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Cooling Reheat
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40% to 50% of
venled area

50% to 60%
of
vented area
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Sorption Isotherms
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Condensation in
the pores

Mono and multilayers of —\

Moisture Content in the Porous Body

water molecules \
N\
/
0 20 40 60 80 100
Relative Humidity (%)

Partial Pressure of Water Vapor

Change in the storage of moisture in a porous building matenal 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 MK, Kumaran, ASTM MNL 18-2nd Edition,
Moisture Control in Buildings, 2009
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Moisture Content vs. Relative Humidity
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Equilibrium Moisture Content (EMC) %
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f T E Pressure
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Z . pressure
L field from
floor cavity
Air
Motorized ndler
damper
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"
Flexible connection«—] "
for vibration and o
sound control - 4
Expandable 5
filter slot )
Full height /<E g
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for access and to supply i -
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overflow pan
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| __— Girille located high in
wall on bedroom side
to avoid blockage by
furniture

Cavity is sealed tight,
drywall glued to studs and
plates on both sides

//—\; Grille located low in
wall on hallway side
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10-inch dia.
flex duct (typ.)

Sealant

ARRRRRRRRR .

‘ R— Ceiling

grille

Ceiling—" f

grille

Wall cavity
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= Unconditioned
make-up air
60 - 70% of
hood exhaust
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Motorized
damper
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A Leaky air handling unit
and supply ducts

_\.\TT

Air handling
O] ® unit
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Depressurized conditioned space
inducing infiltration
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Interior
sources
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Infiltration/Exfiltration
Controlled Ventilation
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Interior
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Roof membrane

—— Fiberboard hygric buffer

Rigid insulation

Yy

N N TN A Nl 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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Outside Inside

70°F

\ Dewpoint

(50% RH, 70°F)

[N

Location of
condensation
and frost

Exterior —>t+[
sheathing

AR
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Sensible Heat ~ 14.2 Jig/K | / Vapor

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

Latent Heat 2250 J/g
Energy

Sensible Heat 7142 Jgk 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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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 ST
. \
Roof Sheathin ~
g \\\ \ \

Airimpermeable insulation
("closed cell" spray polyurethanefom 2 ol

Air permeable insulation
("open cell” spray polyurethane foam)
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Ratio of Rigid
Board
Insulation or
e e
Tone [\mpermestie nsulation Insulation  R-Value to
Insulation —_—
Insulation R-
Value
R25 R13 R15S 15%
4«
R-3.75 R-20 R-2375 15%
RS RA3 RIS 0%
5
R75 R-20 R275 30%
RS R13 R-205 L
6
R1125 R-20 R-31.25 )
R0 RA3 R23 asw
7
RS R-20 R3S asw
RS R13 R23 %
8
R20 R20 R40 S0

*Adapted froe Tatle R 702.1 2015 intermational Residential Code




~—— Gypsum board

Air permeable cavity
insulation

Plywood/OSB sheathing

Air barrier membrane

Rigid insulation

Cladding
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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
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Insulation for Condensation Control*

Ratio of Rigid
Board Insulation
Code or Alr
orar Required Impermeable R-
Zone Impermeable
R-Value  Value to Total
Insulation
Insulation R-
Value
123 RS R-38 10%
4ac R-10 R-49 20%
4A 4B R-15 R-49 30%
5 R-20 R-49 40%
6 R-25 R-49 50%
7 R-30 R-49 60%
8 R-35 R49 70%

*Adapted from Table R 806.5 2015 International Residential Code

Table 1




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 Underside of roof

sheathing is typically
the “first” condensing
surface

Rigid insulation
notched around roof
trusses and sealed

Vinyl or aluminum siding —> »ﬂ Unfaced batt insulation
Rigid insulation ; :"4 _-— Gypsumblboallr? with \{a{)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

Stucco

Underside of roof
sheathing is typically

= the “first” condensing

surface

Rigid insulation

Building paper
drainage plane

I

— Unfaced batt insulation

~<—— Gypsum board with vapor

semi-permeable (latex) paint
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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 Z

sealed to drip edge /
/

“d

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

———
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Map of DOE's Propused Climate Zones

Dry (B)
Marine (C)
of Alaska in Zone 7
oxn.oﬂovm%blovmg
inZone B
Bethel Northwest Arctic
!F)clng - Southeast Falrbanks
North Siope v v

%

Moist (A)

i
i

3
2

v

Warm-Humid
Below White Line

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

Leaky ceiling

v ¥ l v + v - l v ¥+
Supply Air Supply
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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Hygric Buoyancy
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Components in Dry
Air
Oxygen
Nitrogen
Carbon Dioxide
Hydrogen
Argon
Neon
Helium

Krypton

Xenon

Volume Ratio
compared to Dry Air

0.2095
0.7809
0.0003
0.0000005
0.00933
0.000018
0.000005
0.000001

0.09 10

Molecular Mass - M
(kg/kmol)

32.00
28.02
44.01
2.02
39.94
20.18
4.00
83.8
131.29

Total Molecular Mass of Air

Molecular Mass in Air

6.704

21.88

0.013
0

0.373
0

0
0
0

28.97
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Components in Dry
Air
Oxygen
Nitrogen
Carbon Dioxide
Hydrogen
Argon
Neon
Helium

Krypton
Xenon

Volume Ratio
compared to Dry Air

0.2095
0.7809
0.0003
0.0000005
0.00933
0.000018
0.000005
0.000001

0.09 10

Molecular Mass - M
(kg/kmol)

32.00
28.02
44.01
2.02
39.94
20.18
4.00
83.8
131.29

Total Molecular Mass of Air

Note Water Vapor (H20) is 18

Dry Air is 29

Molecular Mass in Air

6.704

21.88

0.013
0

0.373
0

0
0
0

28.97
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Roofing paper .

Wood based roof
sheathing

Open cell low density “Pong’”

spray foam
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Shingles

Roofing paper

Wood based roof

sheathing

Open cell low density L Each “Ping” and “Pong”

spray foam ey bounces the water molecules
= '-"-"~"/‘ up the slope
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EAVE
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Sep 1
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Sweating Ducts
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Sweating Ducts

Light Colored Roofs

Cool Roofs

Radiant Barriers

ACCA Manual J, Sand D

Ductwork Attic Dehumidification System
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Burying Ducts
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Supply ak Supply
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unit

ITI

Return
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Vapor diftusion

Classic vented attic Unvented attic with vapor
diffusion port
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Cold Climates
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— Diffusion vent at ridge vs.
no diffusion vent

— Fiberglass vs. cellulose

— Vapor retarder: variable
perm vs. fixed perm

— “Control” comparison
R806.4 spray foam +
fibrous
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