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Presentation Overview

= Context for Residential Construction
= The Ideal Building Enclosure

= Moisture Control

= Energy Transfer

= Wall Systems

Roof System/Attic Systems
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Context for Residential Construction
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Energy Use

= Energy is a big consideration in new construction and
building retrofits

Primary Energy Consumption by Sector, 2001

Transportation
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New
In Need of Energy Retrofit Homes
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Building Retrofit Opportunities

= There are approximately 60 million units of
housing in the U.S. that were built prior to 1960.

= Most of these will need major systems replaced in
the near future.

= As siding, windows, roof claddings, mechanicals
replaced, opportunities arise to reduce the overall
energy use of these homes

CAPTURE OPPORTUNITIES !
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Home Energy Use

Total Btu Consumption per Household, 2001

50  Space Heating
wElectric Air Condtioning
Water Heating

Refrigerators

million Btu per household

Other Appliances and
Lighting

1990s 1980s 1970s 1960s 1950s before
1950

Source: US Census Bureau, Annual Housing Survey: http://www.census.gov/hhes/www/
housing/ahs/ahs.htm|
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More Efficient, but Bigger

. ~1100 sq ft!
» Average House Size in 1973: 1660 sq ft?

« Average House Size in 2005: 2434 sq ft

2000 Average Single Family Home Size, 1973-2005

2,500 4
2,000 4
1,500 4

1,000 4

House Size (sqft)

500 4

0 +—+—r—rr—rrr—rrrrr T
1973 1983 1993 2003
1. Wilson, Alex and Jessica Boehland “Small is Beautiful” Journal of Industrial Ecology, Vol 9, No 1-2. 2005
2. EIA, Annual Energy Review, 2001 data: www.eia.doe.gov/emeu/aer
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Home Energy Use

Building Service Life

= Significant portion of the total energy use
= Need to reduce energy

= New buildings should consider not just current
standards and requirements but future needs

= Retrofit buildings should look for opportunities to bring
levels above current standards as well
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= Any new construction or significant reworking of an
assembly/system essentially inoculates that assembly/
system from further improvement for the services life
= Consider service life of measures

= Will components of an assembly provide appropriate
performance for the full service life
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Building Enclosure
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Building Enclosure

= Key Requirements
= Control rain and ground water (including snow)
= Control heat flow, airflow, and water vapor flow
= Control light and solar radiation
= Control noise and vibrations

= Control contaminants, environmental hazards and odors, insects,
rodents and vermin

= Control fire

=  Provide strength and rigidity
= Bedurable

=  Be aesthetically pleasing

= Beeconomical

Building
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Building Enclosure

= Rain Control Layer = Air Control Layer

= Vapor Control Layer = Thermal Control Layer
External Interface
Exterior
Environment ///Flmsh

Finish
[

»# %=~ Internal Interface

\ -
Micro \
Climate oads
Modifiers  \ < 2
x5 Interior

\ - Environment
Enclosure \y ool
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The Ideal Building Enclosure

Cladding >

Control layers 1 |»

Structure >
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The Ideal Building Enclosure

wall
l ] E T T T i
Slab Roof
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The Ideal Building Enclosure

-0 Ord 04 rH. 4 Ba"aSt
s A SO SRS Filter fabric
< Control layers
< Roof structure
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The Ideal Building Enclosure
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< Slab
<« Control layers
L < Stones
« Earth
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The Ideal Building Enclosure
i
H Wall
f
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The Ideal Building Enclosure

j\ -

Wall

e
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The Ideal Building Enclosure

j Roof

H Wall
| \
Slab
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The Ideal Building Enclosure

The Ideal Building Enclosure

L_L Parapet
|
/\ Roof
Wwall
Fooh/ Slab
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[___L Parapet
‘ j Roof
Wwall
\/ Slab
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Physics

= Heat Flow Is From Warm To Cold
= Moisture Flow Is From Warm To Cold
= Moisture Flow Is From More To Less

= Gravity Acts Down
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Air Flow Is From A Higher Pressure to a Lower Pressure

24
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Moisture Control
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Moisture Control

= The Moisture Balance

wetting

safe storage
capacity

9
K
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Moisture Control

= Wetting
= Liquid Water Management
= Rain/Snow
= Ground water
= Condensation
= Air Leakage
= Vapor Diffusion

= Storage
= Drying
= Drainage
= \entilation
= Vapor Diffusion
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Water Management

