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Life Is Tough Enough As It Is...
It's Harder When You Are Stupid...
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Life Is Tough Enough As It Is...
It's Harder When You Are Stupid...
Don’t Do Stupid Things...
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Hydrostatic
pressure

Hydrostatic
pressure

Building Science Corporation
Joseph Lstiburek 12



Building Science Corporation
Joseph Lstiburek 13



50
100
150
250
500

1,000

Pa

Pa =
Pa =

Pa =

Pa

Pa =

20
30
35
45
65
90

Pascals mph

mph
mph
mph
mph
mph
mph

mph

10 1§

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

100

200

300

400

500
Pa

600

700

800

900 1000

Building Science Corporation

Joseph Lstiburek 14



M HIAALFP008-L 118D

usRianzy

\SWIoH

(i
T HiHHHH
M
NI

=

|
L
)

SO

PR eaAgres

i

o 4 et et S
it e e o es
-l oL

=
AR

A

Building Science Corporation

Joseph Lstiburek

15



Building Science Corporation

Joseph Lstiburek — Rain Control 16



Building Science Corporation
Joseph Lstiburek — Rain Control 17



Plywood/OSB
sheathing

Water control
layer

3/g” spacer strip

Building Science Corporation

Joseph Lstiburek 18



c
iel
=

©

—

o

Q

—_

o
O

(o)

O

c
0

o
(%))

o
=
ey
=
m

Joseph Lstiburek 19




Building Science Corporation

Joseph Lstiburek 20



Rain Screen
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Beer Screen?
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Upturned leg

—— Base sloped
to exterior

O Drip edge
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ELECTRICAL SINGLE GANG
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Rain enters cup Q
due to momentum

("kinetic energy”) N \

9

P

o Cup drains water
to exterior
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Rain enters cup Q
due to momentum
("kinetic energy”)

Y Entire wind
Wind enters cup— pressure
pressurizing cup; » N - taken here
no rain entry due
to wind driven rain

o

O Cup can still drain

water to exterior

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

Pressure in cupis t)
same as pressure
outside on face
of baffle

Entire wind
Momentum driving force « pressure
converted to gravity— taken here

water drains away

Wind enters cup— —>
pressurizing cup; /
no rain entry due

to wind driven rain

A
OU

o Cup can still drain
O water to exterior
A
-
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Insulating
glass unit W,

Seal (gasket)

Hole providing
drainage and
pressurization

Seal (tape)

Setting block
(typically two
per unit)
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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

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

Entire wind
pressure
taken here

Pressure
chamber
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Pressure
moderated
chamber

Interior air seal

Beveled wood
siding

Adhesive -backed
sill flashing

Housewrap

Sheathing
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Intent of sealant is to Flashing tape
limit this lateral flow of
water between
sheathing and

building wrap

Sealant “bedding’
joint

|
|

Building wrap
“‘wrapped” into
opening
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Single top plate
2x6 stud wall @ 24" o.c.

Taped and painted /"
gypsum wall board as
interior finish

Cellulose insulation in
wall cavity

OSB sheathing with
water control layer
facing; 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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Brick veneer/stone veneer

\ 4

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 gypsum - 7 B

sheathing, plywood or oriented strand
board (OSB)

Insulated steel or wood stud cavity

AR

Gypsum board Z /'
Latex paint or vapor semi- Vi /
permeable textured wall fiinish /

- =)

Vapor Profile

Building Science Corporation
Joseph Lstiburek 76



Brick veneer/stone veneer

\4

Drained and vented cavity

Thermal control layer - exterior rigid
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
sheathing, plywood or oriented strand
board (OSB)

RNIRNIEN|

Insulated wood stud cavity

Gypsum board

NN

Latex paint or vapor semi-
permeable textured wall fiinish

Figure 2c

N

S —

Vapor Profile
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Outside Inside

T0°F

\ Dewpoint

(50% RH, 70°F)

