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Roof insulation ——

Insulation wind baffle
2" minimum space

Water protection
membrane —

T
! T \

S Gypsum board with vapor
y . semi-permeable (latex) paint
T Consider increasing depth of
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Leaky air handging unit
and supply ducts

Supply Return Supply
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Depressurized conditioned space
inducing infiltration
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Supply Return Supply

Note: Colored shading depicts the building's thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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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

Air barrier
membrane

= Wood decking

Timber rafter or
exposed joist
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Latent Heat 2250 Jig
Energy
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Temperature (K)

Simple linearized energy-temperature relation for water
From Straube & Burnett, 2005
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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

3/g” sheathing over rigid
insulation

Roof sheathing
Sealant
Rigid insulation -

notched around roof
trusses and sealed

Vinyl or aluminum siding —»
Rigid insulation

Building paper
drainage plane

horizontal joints offset from roof sheathing)

Underside of roof
sheathing is typically
the “first” condensing
surface

" Unfaced batt insulation

~<—— Gypsum board with vapor semi-
permeable (latex) paint
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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)

3/g” sheathing over rigid
insulation CTT—

Roof sheathing

lan Underside of roof
P sheathing is typically
Rigid insulation P N AR\ the “first” condensing
notched around roof surface

trusses and sealed

Vinyl or aluminum siding —» Unfaced batt insulation
Rigid insulation ~— Gypsum board with vapor semi-
Bugil ding : permeable (latex) paint

drainage plane

Building Science Corporation
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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
the “first” condensing
surface

Stucco ——— Unfaced batt insulation
Rigid insulation <~ Gypsum board with vapor
Building paper semi-permeable (latex) paint

drainage plane

Building Science Corporation
Joseph Lstiburek 34

© buildingscience.com

May 9, 2016

17 of 73



RCI Western Chapter

Attics

Building Science Corporation

Joseph Lstiburek 35

Building Science Corporation

Joseph Lstiburek 36

Lstiburek

© buildingscience.com

May 9, 2016

18 of 73



RCI Western Chapter

Lstiburek

Attics

Building Science Corporation

Joseph Lstiburek 37

IR vestey

v
P bagers OO
Caty ewvinten yom

et Gt Ly

Pty modited V)
PRSMOrW et 9D

Building Science Corporation

Rt g vt et Pariapn
S it e e

R

; S22t g

Satert ot W ‘
pererators

Joseph Lstiburek 38

© buildingscience.com

May 9, 2016

190f 73



RCI Western Chapter Attics May 9, 2016

Lstiburek © buildingscience.com 20 of 73



RCI Western Chapter Attics

Lstiburek

Truss bows upward

Bottom chord shrinks
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18" wide membrane strip
under parapet folded ;. barrier

Metal cap down over exterior
rigid insulation W,;Tntg;?‘:
Coping wedge i |
roofing in vel
‘ osB cold and col
OSB sheathing —————p-4——» Rubber roofing climates; house-
Scupper 4 | membrane :;ggf."?t;llildmg
| Righd ineulation other climates)
Sealant e T 7T T TTT] LA SRANRS
Rigid insulation ] W n N
osB ,
Cavity insulation :
Sealant i
Polymer modified (PM) —»{ . Gypsum board with semi- £
or traditional cement ‘ permeable (latex) paint §
stueco Sealant, adhesive or gasket at ‘s
Metal lath top plate >
Building paper bond . :
break over drainage Cavity insulation
plane
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Metal cap

18" wide membrane strip under

parapet folded down over exterior

osB

Coping wedge
OSB sheathing 0SB

Rubber roofing

-] membrane \
Scupper —f == ,'-,:’..':.’?:.,:,-, = s F"r‘:—':
Two layers OSB R . - e
R /
High density spray - )
foam insulation i M~ == e e e <=
Polymer modified (PM) or—»| \ " Gypsum board with semi-
traditional cement stucco permeable (latex) paint
\ Cavity insulation
Metal lath — Sealant, adhesive or gasket at
AN top plate

Building paper bond break—H " - - F Caulking or sealant
over drainage plane ey Cavity insulation
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Map of DOE’s Propused Climate Zones

Moist (A)

March 24, 2000

Building Science Corporation
Joseph Lstiburek 49

Low density spray foam insulation

Asphalt shingles

Roofing paper

Roof sheathing

Raised heel truss

Rigid foam, or comparable,
as backdam

LGypsum board with latex paint
(acts as thermal barrier separating
occupiable space from non-occupiable
space)
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0SB/plywood ——————#| |~ -
sheathing oot

— 9”10 12" cellulose or spray
fiberglass

1" HD spray foam

-~ Gypsum board

2x6 frame wall

Drainage plane ———————»

4'/;" cellulose or spray fiberglass

1" HD spray foam

Building Science Corporation

Joseph Lstiburek 55

1" HD spray foam
2x6 top chord

— Spray fiberglass;
8" nominal

e Gypsum board

2x6 frame wall

4'/;" cellulose or spray fiberglass

0SB/plywood ——————#{ |~ *

sheathing e

Drainage plane ——————»Jf " " |
&

1" HD spray foam
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Roof clacding