Building
Science REPA October 12, 2010
Corporation

28

© buildingscience.com

7 0of 43



Residential Energy Performance Association of New Hampshire

Water Management

o38885883888

N

0 1300 301 - 600
Width of overhang above wall (mm)

over 600 Splash Height
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Water Management

= Drained Assemblies

panel cladding system masonry veneer

REPA October 12, 2010

Water Management

= Mass Walls

solid masonry

composite/layered

REPA October 12, 2010
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Water Management

= Barrier Walls

REPA October 12, 2010
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Water Management

= Water Managed Joints

/- drainage space

structural joint ~/ drainage opening

Mass Joint Perfect Barrier Joint Drained Joint
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Water Management
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Water Management
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Vapor Management

= Air leakage

= Can transport significant amounts of water vapor
= Driven by air pressure differences
= Requires a pathway

= Vapor Diffusion
= Typically slow transport of water vapor — though it can act
continuously for long periods of time
= Driven by partial vapor pressure differences

= Function of material property and area

Building
Science
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Vapor Management

® Air Leakage
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Vapor Management

*= Vapor Diffusion
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Moisture Storage Drying
* High Storage * Drainage =YV T
= Masonry = \lentilation 1 <\ US> 1

= Concrete = Vapor Diffusion

|

|

|

0
= Moderate Storage :
= Wood (Cellulose) :Y
= No Storage
= Glass(Including Fiberglass insulation) 3 oo

= Metal /f : 2
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Basic Heat Flow
= Conduction radiation
= Convection
= Radiation )
t1 convection t2
Thermal Control
conduction
s
ﬁ Building
Science Building
Corporation g:lenee REPA October 12, 2010 44
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Heat Flow in Materials Heat Flow in Materials

=Function of:
. i J——Conduction
Material Type . % (through material)
= Density and pore structure //\/\ Convection

. e
= Moisture content . ~~ (between fibers)
= Temperature difference '

=Combination of: é

= Conduction through material and air (or other gas) .

Radiation
(from one fiber

L — to another)
= Convection in pores

= Radiation through pores Conduction

(through air)

HYPOTHETICAL FIBEROUS MATERIAL

Building Building
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Heat Flow in Materials Heat Flow in Materials
Conduction
(through material) *R-Value or RSI
Convection = Gives heat flow as “equivalent conductance”
(within pores) = Includes all three modes of heat transfer
Conduction = Rarely includes thermal bridging or three dimensional heat
(through pore gas) flow

= Never intended to include airtightness or mass

Radiation
(from one pore wall
to the other pore wall)

HYPOTHETICAL POROUS MATERIAL

Building Building
Science REPA October 12, 2010 47 Science REPA October 12, 2010 48
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Conductance Through the Enclosure Conductance Through the Enclosure
“ oo Wt Wl
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I < 24@ 16" 204824° 26@16° 26@24"
Wall Configuration (Stud Size and Spacing)
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Conductance Through the Enclosure Convection Through the Enclosure
= Commonly referred to as “Air
Leakage”
= Driven by air pressure differences
= Wind
= Mechanical

= stack effect

= Large energy impacts (can
account for 30% of the heating
and cooling energy

\/

Building Building
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Convection Within the Enclosure

= Commonly referred to as
“Convective Loops”

= Driven by natural buoyancy - warm
air will rise

= Short circuits insulation
A Cold Hot
= R-value does not take into account

the potential of movement of air
within an assembly.

REPA October 12, 2010 53
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Convection Within the Enclosure

At |
A _
S e
i v
i ~
cool air || f warm
falls | i air rises
ah M T
o ‘I LoopsONLYita : Loops ONLY it high
Al continuous space i | @irpermeabilty
H H exists on BOTH i T || insulation (ie., very
H H i low density)
] i sies i
S j (e i

| B

A: Air Loops Around Insulation B: Air Loops Through Insulation

Convection Within the Enclosure
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Convection Within the Enclosure
FIGURE 3. Dectail of 6% installation defect.
Brown and Bomberg 1993
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Convection Within the Enclosure Radiation
0 0% Defects
g 100 \ =Net radiant flow across a clear
§~l:: 20 4w 80 100 120 140 160 180 CaVi‘ty
!%m =0 =Emissivity is expressed as a
200 100 % Defocts . .
" g MN fraction of energy emitted
R 1 120 140 160 100 when compared to the
E*“ radiation from a black body
200 E -300
g~ \ o 27 *Common in attics
< 00 Location (mm)
! 00 2 100 120 140 180 180
i 200
§ 300
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Radiation Radiation
=Must have an airspace for i
radiant products to work Cold 0 Hot
=While low emitting, radiant “
products are often highly ]
conductive e
=Energy will be conducted to -
other materials in contact with
radiant product (framing, dirt) L
Building Building
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Corporation Corporation
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Radiation

