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Building Science

2nd Law of Thermodynamics
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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

Building Science Corporation
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Subarctic/Arctic)

~

s ffiadRumid)
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Exposure
Extrome [ Overeo
vigh [ 0" - 60"
Moderate D 20" - 40"
Low [__] under20”

Building Science Corporation
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer

Building Science Corporation
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Cladding——f |

Control layers >

Structure

Building Science Corporation
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Wall

Slab Roof

Building Science Corporation
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<—— Slab
<—— Control layers

seedepaas i e s <+ Stones

<+— Earth

Building Science Corporation

Joseph Lstiburek 9

< Control layer

< Control layer

<+— Roof structure
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Building Science Corporation
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L J

Wall

] ]

Building Science Corporation
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Roof

L) Wall

Building Science Corporation

Joseph Lstiburek 13

L J_

Roof

Wall

—[——l————]

Slab

Building Science Corporation
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Lstiburek © buildingscience.com 7 of 107



Roxul Energy Design Centre Seminar Enclosures Miami, FL

Parapet
1 J]

Roof

L Wall

Slab

Building Science Corporation

Joseph Lstiburek 15

—LParapet r
i Roof
- Wall

Footing Slab

Building Science Corporation
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Lstiburek © buildingscience.com 8 of 107



Roxul Energy Design Centre Seminar

Lstiburek

Enclosures

Miami, FL

Window

_L Parapet

r

Wall

o\

i /\ Roof

Footing Slab

Building Science Corporation

Joseph Lstiburek 17

Brick ver veneer

Drained cavity

Exterior rigid insulation — extruded

polystyrene,

P poly
irate, rock wool, fib

Y

Membrane or trowel-on or spray
applied drainage plane, air barrier
and vapor retarder

C block
Metal channel or wood furring Z
Gyp board

Latex paint or vapor semi-
permeable textured wall fiinish

-

Vapor Profile

e

Building Science Corporation

Joseph Lstiburek 18
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Brick veneer/stone veneer ————»{

Drained cavity

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

Membrane or trowel-on or spray
applied drainage plane, air barrier
and vapor retarder

Non paper-faced exterior gypsum
sheathing, plywood or oriented strand
board (OSB)

Uninsulated steel stud cavity —

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

- | —

Vapor Profile

Building Science Corporation

Joseph Lstiburek 19

Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 21

Brick veneer/stone veneer ———————»4

Drained cavity

Exterior rigid insulation — extruded

polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowel-on or spray
applied drainage plane, air barrier
and vapor retarder

Non paper-faced exterior gypsum
sheathing, plywood or oriented strand
board (OSB)

Insulated steel or wood stud cavity

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

Vapor Profile

Building Science Corporation

Joseph Lstiburek 22

Lstiburek
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South Florida

Building Science Corporation

Joseph Lstiburek 23

Stucco ——m——————

Masonry block wall

Gypsum board
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1 Wood furring

Reflective foil insulation
Stucco —————————» )

Gypsum board
Masonry block wall )

Baseboard

o Reflective foil vapor barrier
trapping water inside wall
assembly

] || #——— Paper-taced gypsum board

Stucco rendering
extends below grade
acting as a wick

Lstiburek © buildingscience.com 13 of 107
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Enclosures
Vapor semi-permeable rigid
insulation — extruded
Stucco polystyrene
L/
% Wood furring
Masonry block wall Gypsum board held up
from slab
/]
Latex paint or other vapor
permeable or vapor semi-
permeable interior finish
Seat in concrete slab X
\ Baseboard
Weep screed %
Latex paint ——————»}
P \— Concrete slab
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Screed Flashing
(provides drainage at
stucco - masonry connection)

"Seat" in slab acting
as a flashing for masonry -
slab connection
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i, 02/17/2005

»
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.,“]
'l

Vapor semi-permeable rigid insulation —
extruded polystyrene

Wood furring

Polymer modified (PM) or standard
Portland cement stucco

Masonry block wall

Gypsum board

Latex paint or other permeable
interior finish f

Drying to
interior
and exterior

Lstiburek © buildingscience.com 31 of 107
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Enclosures

Unés ly insulation
le———— Interior gypsum board

permeable finish

with permeable or semi-
[

|memrmg(u4m|m

= Interior gypsum board with

1 permeable finish
or semi-
y pormaable rigid insulation
b

Masonry block wall

Stucco

Bond break:

Orainage plane (WRB):

Lath
Membrane bridge
Flashing/control joint
Wood furring (1x4 or 1x2)
= Interior gypsum board with
permeable or semi-
permoable finish
= Permeable or semi-
Stwoco over masonry permeadle rigid insulason
+— Masonry block wall
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Building Science 2009

Joseph Lstiburek 69

Building Science 2009

Joseph Lstiburek 70
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Building Science 2009
Joseph Lstiburek 71

Building Science 2009

Joseph Lstiburek 72
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Latex paint

Precast concrete

Spray-applied low density or high density

foam insulation

Uninsulated steel or wood stud cavity

Gypsum wall board (GWB)