Root underlayment

3" HD spray foam
(R-19.5)

8'/s" spray fibergla:
(R-21)
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Vented vs. unvented shingle temperatures

South-facing shingle temperatures
Jacksonville, FL 16-Sep to 18-Nov 2000
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Vented vs. unvented attic air temperatures

Number of hourly

observations

Low attic air temperatures
Jacksonville, FL 16-Sep to 18-Nov 200
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re (F)

Average Temperatures
Vented and Unvented Attics, Aug-97
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—o— Vented attic air —%— Unvented attic ai—o— Vented roof ply

—a— Unvented roof ply Outside
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Hourly Maximim Roof Deck Temperature
LV24 and LV22
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EAVE
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Legend
—e—— Upper level air flows
~a—p- Lower [evel air flows
e~ Air flow at panel joints

Building Science Corporation

Joseph Lstiburek 82

Lstiburek © buildingscience.com 41 of 73



RCI Western Chapter Attics

Lstiburek

Legend
e ppart level ar Nows
- LW level At ons

- AY flow 3t panel joints connecting
uppr and lower a¢ flows

Building Science Corporation
Joseph Lstiburek 83

Building Science Corporation
Joseph Lstiburek 84

© buildingscience.com

May 9, 2016

42 of 73



RCI Western Chapter Attics

Lstiburek

Building Science Corporation
Joseph Lstiburek 85

Shingles

Reofing paper

Vent space of nailbase
insulation panels

Panel joint

Acoustical perforations Fluted metal deck
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New roofing system

Fully adhered membrane

Roof sheathing

Two layers of rigid insulation
(joints staggered and offset)

Fully adhered membrane air barrier

Gypsum sheathing
Fluted metal deck
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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
the “first” condensing
surface

Stucco ——— Unfaced batt insulation

Rigid insulation

Building paper
drainage plane

~—— Gypsum board with vapor
semi-permeable (latex) paint
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Zip (OSB) sheathing
Fully-adhered

Two layers of 2° stone
wool insulation

microlams

Cavily insulation

Zip (OSB)
sheathing

Asphalt shingles
2x6
Stanless
steel dap
ecge
Cosular
PVC tnm
Calular PVC tim
Wood siding Zip (OSB)
sheaming
1x4 tumng 2x5 wood frame
wall
Two layers of 27 stone - Cavity Insulasion
wook insulation
— Plywood
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Shingles
Dense glass
gold at ridge 2x2 framing
Plywood Two layers
Roofing 2" stone wool
membrane

Building Science Corporation

Joseph Lstiburek 118

Lstiburek

© buildingscience.com

May 9, 2016

59 of 73



RCI Western Chapter Attics

Lstiburek

Building Science Corporation
Joseph Lstiburek 119

Building Science Corporation
Joseph Lstiburek 120

© buildingscience.com

May 9, 2016

60 of 73



RCI Western Chapter Attics

Lstiburek

Building Science Corporation
Joseph Lstiburek 121

Building Science Corporation
Joseph Lstiburek 122

© buildingscience.com

May 9, 2016

61 0of 73



RCI Western Chapter Attics May 9, 2016

Building Science Corporation
Joseph Lstiburek 123

Mutole Layers
Baso Assombsy Rgid Insulasion Rigid Inaulation + Fuming Truss WakOftsot Ooutio Wall
e= = =y == [ H -

o Driwnd v 1 = Dored and | o Doaivend wd {1} =~ Orawet ana = Drwwd 970
vervo3 i\ vemes | s | s veriod
peseen fl|  csoang g | 6039 oaany

K waw corea e - v comrs ot o e oo e

- v | [FE— < e corma
aper B\ o | -
| %
|
= =il L = L i

Building Science Corporation

Joseph Lstiburek 124

Lstiburek © buildingscience.com 62 of 73



RCI Western Chapter Attics

Lstiburek

Building Science Corporation
Joseph Lstiburek 125

Building Science Corporation
Joseph Lstiburek 126

© buildingscience.com

May 9, 2016

63 of 73



RCI Western Chapter Attics

Lstiburek

Building Science Corporation
Joseph Lstiburek 127

Building Science Corporation
Joseph Lstiburek 128

© buildingscience.com

May 9, 2016

64 of 73



RCI Western Chapter Attics

Lstiburek

Building Science Corporation
Joseph Lstiburek 129

Building Science Corporation
Joseph Lstiburek 130

© buildingscience.com

May 9, 2016

65 of 73



RCI Western Chapter Attics May 9, 2016

Leaky air handling unit
and supply ducts

A 11T

Alr handling
unt

Supply Return Supply

© © © 6

Depressurized conditioned space
inducing infiltration

/m\

Note: Colored shading depicts the building’s thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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Air handling
unit

4 4

Supply Retumn Supply

— b 11

Note: Colored shading depicts the building's thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.
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It's OK to guess. Call it engineering judgement.
“a reasonable degree of engineering and scientific certainty”

Avoid “wag’s”
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It's OK to guess. Call it engineering judgement.
“a reasonable degree of engineering and scientific certainty”

()

Avoid “wag'’s

1

Use “swag’s
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