[N

Location of
condensation
and frost

Exterior —>+[
sheathing

AR
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Sensible Heat ~ 14.2 Jig/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
exterior sheathing is
the condensing surface

of interest 80
70 i Dew point temp.
- y / at 50% R.H., 70°F
Wood-based siding - /
Building paper ™ / f
. . O;' 50 / / = /
Exterior sheathing = Mean monthly outdoor —— /
R-19 cavity insulation in wood = g 40 iemparEidre 5 7 o e e .
frame wall g Potential for
GE, 30 \ condensation A
- Dew point temp. r
20 at 35% R.H,, 7OQF (. ) - IMI - O . . .
Gypsum board with any paint or 10 Dew point temp. \
wall covering L" at 20% R.H., 70°F
0 | | |
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY

Month
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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

?
%

Temperature (°F)

80

70

60

50

40

30

20

10

0

//‘

/

/
/

Mean monthly outdoor 'z

temperature

[~ Insulation/sheathing interface |
temperature (R-7.5 sheathing,

R-13 cavity insulation as
shown in adjacent drawin

|\\9J

Potential for
condensation

N’

Dew point temp. =
at 35% R.H., 70°F

APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY

Month
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WUFI& 2.3 Pro. IBP
Run

Temperature [°C]
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Roof insulation

Insulation wind baffle
2” minimum space

Water protection
membrane

-

J

.......

Continuous ridge
ventilation

= Attic ventilation

—
7Y
-7
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A

Continuousj
soffit vent

Vinyl or
aluminum siding ———>

§

N/

T

¢

i il
.

A

A

Rigid insulation
(taped or sealed joints)

N

Unfaced cavity insulation,
cellulose or low-density
spray-applied foam

Gypsum board with vapor
semi-permeable (latex) paint

Consider increasing depth of
insulation by using deeper
trusses or oversized (longer)
trusses

Caulking or sealant

Gypsum board with permeable
(latex) paint
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Leaky air handling unit
and supply ducts

Air handling
. ¥ unit A

L 1 U

Supply Return Supply

e 8 @ B

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 handling
unit

[
1+

Supply Return Supply

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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Roof membrane

—— Fiberboard hygric buffer

Rigid insulation

Yy

TN TN N

Air barrier membrane ——

Gypsum sheathing

Fluted steel deck
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Shingles

Roofing paper

Minimum R-50 rigid insulation
in two or more layers with horizontal
and vertical joints staggered

Nail base for shingles (plywood or OSB)
screwed through rigid insulation
to wood decking or timber rafters

Air barrier membrane /

& Wood decking

Timber rafter or exposed joist
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Roof sheathing
Roofing paper

. . , Shingles
Minimum R-50 rigid insulation \
in two or more layers with horizontal >

and vertical joints staggered

Roof sheathing

Roofing membrane

Vented space

 —a Air barrier
)(¢" membrane
= Wood decking

Timber rafter or
exposed joist

Building Science Corporation
Joseph Lstiburek 92



[T S ] ) (ks T e T X M Rl O A )

E . A US ARMY CRREL
=] ®* S.¢ weryhod skh
06 — B 53 hdddn
- & 52 hadzkn <
=] O 51 maerakskh i
= M SZ molgranduekrs P $
] M S.1 roaded mellgrare ‘
05 ¥ 52 rduskd dephhbar * Equation [4]
2 W 5.1 dereordeph bos S
- # 33 mbed teme e
= ¢ 32 tage rourded >,
= ¢ 31 zm rourded 20 ok
= ¢ 20 reanlaow K n %
o~ 04 ~ ¥ 10 rewsrow o "‘ o
B E §°3:° * o
'E E . 3
é 03 —
= =] 2
x -
E H
02 o
R-1/in 3=
0.1 d 2
2 .‘{M =0138-1010 p+ 3233 p
. R% =079
00 | ! | sl ST | ! | ! |
0.0 02 20 pcf 04 0.6 08