Latex paint or vapor semi-

permeable textured wall fiinish

€«

Vapor Profile

-)

Building Science 2009

Joseph Lstiburek 73

Latex paint

Precast concrete

Rigid insulation (vapor semi-
permeable) — unfaced extruded
polystyrene, unfaced expanded
polystyrene, fiber-faced isocyanurate

Metal channel or wood furring

Gypsum wall board (GWB)

Latex paint or vapor semi-

permeable textured wall fiinish

€

Vapor Profile

-

Building Science 2009

Joseph Lstiburek 74
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|
Latex paint »!
I

Stucco rendering

Concrete block

Rigid insulation (vapor semi-
permeable) — unfaced extruded
polystyrene, unfaced expanded
polystyrene, fiber-faced isocyanurate

Insulated steel or wood stud cavity

Cavity insulation (unfaced fiberglass
batts, spray-applied cellulose or
spray-applied low density foam)

Gypsum wall board (GWB)

Latex paint or vapor semi-
permeable textured wall fiinish

1
1
1
I
|
|
I
1
1
:
1
I
I
1
|
|
L
I
I
fn
I
1
1

-

Vapor Profile

8

Building Science 2009
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Building Science 2009
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Building Science 2009

Joseph Lstiburek 77

Building Science 2009

Joseph Lstiburek 78
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Building Science 2009
Joseph Lstiburek 79

Building Science 2009
Joseph Lstiburek 80
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Building Science 2009
Joseph Lstiburek 81

Building Science 2009
Joseph Lstiburek 82
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Building Science 2009
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Building Science 2009
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Building Science 2009
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Building Science 2009
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Building Science 2009
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Building Science 2009
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Building Science 2009
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Building Science 2009
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Building Science 2009
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Building Science 2009
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Building Science 2009
Joseph Lstiburek 93

Building Science 2009
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Building Science 2009
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Building Science 2009
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Building Science 2009
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Building Science 2009
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Building Science 2009
Joseph Lstiburek 100

© buildingscience.com

Miami, FL

50 of 107



Roxul Energy Design Centre Seminar

Lstiburek

Enclosures

Building Science 2009

Joseph Lstiburek 101

Frame shortening

due to

elastic

shrinkage
and creep

Building Science 2009

Joseph Lstiburek 102
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Location of
maximum stress

F = —F =

===

Building Science 2009

Joseph Lstiburek 103

+—— Sealant backer rod
'/ - and sealant

Remove mortar at top of
concrete masonry unit wall;
saw cut “relief joint”

Note: “Soft” joint or “relief joint”

created by removing mortar to
allow for frame shortening

Building Science 2009

Joseph Lstiburek 104

© buildingscience.com

Miami, FL

52 of 107



Roxul Energy Design Centre Seminar Enclosures Miami, FL

Three coat stucco —————»
(scratch coat with fibers)

Stucco lath (extends ——»
from six inches above

slab level to bottom of R e ) e
concrete beam, but 4 . $ K
not below control joint) ? . ot - - -
- ing agent applied to
concrete frame - concrete
s « - beam

Control joint (at bottom
of concrete beam)

Note
« Stucco applied directly
to concrete masonry units
« Stucco lath at concrete
beams only

Building Science 2009

Joseph Lstiburek 105

Three coat SWCCO ——————1

(scratch coat with fibers) 1 XPS rigid insulation

Metal stud wall

Gypsum board (held up
from slab 2 inches)

Stucco lath (extends Seat in concrete
from six inches above
slab level to bottom of

concrete slab, but / Wide baseboard
not below control joint) /

Bonding agent applied to —»f . \eia e N
concrete frame - concrete olly 2 (A A
slab edge R A o I e R
Control joint (at bottom
of concrete slab) '\

“Soft joint™
Sealant —T/ fol
Sealant backer rod r

(closed cell) ’_'5 "[/

Note:

« Stucco applied directly
to concrete masonry units

« Stucco lath at concrete
slab edge and
frame only

Building Science 2009
Joseph Lstiburek 106
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Stucco
Lath

Bond break

Drainage plane (over
flashing control joint)

Membrane bridge flashing

Flashing control joint

Stucco
Lath

Bond break

Drainage plane (under
flashing control joint)

“Nested” tracks

-« Interior gypsum
board not screwed
to outer track

Building Science 2009

Joseph Lstiburek 107

Minimum overlap of 1”;
the stiffness of the stud
to track connection
must reflect behavior
at extreme locations.

=

Drilled expansion
anchor

Outer track

Maintain required

Minimum required
movement joint distance
between leg of outer track

and screw connecting
stud to inner track.

movement gap
between gypsum
board and floor slab

e Do not screw gypsum

board to outer track.
Maintain required move-
ment joint distance
between drywall screws
and leg of outer track.

