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A Building is an Environmental Separator

Building Science Corporation
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. Control heat flow

. Control airflow

. Control water vapor flow

. Control rain

. Control ground water

. Control light and solar radiation

. Control noise and vibrations

. Control contaminants, environmental hazards and odors
. Control insects, rodents and vermin
. Control fire

. Provide strength and rigidity

. Be durable

. Be aesthetically pleasing

. Be economical
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Perfect Wall
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Cladding L
Control layers —]

Structure T =
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Building Science Corporation

Joseph Lstiburek 11

Building Science Corporation

Joseph Lstiburek 12

© buildingscience.com

May 10, 2016

6 of 75



GVHBA

Lstiburek

Walls and Roofs

s | e | o | ot

Wall

Building Science Corporation

Joseph Lstiburek 13

s | s | — | —

Roof

Wall

Building Science Corporation

Joseph Lstiburek 14

© buildingscience.com

May 10, 2016

70of75



GVHBA

Lstiburek

Walls and Roofs

Roof
H Wwall
I
M
Slab
Building Science Corporation Joseph Lstiburek 15
Parapet
: Roof
: Wall
Slab

Building Science Corporation

Joseph Lstiburek 16

© buildingscience.com

May 10, 2016

8 of 75



GVHBA

Walls and Roofs

P Parapet
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- Control layer
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Control layer

<+— Roof structure
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Configurations of the Perfect Wall
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Brick e vanear
Drained cavity §
Exterior rigid insulation — extruded — e« 4
, expanded polystyrene, L~
Isocyanurate, rock wool, fiberglass
%
Membrana or trowel-on o spray /]
applied drainage plane, air barner
and vapor retarder 4
Concrete block 4
11
Matal channet or wood furring
Gypsum board
-
Latex paint or vapor semi-
permeable textured wall fiinish ‘ V1
A

o)

Vapor Profile
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Extenior rigid nsulation — extruded
polystyrena, expanded polystyrene,
wocyanurate, rock wool, fiberglass

Membrane or rowel-on of SPeay ——g
applied drainage plane. air barnear
and vapar retarder

Non paper-faced axtencs gypsum ————
heathing. plywood o oriented strand
board (OSB)

Unnsulated steel stud cavity

Gypsum board

Latex paint or vapor semi-
parmeadle textured wall fiinish

'

Vapor Profile
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Brick veneer$ione veneer o
Drained cavity

Extaror rigid insulation — exiruded
polystyrena, expanded polystyrene,
socyanurate, rock wool, fiberglass

Membrane of trowel-on of spray
applied dranage plane, ar darrier
and vapos retarder

sheathing, plywood or oriented strand
board (OSB)

Insulated wood stud cavity

Non paper-faced exterior gypsum %

Trrin

Gypsum doard o
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)
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Commercial Enclosure: Simple Layers

* Structure
* Rain/Air/Vapor

* Insulation
* Finish
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Joseph Lstiburek 30

Lstiburek © buildingscience.com 15 of 75



GVHBA

Lstiburek

Walls and Roofs

Building Science Corporation

Joseph Lstiburek 31

Building Science Corporation

Joseph Lstiburek 32

© buildingscience.com

May 10, 2016

16 of 75



GVHBA Walls and Roofs May 10, 2016

Building Science Corporation
Joseph Lstiburek 33

Building Science Corporation

Joseph Lstiburek 34

Lstiburek © buildingscience.com 17 of 75



GVHBA

Lstiburek

Walls and Roofs

Building Science Corporation

Joseph Lstiburek 35

Building Science Corporation

Joseph Lstiburek 36

© buildingscience.com

May 10, 2016

18 of 75



GVHBA

Lstiburek

Walls and Roofs

Building Science Corporation

Joseph Lstiburek 37

Building Science Corporation

Joseph Lstiburek 38

© buildingscience.com

May 10, 2016

19 of 75



GVHBA

Lstiburek

Walls and Roofs

Building Science Corporation

Joseph Lstiburek 39

Building Science Corporation

Joseph Lstiburek 40

© buildingscience.com

May 10, 2016

20 of 75



May 10, 2016

Walls and Roofs

210f 75

py
Q
s
I
4
[
2
3
2
o
9
m
y " _J.w
& e =
A A e oy B a ]
I~ j2
5 = _.u.w
Sy
) VY I Ty et
’
5
5
2 g
g 8
3 3
& c
@ b5
3 [53
@ 2]
2 o
£ 2
2 5
4 >
& o

