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Monolayers of
adsorbed water
increase with
increasing RH
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Monolayers

flow along surface

following concentration gradient
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Kelvin Equation and Capillary Condensation

P, 2H~V,

—

In

Pgﬂt RT
Where...

P, = equilibrium vapor pressure
P, .; = saturation vapor pressure
H = mean curvature of meniscus
+ = liquidivapor surface tension
Vi = liquid molar volume

R = ideal gas constant

T = temperature
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Ambient relative humidity at which capillary condensation is predicted

to occur by the Kelvin equation
From Straube & Burnett, 2005
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Moisture Content in the Porous Body

Condensation in
the pores \
Meno and multiayers of
water molecules x
/

0 20 40 60 80 100

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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Vented and Unvented Attics
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There Is Nothing Wrong With A Vented Attic
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There Is Nothing Wrong With A Vented Attic
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Where It Started.....
And Where It Is Going
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Houses With Vented Attics Suck
Not all the Time.....but......
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Leaky air handling unit
and supply ducts

Depressurized conditioned space
inducing infiltration
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Infiltration/Exfiltration

Controlied Ventilation
Inenor Irstame wne
SOuUrces SOuUrces
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Roof membrane
———— Fiberboard hygric buffer

Rigid insulation

Y

- Naie Nl N N Nk

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 /

o 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

Air barrier
2 membrane

= Wood decking

Timber rafter or
exposed joist
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Shingles
Roofing paper

R-19 batt insulation installed
with wire stays or twine or
netted cellulose

R-5 rigid insulation (vertical and
horizontal joints offset from roof sheathing)

3/8” sheathing over rigid

insulation
Roof sheathing
Sealant 2 Underside of roof

2 sheathing is typically
Rigid insulation g the “first” condensing
notched around roof surface
trusses and sealed

[_—={—— Unfaced batt insulati

Vinyl or aluminum siding —>]| niaced batt insulation
Rigid insulation = Gypsum board with vapor semi-
Building paper L ’4 permeable (latex) pain

drainage plane
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Roofing tile

Roofing paper

Netted cellulose insulation or batt insulation
installed with wire stays or twine

Roof sheathing
Underside of roof
sheathing is typically
the “first” condensing
surface

Stucco

— Unfaced batt insulation

~<—— Gypsum board with vapor
semi-permeable (latex) paint

Rigid insulation

Building paper
drainage plane
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/ Metal cap Soll gas stack vented through
/ flashad rool penatraton

4
w - ," : _Y.---'-.-----.“'.-..'-’...----.’ﬁ.'..
Two layors OSB ! v’ v ‘N
Canity iInsufation. see o \"
e e b e  Wemmmms W_______M_ 1
\ “— Gypsum board with semi-permeable (latex) paint \“\
. Sealant, adhesive or gasket a1 10p plate - ol st o8
Polymer mociied (PM) or - penetrations ‘
raditional coment SSUCCO Candking or sealant 1
Metal lath 2X6 24" 0.c. advanced framing
e Ca-izmmmm
Tyvek™ Stuccowrap®™ = and
| = Soll gas ventiation
Woop scroed flashing tucked =1 s Sil gasket acts as capilary beeak slack
behind \ =/
oy o \ [=oll/ /- Gypsumbowd cauted. gued or gaskased o
Parge cost darmpprocied with \ \ B // bomom plate: held up from slab 7 Sealart a1 o slab
Blax PANt 10 NecuOD Walor i/ / penetrasions
absoption \ —— - Concrote slab /
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18" wide membrane strip
under parapet folded _ 4, barrier

Metal cap down over exterior
rigid.insulation (mn.‘ee"r:%g:‘%
Coping wedge roofing in very
| OoSB cold and cold
OSB sheathing Rubber roofing climatest;; [}gpse-
Scupper i membrane wraps, building
3 it - - Rigid insulation paper in all
i other climates)

oAt AN ARE R - NEe AR
Rigid insulation NN N LA NN
| SINANANANED” « P < ARANE CEE IV R
OSB, : _ YRTE " CRTR T L AT RYRYRTE D Y " RIADD
Cavity insulation it ‘\Pu i\ A TRy
; O, T Y . T T T, 5, 0, WL

Sealant : <
|
| . Gypsum board with semi-
|

Polymer modified (PM) —» , g
or traditional cement permeable (latex) paint §
SIlCPO Sealant, adhesive or gasket at *«
Metal lath » top plate =

Building paper bond —
break over drainage |
plane !