Density(g em )

Building Science Corporation

Joseph Lstiburek 93



Building Science Corporation

Joseph Lstiburek 94




Low density spray foam insulation

Asphalt shingles

Roofing paper

Roof sheathing

Raised heel truss

Rigid foam, or comparable,
as backdam

Soffit
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Non-occupiable
space

Roof underlayment

sealed to drip edge ///
v’

\—Gypsum board with latex paint
(acts as thermal barrier separating
occupiable space from non-occupiable
space)

=
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Leaky air handling unit
and supply ducts

Air handling
unit A

b t 1 8

Supply Return Supply

©@ © ©

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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Leaky supply

— ]
Crawl space

W VA

Depressurized
condrioned spacs
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Current Approach
(BAD)

N
————
e
b
-
He >

E__l‘

Figure A

« leaky subfloor

* poor ground cover

- stack effect vents crawl space
through house

« contaminants in crawl space
migrate into house

Building Science Corporation

Better Approach
(GOOD)

Figure B

« excellent ground cover

+ conditioned craw! space
connected to house with transfer
grilles and supplied with air from
heating supply duct

(This is really a mini-basement and

is already allowed by many code

departments — i.e. Ft. Collins)

Even Better Approach
(GREAT)

Figure C

+ excellent ground cover

- conditioned craw| space via
transfer air from occupied space

- continuously operating exhaust
fan in crawl space vents house
through crawl space

(This is not considered by the code

but should be)
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Stucco

Building paper
(behind rigid insulation)

Rigid insulation

Adhesive

Unfaced batt insulation

Gypsum board with
permeable (latex) paint

Sealant, adhesive or gasket

Sealant at corner of bottom
plate and subfloor or gasket
under bottom plate

Rim joist

Protective membrane

Ground slopes away from wall
at 5% (6 in. per 10 ft.) —\
|

iU

WA

Unfaced batt insulation
Sealant
Sill gasket

. 'Ag ’

Protective membrane also
acts as capillary break

Top courses filled solid

Rigid insulation (fire-rated)
(taped or sealed joints)

Masonry foundation wall

Building Science Corporation
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When rigid
/_ insulation is not
installed on the exterior

of the rim joist, it must

l be installed on the interior
to control condensation

| on the rim joist in all

; climates

= P o B

Building Science Corporation
Joseph Lstiburek 114



Wood siding
(all surfaces painted)

Air space

1/," OSB sheathing

Furring

Sealant, adhesive
or gasket

Adhesive

Sealant, adhesive
or gasket

WYY
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A NNDNDN NN DN N A

7
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“
il
N
/)

i
I

Unfaced batt insulation

«——— Gypsum board with semi-

vapor permeable (latex)
paint

Sealant, adhesive or gasket

Sealant at corner of bottom
plate and subfloor or gasket
under bottom plate

—— ¢

—
A

e

=

\

Crawlspace vent at top
of foundation wall

SOANSSSSSSY

W\

| s S
—— I
<41 ¢

Sealant (typ.)

Masonry foundation
wall

Ground slopes away from
wall at 5% (6 in. per 10 ft.)

ETAnarineY

L3

e

> " o bl b b &

4

>

Batt insulation

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

Sealant

Treated wood nailer
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Vinyl or —\
aluminum

siding

Rigid insulation
(taped or sealed
joints)

Sealant, adhesive
or gasket

“»
V\.vi

N

(/

\
\|

A

AN

Unfaced batt insulation

'« Gypsum board with semi-vapor permeable

(latex) paint
Sealant, adhesive or gasket

Sealant at corner of bottom plate and subfloor
or gasket under bottom plate

Adhesive

Sealant

Sealant,

adhesive or gasket

V —— ¢

——_ |\

— Rigid insulation
(taped or sealed joints) |/} [|ff|

Protection board [ «

Capillary break

<—+— Pier foundation I{
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