GVHBA

Joseph Lstiburek 42

© buildingscience.com

Lstiburek



GVHBA Walls and Roofs May 10, 2016

Building Science Corporation

Joseph Lstiburek 43

Building Science Corporation
Joseph Lstiburek 44

Lstiburek © buildingscience.com 22 of 75



GVHBA

Lstiburek

Walls and Roofs

Seqgm Vg prate
248 stud wal @ 247 0.0

104 wood fusring strips

Wood or iher comedt
g

Building Science Corporation

Joseph Lstiburek 45

Wood siding

1x4 fumng

Two layers of 2° stone -

wook insulation

— Plywood
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Shingles ——,
Dense glass — \

gold at ridge '\ 2x2 framing
\ O\ ,’/

Plywood = \ //— Two layers

Roofing —— \\ // 2" stone wool

membrane \
Plywood —

(/ ,— Cavily insulation

—Z2ip (OSB)
\sheathing

N

Two 2x14
microlams
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Roof insulation

e Continuous ridge

Insulation wind baffle

2" minimum space

Water protection
membrane ——__

\‘\ ventilation >

-—""_Aj_A!bc‘ ic ventilation

T nnm
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S8888808
- Gypsum board with vapor
. \, semi-permeable (latex) paint
f:,"m"m““s' 75 “~— Consider increasing depth of
insulation by using deeper
\, trusses or oversized (longer)
Vinyl or ‘\‘ trusses
aluminum siding “— Caulking or sealant
Rigid insulation _ Gypsum board with permeable
(taped or sealed joints) — D (latex) paint
Unfaced cavity insulation, ///
celiulose or low-density -
spray-applied foam —
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Relative
Vapor Humidity Relative
Pressure Humidity
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Night Day Night
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A Leaky air hangiing unit

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

Wood decking

Timber rafter or exposed joist

Building Science Corporation
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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

p Air barrier
= membrane

= Wood decking

Timber rafter or
exposed joist
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Shingles
Roofing paper

R-19 batt insulation installed
with wire stays or twine or N
netted cellulose

R-5 rigid insulation (vertical and
horizontal joints offset from roof sheathing)

3/g” sheathing over rigid
insulation T

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-
Building : permeable (latex) paint

drainage plane
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Shingles
Roofing paper

R-19 batt insulation installed
with wire stays or twine or N
netted cellulose

R-5 rigid insulation (vertical and
horizontal joints offset from roof sheathing)

3/g” sheathing over rigid
insulation T

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-
Building : permeable (latex) paint

drainage plane
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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

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

Rigid insulation

Building paper
drainage plane
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or traditional cement

permeable (latex) paint

i tneksy
under parapet fo i
Metal cap down over exterior a’;m’,"a‘:{e
rigid insulation (membrane
v |
. a
OSB sheathing Rubber roofing climates: house-
Scupper ——————————4 | membrane wraps, building
o2 Rigid insulation paper in all
4 other climates)
S MM T 7 7 77 T 7 (7 ( Lt (770177
ngld insulation : WO B " u‘ :\‘ Iu 'n‘ 'I‘ 'n‘
oss i ‘l:llll \”:“n“n”“ 1 I‘\I’\l‘\l\l 3 l‘ll\l|
Cavity insulation : e (R IRTIRTITIR TIR T
Sealant :
Polymer modified (PM) —» __ Gypsum board with semi-

stucco
Metal lath ———
Building paper bond —

break over drainage
plane

Sealant, adhesive or gasket at

top plate

Cavity insulation

1/4" canvft
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OSB sheathing

-

Metal cap

18" wide membrane strip under
5asrapet folded down over exterior
B

Coping wedge
0SB

Rubber roofing
membrane \

Scupper - 7

Two layers OSB

High density spray -
foam insulation

Polymer modified (PM) or —»
traditional cement stucco

Metal lath |

Building paper bond break—»

over drainage plane
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Gypsum board with semi-
permeable (latex) paint