Cavity insulation
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Metal cap

18" wide membrane strip under
parapet folded down over exterior

OoSB
Coping wedge
OSB sheathing Q98
Rubber roofing —
I | membrane \
Scupper f 2 y - :

Two layers OSB

High density spray
foam insulation

\ \
— o g——— .-—-.-.’_\_>_\- — -

Polymer modified (PM) or —»

traditional cement stucco permeable (latex) paint

—— Cavity insulation

Sealant, adhesive or gasket at
top plate

Caulking or sealant
Cavity insulation

£ Gypsum board with semi- %
©
o
3

Metal lath

Building paper bond break
over drainage plane
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1" HD spray foam

2x6 top chord
e — Spray fiberglass;
MR 8" nominal
OSB/plywood i Gypsum board
sheathing g
e 2x6 frame wall
Lrepagspans i "\-‘,' ‘ - 4'/;" cellulose or spray fiberglass
1" HD spray foam

Building Science Corporation
Joseph Lstiburek 36



. 4|
ey s
) Sy

6'/s" spray fiberglass
R-21




Low density spray foam insulation

Asphalt shingles

Roofing paper

Roof sheathing

Raised heel truss

Rigid foam, or comparable,
as backdam

Soffit Non-occupiable

space

Roof underlayment
sealed to drip edge

LGypsum board with latex paint
(acts as thermal barrier separating
occupiable space from non-occupiable
space)
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Map of DOE’s Propused Climate Zones

¢ Dry (B) Moist (A) —
Marine (C)
ay
]
{ Warm-Humid
Below White Line

Al of Alaska in Zone 7 2

Soree mom e

Dwisrghan Farbanks

o Suge and the Virgin lslands 1

March 24, 2003
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Conditioned Attics Not Unvented Attics
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Leaky supply
ducts

Leaky ceiling

Air
handling
unit

ITI

Return
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Conditioned Attics Not Unvented Attics
Need Supply Air
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Conditioned Attics Not Unvented Attics
Need Supply Air
50 ¢fm/1000 ft2 of Attic
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SIP Failures
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EAVE
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Unvented Cellulose
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Inward Vapor Drive
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Roofing tile

Roofing paper

Netted cellulose insulation or batt insulation
installed with wire stays or twine

Roof sheathing
Underside of roof
sheathing is typically
the “first” condensing
surface

Stucco

— Unfaced batt insulation

~<—— Gypsum board with vapor
semi-permeable (latex) paint

Rigid insulation

Building paper
drainage plane
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2x blocking leaving
2" gap under sheathing

2x12 rafters
@ 16" o.c.

\

SCUTIAT TN

Facia Fiberglass batts

N
Strip of Cedar \
Breather under Top plate
facia only

—— Fiberglass batt

Soffit vent
Cladding
XPS sheathing
OSB sheathing

F&'__
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Asphalt shingles
OSB sheathing

2x2 Framing

OSB sheathing Asphalt shingles

to ridge
" Cedar Breather
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Asphalt
shingles

Cedar
Breather

~ Gypsum
board

SUTTTIRIT N

Facia

Air gap
Sub-facia
Soffit
Soffit vent
Cladding 1
XPS sheathing
OSB sheathing ”

\— Top plate

Fiberglass batt
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Asphalt shingles

OSB sheathi
Dense glass el
gold at ridge /\ 2x2 Framing
OSB sheathing /’ o] B S OSB sheathing
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Asphalt
shingles—\

0SB A

sheathing /

>

2x blocking

2x12 rafters
@ 16" 0.c.

i

Wiy,

Gypsum
Lt board

. - Cellulose
Facia insulation
Strip of Cedar - ‘< \
Breather under ‘ Top plate
facia only ¢

‘ 41— Fiberglass batt

Soffit vent
Cladding -}
XPS sheathing t S
OSB sheathing é
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B 1-Vented 20
! B-Diffusion Vent Cellulose e ar s s )

B 7-Unvented Cellulose | BT
——T 30 Day Average

10

=10

Exterior T (C)

|1 Vented (no failures) | { 1] - 20
-30

|7 Unvented Cellulose i
f N -

| : : 50
10/12 12/1 1/20 3f11 4/30

Figure 84: ASHRAE 160 failures, vented (1), diffusion vent (6), and unvented (7)
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Houston and Orlando
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Asphalt shingles

OSB sheathi
Dense glass el
gold at ridge /\ 2x2 Framing
OSB sheathing /’ o] B S OSB sheathing
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Hygric Buoyancy
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Burying Ducts
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Classic vented attic Unvented attic with vapor
diffusion port
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Vancouver Mold
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Moisture Content in the Porous Body

Condensation in
the pores \
Meno and multiayers of
water molecules x
/

0 20 40 60 80 100

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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Relative

