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Adventures |In Building Science



Things Are Different
Energy Efficiency
Materials
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There Is No Such Thing As A Free
Thermodynamic Lunch
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Condensation on Ductwork
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Condensation on Ductwork

Ductwork in Vented Attics and Vented
Crawlspaces
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Vented and Unvented Attics
Vented and Unvented Crawlspaces
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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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Houses With Vented Attics Suck
Not all the Time.....but......
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Leaky air handling unit
and supply ducts
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Supply Return Supply
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Depressurized conditioned space
inducing infiltration
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Infiltration/Exfiltration
Controlled Ventilation

i

Interior
sources
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Sealant or adhesive

W
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o
s - Position additional joist to sit directly
:.‘ adhesive over wall to act as draftstop
- 1 or gasket Contin bead
- uous bea
oo Sealant subfloor adheswe
Taped or =X
sealed
. NNN‘“““ N “““‘}
Adhesive “‘ “ —
Taped or | ~7 ‘
§e_a:ed - N sealant, Rigid insulation  Taped or "
JRRIbe | | adhesive sealed V"
| | or gasket joints } ‘
Post ——— g
| : Sealant, adhesive or gasket ‘:4
' 4
. [ =
' Rigid insulation [
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Sheathing tape

/

Adhesive membrane strip (top edge taped
to sheathing with sheathing tape)

N

\

/

Flashing = _
Rigid insulation installed in a continuous ey Latgee i
manner past roof framing (taped or - insulation

W

sealed joints)

N

Y

a

for rafter nailed

over top of rigid Sealant at corner

of bottom plate

!

insulation ——.J| | and subfloor or
f gasket under
bottom plate

I

Sealant

Blocking/
Rigid insulation draftstop
seams taped/sealed
prior to installation of

shed roof framing

adhesive or
gasket
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Crawl Spaces
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Leaky air handling unit
and supply ducts

Supply Return Supply

8 e e ©

Depressurized conditioned space
inducing infiltration
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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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Wood siding
(all surfaces painted)

Air space

1/," OSB sheathing

Furring

Sealant, adhesive
or gasket

Adhesive

Sealant, adhesive
or gasket
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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

—— ¢

—
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Crawlspace vent at top
of foundation wall
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Sealant (typ.)

Masonry foundation
wall

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

ﬁ

Ventilation
air

Interior

75 - 78°F Summer
68 - 72°F Winter

—

Ventilation
air




Conduction Conduction Conduction

L— 75°F

N XY R (R

Radiant heat

transfer
67 - 68°F

To ground To ground To ground

Negligible air flow/convection

Ground
r60°r= /
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RH=70%

MC=13% Fiberglass cavity
r75°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

l_ 60°F
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Interior vapor pressure lower than
crawlspace vapor pressure

(55°F dewpoint)
Impermeable
/ flooring

: Inward
oisture drive
ncreasi [ |

Fiberglass cavity
insulation

Uniform vapor pressure throughout crawlspace
including within crawlspace insulation
(65°F dewpoint)
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Back to Ducts....
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Not Easy To Put Them Inside....
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Roof membrane

—— Fiberboard hygric buffer

Rigid insulation

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
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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)

2

\
Underside of roof
sheathing is typically

the “first” condensing
surface

3/8” sheathing over rigid
insulation

Roof sheathing
Sealant

Rigid insulation
notched around roof
trusses and sealed

Vinyl or aluminum siding —> 'ﬂ Unfaced batt insulation
Rigid insulation ' :"4 - Gypsumblboallr? with v.ag)or semi-
Building paper - ’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

—=X=N— the “first” condensing

surface

Stucco ’i —— Unfaced batt insulation

Rigid insulation » ~—— Gypsum board with vapor

Building paper | semi-permeable (latex) paint

drainage plane
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Soil gas stack vented through
flashed roof penetration

OSB sheathing

Scupper
Two layers OSB
Cavity insulation; see
Material Compatibility
and Substitutions

Gypsum board with semi-permeable (latex) paint
—— Sealant, adhesive or gasket at top plate
~ Caulking or sealant

Polymer modified (PM) or
traditional cement stucco

Metai lath 2X6 24" 0.c. advanced framing
4 Cavity insulation; see Material Compatibility
ka@ StuccoWrap® y and Substitutions
Soil gas ventilation
Weep screed flashing tucked ~ Sill gasket acts as capillary break stack
behind drainage plane
Gypsum board caulked, glued or gasketed to . Sealant at al slab
Parge coat dampproofed with - bottom plate; hedd up from slab —