Prepunched cut-out
for expansion anchor
clearance

Inner track

Building Science 2009

Joseph Lstiburek 108
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Winter Summer
Sun
Air Temperature Air Temperature
22 to 50°F 50 to 104°F
(-30 10 10°C) (1010 40°C)
, Rain
& £ & 6 il
& ® & 0 e
X ll v . II X
. S . ’
o ® 5 5 | ’1 Ll
3 ® ! Traffic 4 ,' . ,'
| et By —
A ¥l
Root K Roof A
Temperature | Temperature B
-40°F ' 194°F ’ "
(-40°C) (90°C) s Water

68 - 77°F (20 - 25°C)

Temperature Temperature

68 - 77°F (20 - 25°C)

|
Vapor :
I =
R ————
Heat '
Loss Air | Cooling Air
Leakage ) Leakage
Adapted from Bakee, M.; Rools, 1960;
Courtesy Natonal Research Council of Canada
Building Science Corporation
Joseph Lstiburek 109
70 158
60 /«—lr\ [ Membrane o
50 / ‘\ 122
40 104
30 / + Outside air ) 86
b
Cd
. =

8 / __—--——~ :l-l-\
= 20 68
E /- =q. 8
§ 10%‘1 50 g
Q.
E o 2 E
2 [
-10 14
-20 -4
-30 -22
0 B 8 12 16 20 24

Hours of a summer day
From Baker, M.; Roofs, 1980

Building Science Corporation

Joseph Lstiburek 110
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70 158
60 140
50 122
40 104
30 86
3 &
;.; 20 68 ®
H ) 2
E 10 /— Membrane 50 §
g \A 2
£ o ~ 32 E
@ [ N Q
= ’ ‘R Sw .
10 A S Ay 4
s - LOutside air
20 -4
30 -22
0 - 8 12 16 20 24

Lstiburek

Hours of a winter day
From Baker, M.; Roofs, 1980

Building Science Corporation

Joseph Lstiburek 111

Gravel

Bitumen top pour

Felt

Bitumen

Bitumen saturated felt laid
dry and nailed to deck

Dry sheathing or rosin
paper nailed to deck

Wood deck

Building Science Corporation

Joseph Lstiburek 112
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Gravel

Bitumen

Bitumen

Felt ——

Bitumen
Priming

Concrete
deck

Building Science Corporation
Joseph Lstiburek 113

Roof membrane

Coverboard

Thermal insulation

Air control layer

Sheathing
Metal deck

Building Science Corporation
Joseph Lstiburek 114
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Membrane

Membrane

Insulation

Deck

Building Science Corporation

Joseph Lstiburek 115

Building Science Corporation

Joseph Lstiburek 116

Lstiburek
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Building Science Corporation
Joseph Lstiburek 117

Wood cant adhered to
insulation with asphalt | Metal flashing

Two layers of rigid insulation; .
joints offset Built-up roofing \ ‘ %

oS,

Wood blocking fixed
to face brick

WA HA%2)

Adapted from Baker, M.; Roofs, 1980

Building Science Corporation

Joseph Lstiburek 118
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Insulation moved because of
poor adhesion to deck and
between layers
Top four courses
of brick and wood
blocking pulled
inward by
contracting
membrane
NN
N
NN
AN
NN
N
NN
N\
Adapted from Baker, M.; Roofs, 1980;
Courtesy National Research Council of Canada
Building Science Corporation
Joseph Lstiburek 119
Approx. '/2" gap [ Sheet metal joint cover plate
| setin two beads of sealant
= [ g
Maximum 12’ length / [~ High-domed, capped,
each piece of perimeter / | gasketed fasteners
flashing [
Fasten base flashing
approx. 8"
Wood cant fastened
to engineered wood
blocking
Engineered
wood blocking - Extend membrane base flashing
1" below approx. 4" beyond toe of cant
blocking Multi-ply membrane
base flashing
— Perimeter of roof insulation
in air control
Continuous -
cleat Multi-ply built-up roof
membrane
Coverboard insulation
\ Thermal insulation
\ —Concrete deck
Building Science Corporation
Joseph Lstiburek 120
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Gravel surface

Roofing membrane

Insulation

Air control layer

- Mass wall

Air control layer turned
up over edge of insulation
and wood blocking and
returned

2x4 wood blocking

Building Science Corporation

Joseph Lstiburek 121

.
N
.
‘\
4 ==
N —
3 L
N
.,
\\ A L
N
N
RN
N
.
.
N
Rain u L
.
W Rain
. N e
., N
L) 4 \\ \\
i W%
.
. H
A
v
Rain screen —
a

Water that penetrates is
diverted downward and
outward by flashings and
membrane

From Baker, M Rools, 1960

Water penetrates protected membrane
roof system and must be dealt with at

the membrane

Building Science Corporation

Joseph Lstiburek 122
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Exterior - Cold

Water-shedding rain
screen roof \

Roof Space - Cold

Thermal control

A Air control

layer

Interior - Warm

From Baker, M.; Roofs, 1980

Building Science Corporation
Joseph Lstiburek 123

Parapet flashing

\ Tapered rigid insulation
Fully-adhered water v\ , Grout and reinforce
control membrane \ / parapet CMU as per

structural requirements

— