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Roofs, Walls and Stuff.....
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Roof membrane

—— Fiberboard hygric buffer

Rigid insulation

Yy

TN T N[ S

Air barrier membrane ———

Gypsum sheathing

Fluted steel deck
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Shingles

Roofing paper

Roof Sheathing

Rigid Insulation

Roof Sheathing

Air barrier membrane

Rafter/Truss
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Roof sheathing
Roofing paper

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

and vertical joints staggered

Roof sheathing

Roofing membrane

Vented space

= Air barrier
Z7 membrane
7=
— Wood decking

Timber rafter or
exposed joist
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Leaky air handling unit
and supply ducts

Tl

Air handling
(O] unit
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Supply Return Supply

© © © ©

Depressurized conditioned space
inducing infiltration
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Air handling
unit

Supply
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Return
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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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\

Outside P" Inside
.
70°F

I

[N

.
s

\

3

\ Dewpoint

0°F
(50% RH, 70°F)

!

Location of
condensation
and frost

Exterior ——r
sheathing

WA
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Sensible Heat ~ 14.2 J/g/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.
B Y /| at 50% R.H., 70°F
Wood-based siding /
60
Building paper ™ // f
_ _ S 50 /
Exterior sheathing = Mean monthly outdoor —— /
R-19 cavity insulation in wood > g 40 empereigre N sems== -
frame wall e Potential for
GE, 30 N\ condensation /
- Dew point temp. r
20 at 350A_, R.H., 70°F L BN I 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

?
ﬁ

Temperature (°F)

80

70

60

50

40

30

20

10

0
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/

/

Mean monthly outdoor_/l 'z

temperature

— Insulation/sheathing interface |
temperature (R-7.5 sheathing,

R-13 cavity insulation as
shown in adjacent drawing) —

1 N\

Potential for
condensation

N

Dew point temp. =i
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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Soil gas stack vented through

Metal
cap flashed roof penetration

18" wide membrane strip

—r Coping wedge

| r Roof flashin
0SB sheathing i/, ook 9

-[ Rubber roofing membrane
= /
Scupper b li"........"."" ] ] G I B T
il . " l \

E' llI\lII\llll [(RIRIAIRIAR
Cavity insulation; see ‘i‘.... ERERERER. 1 W TR TR T
Material Compatibility {( ] . 5 A T A T A EEEEEEEE
and Substitutions == 2

f Gypsum board with semi-permeable (latex) paint ' . k §

b\ Sealant, adhesive or gasket at top plate Setlantat 8
Polymer modified (PM) or NS ' 9 PP penetrations e
traditional cement stucco N Caulking or sealant =
Metal lath - 2X6 24" o.c. advanced framing

@Y

Cavity insulation; see Material Compatibility
Tyvek® StuccowWrap® and Substitutions
Soil gas ventilation
i i stack
Weep screed flashing tucked Sill gasket acts as capillary break
behind drainage plane
Gypsum board caulked, glued or gasketed to Sealant at all slab

Parge coat dampproofed with bottom plate; held up from slab ealant at all sia
latex paint to reduce water penetrations
absorption l— Concrete slab

For termite protection provide
3'-0" of mulch and then
<. drought-resistant plants
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18" wide membrane strip
under parapet folded

Metal cap down over exterior _'rbr‘:;r?]?arrgenre
rigid_insulation (membrane
Coping wedge roofing in very
OSB cold and cold
OSB sheathing Rubber roofing climates; house-
Scupper « | membrane wraps, building
i Rigid insulation paper in all
] other climates)
|
L e e e e o ™ s
Sealant M7 (7 7 01 (1 ([ (g (10 (71
Rigid insulation \ AN n LAl N
OSB ' VI SANANANANAYZ 4P« ANANAN) URARARAYA

\I\I\I

Cavity insulation
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Sealant

Polymer modified (PM) —»
or traditional cement
stucco

Metal lath

Building paper bond
break over drainage

plane

) CERST

(WY

-

3
22X 22K

top plate

il

i

>

Gypsum board with semi-
permeable (latex) paint

1/4" cant/ft

Sealant, adhesive or gasket at

Cavity insulation
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OSB sheathing

Scupper 7

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

L Gypsum board with semi-
permeable (latex) paint

T St —— [ ———————————

—— Cavity insulation

Sealant, adhesive or gasket at
top plate

1/4" cant/ft

Caulking or sealant

Cavity insulation
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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 25 ST Non-occupiable
/ dwi By o space
/ WA 'I /\/‘/‘"
Roof underlayment Z / L= 7
sealed to drip edge / R b
2 - 1 ERERY

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

=
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Marine (C) Dry (B) Moist (A)

Warm-Humid
below white line

All of Alaska is in Zone 7 except for
the following boroughs in Zone 8:

Bethel, Northwest Arctic, Dellingham,

Southeast Fairbanks, Fairbanks N. Star, Zone 1includes Hawaii,
Wade Hampton, Nome, Yukon-Koyukuk, Guam, Puerto Rico, and
North Slope the Virgin Islands
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Insulation for Condensation Control*

Climate Rigid Board or Air Code Required | Ratio of Rigid Board Insulation or Air Impermes
Zone | Impermeable Insulation R-Value R-Value to Total Insulation R-Value
1,2,3 R-5 R-38 10%