For termite protection provide
3-0" of muich and then
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18" wide membrane strip
under parapet folded

Metal cap down over exterior [ Air barrier
rigid insulation membrane
Cg . 4 (membrane
oping weage roofing in very
OSB cold and cold
OSB sheathing Rubber roofing cllmateg; r_}gyse-
' membrane wraps, bullding
SERERS g Rigid insulation paper in all
. other climates)
-~
|
l ——
e e e
Sealant (T T T 7710 Ll (T (7T
Rigid insulation \ AN n LA NN
1 S O 5L O O O O | Vo, O 28 T ) B O e i |
OSB % 3 \’\J\l \ VA \ 1 =) VE VYR v | [ vV
Cavity insulation =1\ Iy TN
i T TS SR N, S,

L,

Sealant

L Gypsum board with semi-

Polymer modified (PM) —» .
permeable (latex) paint

or traditional cement
stucco

Metal lath B

e —— S—— Se—— — — —

Sealant, adhesive or gasket at
top plate

1/4" cant/ft

Building paper bond —#
break over drainage
plane

Cauvity insulation
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OSB sheathing

Scupper f

Metal cap

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

Coping wedge
OSB

Rubber roofing
membrane \

Two layers OSB

High density spray
foam insulation

Polymer modified (PM) or —»{|

traditional cement stucco

Metal lath

Building paper bond break

! \
~ ’ ’
/ ’ !
\ ”

s -~ ~ ” -

= - = - ’
\ g \ !
e T I et R ~ =~
o S gl ~ g s
~ ~ .
——— —

L Gypsum board with semi-
permeable (latex) paint

—— Cavity insulation

Sealant, adhesive or gasket at
top plate

1/4" cant/ft

Caulking or sealant

over drainage plane

Cavity insulation
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1" HD spray foam

2x6 top chord

— Spray fiberglass;
| 8" nominal
OSB/plywood d= s Gypsum board
sheathing Fpts
e 2x6 frame wall
DIAInRge PIAne g '\3,: : - 4'/;” cellulose or spray fiberglass
: 1" HD spray foam
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Roof cladding

Roof underlayment

3” HD spray foam —
(R-19.5)

6'/s" spray fiberglass
(R-21)
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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 ///

4

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

Building Science Corporation
Joseph Lstiburek 66



Building Science Corporation

Joseph Lstiburek 67



Building Science Corporation
Joseph Lstiburek 68



Building Science Corporation
Joseph Lstiburek 69



Building Science Corporation
Joseph Lstiburek 70



Map of DOE's Propused Climate Zones

4 Dry (B) Moist (A) N
Marine (C)
» -
LT3
Warm-Humid
Below White Line
All of Al'%?k& in Zone 7 2
except follow
Boroughs in Zone 8 e
g:ﬂ'pel . gonmw ;’;quc
outheast Fairbanks
Fairﬁmgnks N. Star Wade Hampton Zone 1 includes
Nome Yukon-Koyukuk gawal. Guam,
PRI Spe and the Virgin Istands 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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Conditioned Attics Not Unvented Attics
Need Supply Air
50 ¢fm/1000 ft2 of Attic

Or
Dehumidification

Building Science Corporation
Joseph Lstiburek 77



Low-Density Open-Cell Foam Is The
Problem
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Shingles

Roofing paper

Wood based roof
sheathing

Open cell low density
spray foam

“Ping”
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Shingles

Roofing paper

Wood based roof
sheathing

Each “Ping” and “Pong”
bounces the water molecules
up the slope

Open cell low density
spray foam
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=

<t |-Supersaturation: all-pores filled with - water -

=

I capillary saturation A
D free capillary
water

W g Y-

«C

A
o9

adsorbed
water:
hygroscopic
regime

«— A —>

| I I | I

0 20 40 60 80 100
relative humidity (%)

Single-layer of adsorbed molecules

Multiple layers of adsorbed molecules

Interconnected layers (internal capillary condensation
Free water in Pores, capillary suction

Supersaturated Regime

mooQow>

Regimes of moisture storage in a hygroscopic porous material
From Straube & Burnett, 2005
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SIP Failures
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Step 1
» Remove strip of OSB from each side of ridge

Remove 12" of OSB
from each side of ridge

Step 2

+ Create air seal with strip of vapor open membrane (tape seams)

+ Vapor open membrane sheet sealed to OSB with acrylic caulk sealant
+ Hold vapor open membrane sheet in place with metal strapping