=" Must have an airspace for .
radiant products to work Cold . Hot

=While low emitting, radiant
products are often highly - -
conductive

=Energy will be conducted to
other materials in contact with a~
radiant product (framing, dirt)

REPA October 12, 2010
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Insulation Types

= Cavity
=Mineral Fiber Batts
=Blown/Spray Mineral Fiber
=Blown/Spray Cellulose
=Cotton
=Open Cell Spray Polyurethane
=Closed Cell Spray Polyurethane

REPA October 12, 2010
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Insulation Types

=Insulating Sheathing
=Medium Density Mineral Fiber
=Expanded Polystyrene
=Extruded Polystyrene
=Polyisocyanurate
=Closed Cell Spray Polyurethane

REPA October 12, 2010
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Performance

= Mineral Fiber Batts (Glass/Rock/Slag)
= R/inch=2.8t03.7
= Air Permeable
= Vapor Permeable
= No moisture storage capacity
= Uneven cavity fill (difficult to fit around obstructions)

= Blown/Spray Mineral Fiber (Glass/Rock/Slag)
= R/inch=2.8t03.7
= Air Permeable
= Vapor Permeable
= No moisture storage capacity
= Even Cavity Fill (net/adhesive holds fibers in place)

Building
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Performance

= Mineral Fiber Batts (Glass/Rock/Slag)
= R/inch=2.8t03.7
= Air Permeable
= Vapor Permeable
= No moisture storage capacity
= Uneven cavity fill (difficult to fit around obstructions)

= Blown/Spray Mineral Fiber (Glass/Rock/Slag)
= R/inch=2.8t03.7
= Air Permeable
= Vapor Permeable
= No moisture storage capacity
= Even Cavity Fill (net/adhesive holds fibers in place)
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Performance

= Blown/Spray Cellulose
= R/inch=3.0t0 3.7

= Air Permeable (higher density = some resistance to air flow)

= Vapor Permeable
= Some moisture storage capacity
= Even Cavity Fill (net/adhesives hold fibers in place)

= Cotton
= R/inch=3.0t03.7
= Air Permeable (Some resistance to air flow)
= Vapor Permeable
= Some Moisture Storage Capacity
= Even Cavity Fill

ﬁ Building
Science
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Performance

= Open Cell Spray Polyurethane
= R/inch=3.6t03.8
Air Impermeable (good air barrier <0.01 Ips/m2 @ 75 Pa, controls
convective loops)
Vapor Permeable
Moisture Resistant
Even Cavity Fill (expands to fill voids)

= Closed Cell Spray Polyurethane
R/inch=5.81t06.8

Air Impermeable (good air barrier <0.01 Ips/m2 @ 75 Pa, controls
convective loops)

Vapor Semi-impermeable (1 — 2 perms for 2” thickness)

Moisture Resistant
Even Cavity Fill (expands to fill voids)

ﬁ Building
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Performance

= Medium Density Mineral Fiber (Glass/Rock/Slag)
= R/inch=4.0to 4.4
= Air Permeable (resistance to wind washing)
= Vapor Permeable
= Moisture Resistant (good drainage for rock/slag)

= Expanded Polystyrene
= R/inch=3.6t04.4
= Air Impermeable (air barrier if joints taped?)
= Vapor Semi-impermeable (3 — 4 perms)

= Moisture Resistant

Building
Science REPA October 12, 2010 7
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Performance

= Extruded Polystyrene
= R/inch=5.0
= Air Impermeable (air barrier if joints taped?)
= Vapor Semi-impermeable (0.5 perms for 2” thickness)
= Moisture Resistant

= Polyisocyanurate
= R/inch=6.0t06.5
= Air Impermeable (air barrier if joints taped?)
= Vapor Semi-Impermeable or Impermeable (<1 glass fiber faced,
0.03 perms for foil faced)
= Moisture Resistant

Building
Science REPA October 12, 2010 73
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Performance

= Closed Cell Spray Polyurethane
= R/inch=5.8t06.8
= Air Impermeable (good exterior air barrier system <0.01 Ips/m2 @ 75 Pa)
= Vapor Semi-impermeable (1 - 2 perms for 2” thickness)
= Moisture Resistant (can act as a drainage plane behind a cladding system)

Building
Science REPA October 12, 2010 75
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Wall Assemblies

= How much insulation?
= Comfort & moisture —
= True R-10 is usually enough in Zone 6, but .....
For energy / environment / economics
= as much as practical
= Practical constraints likely the limit
= How much space available in studs?
= Moisture concerns
= Fastening, windows: exterior sheathing of 1.5”/4”

= Increased insulation can reduce HVAC purchase/install
cost as well as operating!