Cavity insulation
Sealant, adhesive or gasket at

top plate
‘- Caulking or sealant

Cavity insulation
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Map of DOE’s Propused Climate Zones

Moist (A)
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- Fe Vrge Res :

March 24, 2000
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Low density spray foam insulation

Asphalt shingles

Roofing paper

Roof sheathing

Raised heel truss
Rigid foam, or comparable, \
as backdam P

Non-occupiable
space

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

Building Science Corporation
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e — 9" to 12" cellulose or spray
e fiberglass
S 1" HD spray foam
OSB/plywood —————#f |~ -
sheathing S Gypsum board
& 2x6 frame wall
Drainage plane g |12 4'/," cellulose or spray fiberglass
- L 1" HD spray foam
e '/
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1" HD spray foam

2x6 top chord

0SB/plywood ———————#
sheathing

Drainage plane —————»

. - Spray fiberglass;
8" nominal

Gypsum board

2x6 frame wall

- 4'/;" cellulose or spray fiberglass

1" HD spray foam

Building Science Corporation
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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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160

' ' 1 ' ' ' '
1 ' 1 ' ' ' 1
1 | ! I o ' 1 1
15-minute averages, A T | |
' ' 1 - L] ' 1
1404 ----- R . SR S A R o H
' ' ' * o ' ' '
— 1 1 1 o v 1 1
L 1 1 1 v T, v 1 1
—_— | ' I Tt | \
1 1 1 1 v 1 1
@ D e == - - —-——— |_!;_4____:!_7____| _____ R
s 120 . , vt R .
= -
= ! ! ™ ! [ TS !
] 1 1 |- ' [ ' '
-7
= 1 1 T. 1 1 -y 1
8 1 1 u 1 1 i 1
B e e e e = (PO [ [ [, (R R LI FR
S 100 . RF R T\ SR
o ! ! Tt ! 1 L !
1 1 1 1 ' e 1
= . Y . , -
' ' va o ' ' " '
80_ ______ I e e = . e de e e oo [ [t
1 [ F3 1 1 1 1 o -
| ] X | | ] 1 ‘\\““-
- ! "
R - [P 1 1 1 1 1 "y
“'“‘”“,"“G\-'ruu"" . . . . .
1 1 1 ' ' 1 1
60 . . n : . :
T T T T T T T 1

o

3 6 9 12 15 18 21 24
Standard Time (h)

= White Shingles - Black Shingles

Building Science Corporation

Joseph Lstiburek 86

Lstiburek © buildingscience.com 43 of 75



GVHBA

Lstiburek

Walls and Roofs

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

Low attic air temperatures
Jacksonville, FL 16-Sep to 18-Nov 200
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Average Temperatures
Vented and Unvented Attics, Aug-97
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160

Hourly Maximim Roof Deck Temperature
LV24 and LV22
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Temperature (C)

Roof Shingle Temperature

FSEC 3.0: Orlando, 1-Aug
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Bottom of Roof Plywood Temperature

80

FSEC 3.0: Orlando, 1-Aug
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TGRS
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EAVE
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~t—~ Air flow at panel joints
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Shingles

Roofing paper

Vent space of nailbase
insulation panels

Acoustical pertorations

Panel joint

Fluted metal deck
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New roofing system

Fully adhered membrane

Roof sheathing

Two layers of rigid insulat

(jeints staggered and offset)

on

2

Fully adhered membrane

Gypsum sheathing

=/

Fluted metal deck
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Leaky ceiling

Building Science Corporation

Joseph Lstiburek 129

Building Science Corporation

Joseph Lstiburek 130

© buildingscience.com

May 10, 2016

65 of 75



GVHBA

Lstiburek

Walls and Roofs

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 " semi-permeable (latex) paint

drainage plane
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Asphalt shingles
thi
Dense glass | OSB sheathing
goid at ridge - 2x2 Framing

0SB sheathing
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Truss bows upward

Bottom chord shrinks
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‘ Continuous bead cf drywal
adhesive required here

L Continucus daad of crywall
adresve required hore
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Float drywall at wall corners

— Slotted anchor at
non-bearing walls
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