Vapor open membrane Metal strap

sheet sealed to OSB with nailed over top

acrylic caulk sealant of vapor open
membrane
sheet (acting
as pressure

bar)

Continuous bead of
sealant between OSB and
vapor open membrane
sheet

Step 3
+ Construct wood ridge vent with 2x2 furring

5/g" OSB

2x2 furring @ 16" o.c.
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An Oops....That Became A Gift....
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Failures Lead To Success
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Asphalt shingles

OSB sheathin
Dense glass g

gold at ridge | 2x2 Framing

OSB sheathing < OSB sheathing
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Hygric Buoyancy
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Components in Dry

Air
Oxygen
Mitrogen

Carbon Dioxide

Hydrogen
Argon
Neon
Helium
Krypton
Xenon

Volume Ratio
compared to Dry Air

0.2085

0.7809

0.0003

0.0000005
0.00833

0.000018
0.000005
0.000001

0.08 1076

Total Molecular Mass of Air

Molecular Mass - M

(kg/kmol)
32.00
28.02
44.01

2.02
39.94
20.18

4.00

83.8

131.29

Molecular Mass in Air

6.704

21.88

0.013
0

0.373
0

0
0
0

28.97

Building Science Corporation
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Components in Dry Volume Ratio Molecular Mass - M Molecular Mass in Air

Air compared to Dry Air (kg/kmol)

Oxygen 0.2085 32.00 6.704
Mitrogen 0.7809 28.02 21.88
Carbon Dioxide 0.0003 44.01 0.013

Hydrogen 0.0000005 2.02 0
Argon 0.00933 39.94 0.373

MNeon 0.000018 20.18 0

Helium 0.000005 4.00 0

Krypton 0.000001 83.8 0

Xenon 0.00 108 131.29 0
Total Molecular Mass of Air 28.97

Note Water Vapor (H20) is 18
Dry Air is 29
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Ratios

\

150
:300
:600

\

\
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Conditioned Attics Not Unvented Attics
Need Supply Air
50 ¢fm/1000 ft2 of Attic

Or
Dehumidification
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Burying Ducts

Building Science Corporation
Joseph Lstiburek 132



Supply

Air
handling
unit

I,lkl

Return

Supply

— L

IJ_-I\
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Ridge
vent

/\* Air change

Soffit
vents

Classic vented attic

Vapor diffusion
port

Vapor
diffusion

Unvented attic with vapor
diffusion port
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Vancouver Mold
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=

<t |-Supersaturation: all-pores filled with - water -

=

I capillary saturation A
D free capillary
water

W g Y-

«C

A
o9

adsorbed
water:
hygroscopic
regime

«— A —>

| I I | I

0 20 40 60 80 100
relative humidity (%)

Single-layer of adsorbed molecules

Multiple layers of adsorbed molecules

Interconnected layers (internal capillary condensation
Free water in Pores, capillary suction

Supersaturated Regime

mooQow>

Regimes of moisture storage in a hygroscopic porous material
From Straube & Burnett, 2005
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~— Relative

Vapor Humidity Relative
Pressure Humidity

Vapor —/

Pressure

Night Day Night
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Outside
Radiation to
night sky g g

Roof sheathing
and top of attic
insulation are
radiation-coupled

Roof sheathing

\ Condensation and frost

accumulating on underside
of roof sheathing

Condensation and
frost accumulating
on top of attic
insulation

Attic

Attic
Inside insulation
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Return
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10-inch dia.
flex duct (typ.)

Sealant

1111111111111111

Ceiling—/ f * \—Ceiling

grille grille

“—— Wall cavity
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Cavity is sealed tight,
drywall glued to studs and
plates on both sides

==
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Supply
« air

f

Outside air
duct

i st i

Motorized
damper

Qutside air
filter

->

Air

air

handler

Return

Dehumidifie

\7 Condensate

overflow pan

)
e—aaaa 5

Pressure
relief grille
to "bleed"
pressure
field from
floor cavity

Short return
plenum
("sleeve”)

Air handler
filter

Full height
louvered
closet door

for access

and to supply,
return air to air
handler and for

dehumidiier
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AR EERESEREER SEEEEESEEEER
s Supply &
g T E Pressure
= relief grille
Return . —A- to "bleed"
2 . pressure
L field from
floor cavity
Air
Motorized ndler
damper S
.
" o
Flexible connection«—] »
for vibration and .
sound control ~ 4
Expandable 5
filter slot I
Full height /(E idifia
louvered closet door ~ Dehumldm?r
for access and to supply = H
air for dehumidfication - -
a N ==

\7 Condensate

overflow pan
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