4C 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 R-49 70%

*Adapted from Table R 806.5 2015 International Residential Code

Table 1

Insulation for Condensation Control*®

Climate Rigid Board or Air Total Cavity Total Wall Ratio of Rigid Board Insulat
Zone | Impermeable Insulation | Insulation | Assembly Insulation | or Air Impermeable R-Valui
Total Insulation R-Value
4C R-2.5 R-13 R-15.5 15%
R-3.75 R-20 R-23.75 15%
5 R-5 R-13 R-18 30%
R-7.5 R-20 R-27.5 30%
6 R-7.5 R-13 R-20.5 35%
R-11.25 R-20 R-31.25 35%
7 R-10 R-13 R-28 45%
R-15 R-20 R-35 45%
8 R-15 R-13 R-28 50%
R-20 R-20 R-40 50%

*Adapted from Table R 702.1 2015 International Residential Code

Table 2

Building Science Corporation
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Shingles

Roofing paper

Roof Sheathing

Air impermeable insulation
(aka spray polyurethane foam)

Building Science Corporation
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Shingles

Roofing paper

Roof Sheathing

Rigid Insulation

Air control layer (air barrier)

Roof Sheathing

Air permeable insulation

(fiberglass 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

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

Roofing paper

Roof Sheathing

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

Air permeable insulation
("open cell” spray polyurethane foam)
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Roof cladding

Roof underlayment

2x6 top chord

\'-\\ A RN :\‘,\ | \\\ N RO /l‘ ('l\ N X \':
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Ml s i A el N e S

1” HD spray foam

“Netted” cellulose;
8” nominal
(R-23.5)
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Cladding

Furring

Rigid Insulation
Air Control Layer (air barrier)

Sheathing

Air permeable insulation

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

Gypsum board

WA

=== oo - —.
AAAA‘AAAAAAAAAAAAAAAAA
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A\

Cladding

Furring

Water Control Layer

Sheathing

Airimpermeable insulation

("closed cell” spray polyurethane foam)

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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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
sheet sealed to OSB with
acrylic caulk sealant

Metal strap
nailed over top
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" 0SB

2x2 furring @ 16" o.c.

Building Science Corporation
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Leaky supply
ducts

Leaky ceiling

Air
handling
unit

ITI

Return
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Hygric Buoyancy
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Periodic Table

Building Science Corporation
Joseph Lstiburek 60



grouz->1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 i8
v ai=t
1 1 2
H He
2 4 el 6l 71181 2110
Be B[ CI|[N]|lO]|| F|[Ne
3 12 13114 |[151|[ 16| 17 || 18
Mg AL Si || P |l S ||Cl]|[Ar
4 20 || 21 221123 |[24 (125|126 |27 || 28 || 29[| 30 || 31 ({32 (|33 || 34 || 35| 36
Ca || Sc Ti |V [LCr|[Mn]|[Fe || Co||Ni|[Cu|[Zn]||Ga]|[Ge|[As]||Se]|Br|[[Kr
5 38 || 39 40 |[a1][421][437][44 ][ 45 ][ 46 |[47 |[48][49][50][51][52][53 ][ 4]
Sr|lY Zr [[Nb||Mo|| Tc [|Ru||{Rh |[Pd [|Ag|[Cd || In |[|[Sn|[Sb || Te || T || Xe
6 56 || 57 72 (|73 || 74 || 751|176 || 77 || 78 || 79 || 80 (| 81 || 82 || 83 || 84 || 85 || 86
Ba || La Hf || Ta || W || Re|[Os || Ir || Pt |[Au|{Hg]|| TI || Pb|| Bi || Po || At || Rn
7 88 (| 89 | *|104((105(|106|(107(|108||109|(110(|111||112|(113[|114|{115|(116(|117|[118
Ra || Ac Rf [|Db || Sg [| Bh || Hs [| Mt [| Ds [| Rg [| Cn || Nh || FI [[Mc|| Lv || Ts || Og

581159160 61|]62]||63]||64]||65]||66||67]||68]||69]|70]f71

Ce || Pr [INd|[Pm||{Sm || Eu || Gd || Tb || Dy || Ho || Er ||[Tm|| Yb || Lu

90 | 971 (|92 (|93 (|94 (|95 (|96 (|97 (|98 (|99 (|/100(|101(/102(|103

Th || Pa||l U |[Np]||Pu|[[Am|[Cm]|| Bk |[ Cf [[ Es [[Fm|[Md]|[No || Lr
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Nitrogen 14
Oxygen 16
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Nitrogen 14 N2 28

Oxygen 16 02 32
H20 18
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Nitrogen 14 N2 28

Oxygen 16 02 32
H20 18

Air  21% 02

79% N2
Molecular Weight of Dry Air 29
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Nitrogen 14 N2 28

Oxygen 16 02 32
H20 18

Air  21% 02

79% N2
Molecular Weight of Dry Air

Adding Water Vapor Lowers It....

29
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Shingles

Roofing paper

Wood based roof
sheathing

Open cell low density
spray foam
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=

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

E

=

ol capillary saturation: g A

D free capillary
water

Wcm i e O X """

adsorbed
water:

hygroscopic

regime

“«— A —>

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

moow>

Regimes of moisture storage in a hygroscopic porous material
From Straube & Burnett, 2005
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Shingles

Roofing paper

Wood based roof

sheathing
Open cell low density 2] Each “Ping” and “Pong”
spray foam o bounces the water molecules

i RSy up the slope
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Ridge

vent Vapor diffusion

port

A Air change /\$\ Vapor
diffusion

Soffit
vents

Classic vented attic Unvented attic with vapor
diffusion port
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