Wall Assemblies

Building

Science ﬁ Building

Corporation Science REPA October 12, 2010 78
L Corporation

Wall Assemblies

= Add up the R-values of the layers to get the total R-
value of the assembly

= BUT the actual thermal resistance of an assembly is
affected by
o Thermal Bridges
o Thermal Mass
o Air Leakage

Building
Science REPA October 12, 2010 79
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True R-value

= Includes realistic framing factors

= 3D heat loss

= Realistic framing factors

= (16% advanced framing, 25% normal)
= Should include airtightness

= But we don’t have a metric yet
= Durability also matters

= No one metric will work

Building
ﬁ Science REPA October 12, 2010 84
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Durability

Condensation occurs on cold surface
= Drying occurs slowly when cold
= Ergo... Insulating makes things wetter!

= Air & water vapor moves through fiberglass and
cellulose

= Foam stops air and slows vapor

Building
Science REPA October 12, 2010 85
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Wall Assemblies

= Wood framed wall
with cavity
insulation

ﬁ Building
Science
Corporation

2k or 208 o
wat @ 16"
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REPA October 12, 2010 86

Wall Assemblies

= Cavity Insulation Options
= Fiberglass/Cellulose/Cotton/Open Cell SPF/Closed Cell SPF
= Combinations?
= Retrofits change the dynamic of the wall assembly
= How is the moisture balance affected?
= Building operation is changing to meet peoples
comfort needs
= Can’t guarantee interior environmental conditions
= Look for more resistant/robust assemblies

Building
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Wall Assemblies

ﬁ Building
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Wall Assemblies

= Retrofits?

= Address water management concerns — required for all
= How will it affect the drying of the assembly?

= Will it reduce wetting?

= What about built in moisture?

= Cladding impacts?

= Other elements?

ﬁ Building
Science
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Wall Assemblies

sheathing

ﬁ Building
Science
Corporation

= Wood framed wall with
exterior insulating

REPA October 12, 2010

Segge top plane
266 shoct wat @ 200

Taped and pan

o agece

Wall Assemblies
= Wood framed 26 smiwn @ 2600
wall with thick [
. :;9;-:'”5'\!4:!0-\:1
exterior sk iobdacad pfacoranse
. . s Mo o veril s !
insulating aeeaniots
sheathing ( IR it e
| » m';;,‘v_um.amw wemcally
Fibee comant sicing. 4° coursing. 1
o furring at
24" 0.c. with 6 ting shank hot-cipped
gahvanized or stainkess stool nals
1210 water table
Y. vented mesh
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Wall Assemblies

Segpo top phase

= Wood framed
wall with exterior ~
closed cell spray .
foam insulation
and drainage
plane

<<<<<<

ond vermiatcn ou
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Wall Assemblies

Sevye g sl

= Wood framed

wall with EIFS ... r"'ﬁ

=

cladding
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Wall Assemblies

= Wood framed
wall with
interior
horizontal
strapping

REPA October 12, 2010
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Wall Assemblies

* Double stud wall __......

REPA October 12, 2010

ﬁ Building
Science
Corporation

Sogge ko pase

ud e wet @ 18 06

98

Construction issues

REPA October 12, 2010
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Wall Assemblies

= Larsen truss wall

REPA October 12, 2010
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Wall Assemblies

= S|P wall

ﬁ Building
Science
Corporation

Vertical stiffener

Taped and painted '/,*
gypsum wall board as
interior finish

OS8 interior
panel

o

EPS insutation
COr

REPA October 12, 2010

0SB extarior
panel

Housewrap

101
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Wall Assemblies

= Mass Wall

ﬁ Building
Science
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Roof Assemblies
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Roof Assemblies

How much insulation?
For energy / environment / economics
= as much as practical
= Practical constraints likely the limit
= How much space available?
= Rafter depth
= Moisture concerns
= Vented/Unvented — material deterioration?

cost as well as operating!