Vapor Humidity Relative
Pressure Humidity

Vapor
Pressure

Night Day Night
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T

Roof sheathing

Condensation and frost
accumulating on underside
of roof sheathing

Roof sheathing :
and top of attic 'Condensauo? and
insulation are Atti ros;t aoc:fun:‘p ating
radiation-coupled o on top of attic
insulation

AAAlAAAAAA\

\ Attic

Inside insulation
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Pushing the Envelope
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Asphalt shingles —
2x6 ‘

Stainless
steel drip

edge

Two layers of 2" stone —,
wool insulation \

Zip (OSB) sheathing

Fully-adhered —
membrane

Cellular
PVC trim

Cellular PVC trim

Wood siding

1x4 furring

Two layers of 2 stone
wool insulation

1)

\_— Cavity insulation

[
b
<
’ <
—
>
-— Zip (OSB)
§ sheathing
’ o
G 2x6 wood frame
Pl wall

Cavity insulation

vw’vv
AN AN L

Plywood

N
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Shingles

Dense glass
gold at ridge

Plywood
Roofing

membrane

Plywood

>
>

|
|

s

//

z

>

Two 2x14

microlams

g

",
N

2x10’s

Plywood

2x2 framing

Two layers
2" stone wool

Cavity insulation

Zip (OSB)
sheathing

-
-
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Single top plate
2x6 stud wall @ 24" o.c.
~ Taped and painted '/;"

gypsum wall board as
intenior finish

Cellulose insulation in
wall cavity

0SB sheathing with
water control layer
facing; joints taped/
sealed

e Mineral fiber insulation
boards

1x4 wood furring strips

Wood or fiber cement
siding

Cellulose ——,
insulation at

nm joist
Capillary break

EPS insulation—"
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Where It Started.....
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Leaky air handling unit
and supply ducts

Air handlin
unit 2 —_— n e
L 1t
Supply Return Supply

& @ @@

Depressurized conditioned space
inducing infiltration

- r_L‘ r]_.' s

Note: Colored shading depicts the building’'s thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.

Building Science Corporation
Joseph Lstiburek 144



Air handling
unit

i
~

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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Crawl Spaces
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Leaky air handling unit
and supply ducts

Air handling
unit

L 1t
Supply Return Supply

& @ @@

Depressurized conditioned space
inducing infiltration

- r_I-' |J_.' o

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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Depressurized
:) condttioned space

S sl e ()
it ] ¢

handing

Supply untl Supply
Heturn
Leaky supply ' ?

ducts q
- Rl
»

al———
Craw| space

= B

e
I
it o

-
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Wood siding || —— Unfaced batt insulation
(all surfaces painted) e Gypsum board with semi-
‘ .'- vapor permeable (latex)
'/," OSB sheathing b
‘ :{‘ Sealant, adhesive or gasket
Furring =
Sealant, adhesive w ( p—- Sealant at corner of bottom
or gasket e FA G SR bl
Adhesi “;'.1‘ ] NCEr DO D]
s : Sealant (typ.)
( Rigid insulation
’ ISR
| A
| L VWAV
Sealant, adhesive ‘rt' o W .
or 7
pesrat 2 :: ‘ Batt insutation
Crawispace vent at top Al ! Rigid insulation (fire-rated.
of foundation wall 2| taped and sealed joints)
L A Capillary break
Masonry foundation A Sealant
wall | % Treated wood nailer
Ground slopes away from B ’ .
wall at 5% (6 in. per 10 1) 1
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Unfaced batt insulation

Gypsum board with semi-vapor permeable
(latex) paint

&%‘)’m;um _ g:.g Sealant, adhesive or gasket
] | = T L e
s =00
Mmm Lmh:mmu) il e

—
- —
—

Capiltary break

o,
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Heat from

Interior
75 - 78°F Summer
68 - 72°F Winter




Conduction Conduction Conduction

r 75°F

N PSRN PR I

Radiant heat

transfer
67 - 68°F

To ground To ground To ground

Negligible air flow/convection

Ground
r60°F /
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RH=70%

MC=13% Fiberglass cavity
l, 75°F / insulation

61 - 62°F

61 - 62°F Water droplets

RH 100% at surface Crawlspace air
MC =25-28% (65°F dewpoint) Floor assembly
and ground
Ground are radiation
coupled

r60°F

Building Science Corporation
Joseph Lstiburek 170



Interior vapor pressure lower than
crawlspace vapor pressure
(55°F dewpoint)

Impermeable
flooring

A \

Vapor closed

— -
\

[ ) Inward
flopk sheathing, | ‘moisture drive
Increasing | Vapor open
| moisture ~ insulation | |
| content | | |
Fiberglass cavity
insulation

Uniform vapor pressure throughout crawlspace
including within crawlspace insulation
(65°F dewpoint)
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