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Map of DOE's Propused Climate Zones

Ny

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

Bethel Northwest Arctic
Dellingham Southeast Fairbanks

Fairbanks N. Star Wade Hampton
Nome Yukon-Koyukuk
North Slope

Moist (A)

Zone 1 includes
Hawaii, Guam,

uerto Rico,
and the Virgin Islands

March 24, 2003
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Exposure

Extreme - Over 60"
High [ 40" - 60"
Moderate E 20" - 40”
Low : Under 20"
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Configurations of the Perfect \Wall
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Drained cavity
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Brick veneer/stone veneer

Drained cavity

Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass
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Energy

Sensible Heat ~ 14.2 JIigiK [ / Vapor

Latent Heat 2250 J/g

Sensible Heat 7142 Jig,k  Liquid

Latent Heat 333 J/g

2.1 JIg/K Solid

T T
0 273 373

7

Temperature (K)

Simple linearized energy-temperature relation for water

From Straube & Burnett, 2005
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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
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Insulation for Condensation Control*

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

*Adapted from Table R 702.1 2015 International Residential Code
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Cladding

Furring

\

Water Control Layer

Sheathing

Airimpermeable insulation

A\

("closed cell” spray polyurethane foam)

Air permeable insulation

A\

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

stone wool / mineral wool batts)

Gypsum board
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~<—— Gypsum board

Air permeable cavity
insulation

Plywood/OSB sheathing

Air barrier membrane

Rigid insulation

Cladding
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Shingles

Roofing paper

Roof Sheathing

Rigid Insulation

Roof Sheathing

o =
Air barrier membrane I ‘
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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)

Building Science Corporation
Joseph Lstiburek 40



Shingles

Roofing paper

Roof Sheathing

Air impermeable insulation
(aka spray polyurethane foam)

Air permeable insulation

(hberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass)
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Insulation for Condensation Control*

Ratio of Rigid
Board Insulation
Rigid Board
Code or Air
Climate or Air
Required Impermeable R-
Zone Impermeable
R-Value Value to Total
Insulation
Insulation R-
Value
123 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




18" wide membrane strip
under parapet folded 4. barrier

Cg . d (membrane
UpNIgotge roofing in very
OSB cold and cold
OSB sheathing Rubber roofing cllmateg; hlgpse-
' membrane wraps, building
SEEpe s | Rigid insulation paper in all
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Sealant, adhesive or gasketat <

Metal lath
H: top plate

Building paper bond —
break over drainage |
plane !

Cavity insulation
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OSB sheathing

Scupper f

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

v

—— Cauvity insulation

RIS e i S S S —— — . e e e e e o —

ypsum board with semi-
permeable (latex) paint

Sealant, adhesive or gasket at
top plate

Caulking or sealant
Cavity insulation
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Hydrostatic
\ pressure
Hydrostatic
pressure
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Hydrostatic
head

4+ Cladding
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Pascals mph

50 Pa= 20 mph
100 Pa= 30 mph
150 Pa= 35 mph
250 Pa= 45 mph
500 Pa= 65 mph Wind Speed (mph) VS. Stagnatlon Pressure (Pa)

1,000 Pa= 90 mph
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Plywood/OSB
sheathing

Water control
layer

3/g” spacer strip
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Rain Screen
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Beer Screen?
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2nd | aw of Thermodynamics
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In an isolated system, a process can occur
only if it increases the total entropy of the

system

Rudolf Clausius
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Heat Flow Is From Warm To Cold
Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Air Flow Is From A Higher Pressure to a
Lower Pressure

Gravity Acts Down
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Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less
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Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Thermal Gradient — Thermal Diffusion
Concentration Gradient — Molecular Diffusion
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Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Thermal Gradient — Thermal Diffusion
Concentration Gradient — Molecular Diffusion

Vapor Diffusion
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Thermodynamic Potential
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Vapor
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Oy,

4x8 sheet of

D.pp‘ gypsum board
Interior at 70°F
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and 40% RH
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4x8 sheet of
gypsum board
with a 1 in2 hole

Interior at 70°F
and 40% RH
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1/3 quart
of water

30 quarts
of water
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Oy,
Exterior\
at 74°F

dewpoint
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4x8 sheet of
gypsum board
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and 50% RH
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Commercial Enclosure: Simple Layers

 Structure
 Rain/Air/NVapor

* I[nsulation

* Finish
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