Building
Science
Corporation

REPA October 12, 2010

= Increased insulation can reduce HVAC purchase/install

105

Vented Attics

= Why ventilate?
= Remove excess heat and moisture
= Prolong service life of shingles
= Control ice damming

Building
ﬁ Science REPA October 12, 2010 106
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Vented Attics

= Retrofits

= Can re-roof whenever, with whatever

= Deal with moisture, then add insulation
= Rain leaks, air leaks

= |f possible, keep ventilated attic
= |nspect ceiling plane, plug all holes with caulking and foam
= Consider 1” of spray foam air barrier
= Blow in minimum R60 cellulose, R75-R100 sensible

REPA October 12, 2010
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Roof Assemblies

= Common assembly

= Easy to get higher levels
of insulation

= Need to provide an air
seal the ceiling plane

Vented attic with insulation at ceiling;

mechanical equipment should be located
inside the conditioned space; can

also have a tray ceiling

Building
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Roof Assemblies

Aoot insulation
Continuous ridge
INsuation wind baffle ventiation 5
2" minimum space o
o =

Gypsum board with vi

W :
] -_— apor
» : . semi-parmeable (latex) paint
— Consider increasing depth of
solfa veat f' L |ruulahonlby usus-;v deoper
118 USSes Of ovarsized (longer)
Vil of l :, vusses
aluminum siding '7 = Cautking or sealant
=
Rigd Insutation 15 _}‘4 Gypsum board with permeable
(raped or sealed joints) e (latex) pant
Untaced cavity insulation,
celluiose of low-ansity
speay-applied foam
Building
Science REPA October 12, 2010
Corporation
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Roof Assemblies

[o—
'

tsl)
// \‘ \/

Building
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Roof Assemblies

= Cathedral ceilings are
common in New England /\
=
= Rafter depth can create a
challenge for insulation
thickness while still

providing ventilation

= Air sealing occurs at the

2" ventilation
gap

Thickness varies
according to local
building code

Insulation baffle to provide
adequate ventilation

Insulation depth should be at least half
of the insulation thickness

15" drywall

Flexible adhesive —

Insulating sheathing should be
the insulation baffles

00T Bukdng Scwmce Press

B
Science
Corporation

REPA October 12, 2010

115

Celllng plane Vented attic with cathedral ceiling;
mechanical equipment should be located
inside the conditioned space
Building
ﬁ Science REPA October 12, 2010 114
Corporation
Roof Assemblies

— Insulation baffle provides
minimum 2 in. clearance
B under roof sheathing

igid ——
insulation
extends
past knee
wall

Knee
wall

Insulation ———<

| “— Rigid insulation
notched around
roof rafters to act
as wind shield for
roof insulation

Sealant, adhesive
or gasket

€006 Jaseph Lstibumsl, FERg , PhO
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Ice Damming

Ice Damming

1. Snow insulates roof membrane
3. Snow melts and runs
down roof

4. Cold air removes heat

from underside

1. Snow insulates roof membrane
3. Snow melts and runs
down roof
4. Cold air removes heat
from underside
5. Ice dam and 5. Ice dam and
icicles form icicles form

2. Low thermal insulation level

allows heat to flow to roof sheathing

2. Air leaks in ceiling
allow warm air to flow
to roof sheathing

Building
Science

REPA October 12, 2010
Corporation
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Ice Damming
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Ice Damming

Building
Science REPA October 12, 2010 122
Corporation

Condensation

[ Cold exterior (no sun)

Air leaves via accidental—
openings or intentional vents

Air flows through ventilation—
gaps, air permeable insulation
or accidental gaps
Condensation forms on-
cool roof sheathing
Roofing —
Roofing paper

— Painted Drywall
— Warm moist interior air leaks

into roof via accidental crack
or opening

Warm interior - higher air
| pressure than exterior

Building
Science REPA October 12, 2010
Corporation

Wood rafter |
Fibreglass batt insulation

123

Condensation

L3

Building
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Unvented Roof

= Why use a hot roof?
= Mechanical in the attic
= Complicated ceiling geometry make air sealing difficult
= Control ice dams?

= Why not to use a hot roof?
= Control of ice dams?
= Reduced shingle life?

