier

Heating System

SEEEEE

p—_ani g

Energy Recovery
Ventilator

— 4

Dehumidification System makes it dry

Cooling System makes it cold

Heating System makes it warm

ERV keeps it cold and dry and warm and comfortable
Distribution System makes it uniform

|J_1\
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