REPA October 12, 2010

ﬁ Building
Science
Corporation

125

Unvented Roof

= Long history of performance

Roof membrane
Fiberboard hygric butier

Rigid insulation

Yy

¥

O e N S e e

Air barrier membeane
Gypsum sheathing
Fluted steel deck

ﬁ Building
Science
Corporation
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Unvented Roof

REPA October 12, 2010
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Unvented Roof

s Loaky air handing unit
,“J and supply ducts
/

Note: Colored shading depicts the building's thermal barrier and pressure boundary,

The thermal bamier and pressure boundary enclose the conditioned space.
Building
Science REPA October 12, 2010
Corporation

128

© buildingscience.com

32 of 43



Residential Energy Performance Association of New Hampshire

Baker

Why an Unvented Roof?
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Why an Unvented Roof?

87.8°F

SELIR
£=0.95 .

g
-

REPA October 12, 2010 131
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Why an Unvented Roof?
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Unvented Roof

= |ce Damming

= Function of rate of heat
loss through thermal
insulation — Heat Flux

= Cannot prevent snow
melt — can reduce the
rate to the point where
ice dams will not form

Empirical evidence has
demonstrated good
success

ﬁ Building
Science
Corporation

ﬁ Building
Science
Corporation

Heat Flux (Btumrft2)

Heat flux through roof assembly for given R-value and attic
temperature

R0 R20 R30 R4D RS0 R0
Assembly R-Value (Btuhr f2.F)
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Shingle Temperature

Temperature (F)

Building
Science

Corporation
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FRF Data: June 1 - September 30, 1989
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Standard Time (h)

= White Shingles - Black Shingles

18 21 24
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Shingle Temperature

350

South-facing shingle temperatures
Jacksonville, FL 16-Sep to 18-Nov 2000
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Shingle Temperature

South-facing plywood temperatures
Jacksonville, FL 16-Sep to 18-Nov 2000
- 350
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o § 250
o=
w ® 200
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55 150
a v 100
ES 50
z 0 +—"m,
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Temperature (F)
@munvented S plywood m vented S plywood
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Shingle Temperature

Low attic air temperatures
Jacksonville, FL 16-Sep to 18-Nov 2000
1000 =
>
T, 800
25
= £ 600
o 5
P <
g9 400
ES
S 200 A
z
0 -+
50 60 70 80 90 100 110 120 130 140
Temperature (F)
@Eunvented low attic @vented low attic
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Building Code

Excerpt from
2006 IRC

ﬁ Building
Science
Corporation

SECTION R806
ROOF VENTILATION

R806.1 Ventilation required.
rafter spaces formed where ceilings are applied dircetly to the
underside of rool rafters shall have cross ventilation for cach
ate space by ventilating openings protected against the
entrance of rain or snow. Ventilating openings sh:
vided with corrosion-resistant wire mesh, with Y/,
mm) minimum to '/, inch (6 mm) maximum openi

R806.2 Mi m area. The total net free ventilating arca
shall not be less than 4, of the a of the space ventilated
except that reduction of the wtal area to Yy, is permitted. pro-
vided that at least 50 percent and not more than 80 percent of
the required ventilating s provided by ventilators located
in the upper portion of the space to be ventilated at les
(914 mm) above the cave or cornice vents with the
the required ventilation provided by cave or cornice vents. As
an alternative, the net free cross-ventilation area may be
reduced 1o /5, when a vapor barrier having a transmission rate
eding 1 perm (5.7 x 10"
the warm-in-winter side of the cei

nclosed attics and enclosed

sep:

be pro-
h (32

/s - m? - Pa)is installed on

REPA October 12, 2010

Building Code

Building
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Excerpt from
2006 IRC R806.4 Cnm!ilinlwd ttic assemblies. Unvented conditioned
attic assemblies (spaces between the ceiling joists of the top
story and the roof rafters) are permitted under the following
conditions:

1. No interior vapor retarders are installed on the ceiling
side (attic floor) of the unvented attic assembly.

2. An air-impermeable insulation is applied in direct con-
tact to the underside/interior of the structural roof deck.
“Air-impermeable” shall be defined by ASTM E 283,

Exception: In Zones 2B and 3B, insulation is not
required to be air impermeable.

REPA October 12, 2010

Building Code

Excerpt from
2006 IRC

ﬁ Building
Science
Corporation

4. InZones 3 through 8 as defined in Section NTIOTL.2, suf-
ficient insulation is installed to maintain the monthly
t&iniperature of the condensing surface above
1 45°F (7°C). The condensing su i
N e stracterdl roof deck or the interior surface of an
air-impermeable insulation applied in direct contact with
the underside/interior of the structural roof deck.
*Air-impermeable’™ is quantitatively d od by ASTM
E 283. For calculation purposes, an interior temperature
of 68°F (20°C) is assumed. The exterior wemperature is
assumed to be the monthly average outside temperature,

REPA October 12, 2010
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Bu ! Idlng COde Excerpt from 2007 IRC Supplement Bu ! Idlng COde

RB06.4 Unvented attic Unwented attc the ceding joists of the 10p story
and the roof raflers) shall be permitted if ol e Tollowing CoNGItions are met

1. The urvented atbe space 1s completoly contained within the buidng theemal envelope.

2. No infenor vapor retarders aro mstalied on the cefing side mmc fo0e) of the unvented atbic assembly. EXcerpt from
3 \Nme Wwood shinghes o shakes are used, & MU ¥ nch (6 ) vented ar space separales the th it
SinGes. oL shakes-ond 216 woling DoV 210 SEUCIDL DGO — - — — — — — = - - - — — = 7t Edition
4 ‘ In cimate 200es 5, 6, 7 and B, any ar-mpermeabls nsulation shall be & vapor retarder, o shall have m Mass Code
retarder coating o Covenng in direct contact with the undessice of the insulation ]
5 Eﬁhov'n'eﬁn'i B o ¢ shall ba Mt dedending on The i permeabiily of Tha indulalion diféclly under s ~ ~ for 1 and 2-
structural roof sheathmg "
0 Arampormeable insulation only. Insulabon shall be applied n droct contact 10 the underside of the family
structural roof sheathing "
b Ar-pormeable insufation only, In addition %o the air-pormeable installed directly below the structural dwelllngs

sheathing, ngid board or sheet msulabon shall be instalied directly above the structural roof sheathing
[ .(noh-dnlnﬂnm-ﬂuzmlmcuvlm

c nsulation The nsulation shall be apphed in direct
contact 10 the mh of the structural roof sheathing as specified in Table RB0G 4 for condensation
control. The air-permeatle nsulation shall bo under the er nsulation

TABLE R806.4

INSULATION FOR CONDENSATION CONTROL

CLIMATE ZONE MINIMUM RIGID BOARD OR AIRIMPERMEABLE INSULATION R-VALUE
[ 28 and 36 te roof only 0 (none required)
1,2A,28,3A, 38, 5C RS
4C R-10
4A, 4B R-15
R
R-25
R-30
R-35
Contnbutes 10 but does not supersede Chapter 11 energy requirements.

Building Building
Science REPA October 12, 2010 141 Science
Corporation Corporation

SECTION 5806 -
ROOF VENTILATION

5806.1 Ventilation n'qlmed Enclosed attics and enclosed
are applicd direetly to the
cross ventilation for each

rafter spaces formed where
underside of roof rafters shall h
separate space by ventilating open
entrance of rain or snow. \;mnl.mn; openings shall be pro-
vided with corrosion-resistant wire mesh, with ' inch (3.2
mm) minimum to 'y inch (6.4 mm) maximum openings.

Exceptions:

1. Roof blies where an ding spray foam
insulation material, providing at least 40 percent of
the total R-value of the required insulation, is in
direct contact with the underside of the roof deck
and adjacent framing members. If the permeability
of the foam material is less than 2 perm-inch, no
vapor barrier is necessary.

o

Roof assemblies where a board foam plastic insula-
tion material, providing at least 40 percent of the
total R-value of the required insulation, is placed on
top of the roof deck. If the permeability of the foam
material is less than 2 perm-inch, no vapor barrier is
necessary.

REPA October 12, 2010 142

Excerpt from R314. Excerpt from
3144 is not requ :
2006 IRC tion R807.1 and where the space is entered only for service 2006 IRC
of uulmu and when the foam plastic tion is protected
against ignition using one of the following ignition barrier
materials:
1. 1.5-inch-thick (38 mm) mineral fiber insulation:
2. ch-thick (6.4 mm) wood structural panels:
3. nch (9.5 mm) particleboard:
4. 0.25-inch (6.4 mm) hardboard;
5. 0.375-inch (9.5 mm) gypsum board: or
6. Corrosion-resistant steel having a base metal thick-
ness of 0.016 inch (0.406 mm).
The above ignition barrier is not required where the foam
plastic insulation has been tested in accordance with Section
R314.6.
Building Building
Science REPA October 12, 2010 143 Science
Corporation Corporation

R314.6 Specific approval. Foam plastic not meeting the
requirements of Sections R314.3 through R314.5 shall be spe-
cifically approved on the basis of one of the follow
approved tests: NFPA 286 with the acceptance criteria of Sec-
tion R315.4, FM4880, UL 1040 or UL 1715, or fire tests related
to actual end-use configurations. The specific approval shall be
based on the actual unl use configuration and shall be per-
formed on the finished foam plastic i
thickness intended for use. Assemblies te

REPA October 12, 2010 144
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Roof Assemblies

= |nsulation at the roof
plane

= Thickness is not a function /\
of the rafter depth

= Material type may have
other requirements for T 1l
ignition, thermal barrier,
or vapor control

Un-vented attic; mechanical equipment
can be located inside the conditioned attic.

REPA October 12, 2010 145
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Roof Assemblies

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 l

‘¥Gypsum board with latex paint
(acts as thermal barrier separating

Roof Assemblies

REPA October 12, 2010 147
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space from
space)

ﬁ!ulldlng

Solomce REPA October 12, 2010 5

Corporation
Roof Assemblies
= |nsulation at the plane of s s

the roof deck
= |nterior insulation
= N

thickness limited by rafter
depth —though possible
for additional insulation
to be added to the
interior of the framing

Un-vented cathedral ceilings;
can also have knee walls, a raised heel truss,

= Exterior insulation is

pOSSible OF USE SCISSOr trusses,
Building
ﬁ Science REPA October 12, 2010 148
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Roof Assemblies

Thickness varies —
according to local
building code

Insulation

Heel height should be at least half
of the insulation depth

board

Glue and screw all gyp

Rigid insulation should be extended up to
the underside of the roof sheathing

0007 Bulding Science Press

Building
Bl
Corporation

REPA October 12, 2010

Caulk or
adhesive

149

Roof Assemblies

— Extend foam board
sheathing to under-
side of roof deck

Exposed structure

Finish layer to be 15 min. fire barrier

Stagger joints in both horizontal
and vertical displacement

Rigid insulation (extruded or isocyanurate),
thickness varies by code and chmate

Air seal all joints 10 prevent convection
and condensation of mosture

Caulk or

Roof Assemblies

insulation

Rattor

Cavity insulation

Intesior ceilng
covering

REPA October 12, 2010
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Speay foam plassc

151

Fiberglass insulation adhesive
Building
ﬁ Science REPA October 12, 2010 150
Corporation
Roof Assemblies
Righd foarn plastic
nsuaton sheattung
Root sheathng
1
Ramer
Cavity insutation
Inferior ceding
covarng
Building
ﬁ Science REPA October 12, 2010 152
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SIP Roofs SIP Roofs

EAVE

Building Building
Science REPA October 12, 2010 153 Science REPA October 12, 2010 154
Corporation Corporation

SIP Roofs SIP Roofs

Cold air falls toward
bottom of joint

Rising air cools and
vapor condenses on
underside of top layer

Warm air rises toward
cold side of SIP

Air returns to interior
through accidental opening

Accidental opening on
inside of joint allows warm
moist air to enter

Building Building
ﬁ Science REPA October 12, 2010 155 ﬁ Science REPA October 12, 2010 156
Corporation Corporation
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SIP Roofs

structural insulated panel
area prone 1o moisture
damage

movement of air and
moisture in panel joint
towards roof peak

Building
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SIP Roofs

Lowen srune

Building
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SIP Roofs
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Legend

~«—» Upper level air flows
~a—»- Lower level air flows
~a—»- Air flow at panel joints

Building Building
Science REPA October 12, 2010 165 Science REPA October 12, 2010 166
Corporation Corporation

o Usper e 3 fows \‘\\
~

ot Lower el 3 fOWs.
e Alr fow bt panel foiets conmcting

wpr and lower ar fiows.
Building Building
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Shingles

Roofing paper

Vent space of
insulation panels

—— ——
&

New roofing system

Fully adhered

Rool

Two layers of rigid insulation
(joints staggered and offset)

Fully adhered membrane air barrier

yP:

Fluted metal deck

B
Science
Corporation

REPA October 12, 2010

171

Panel joint
Acoustical perforations Fluted metal deck
Building
Science REPA October 12, 2010 170
Corporation
Questions?
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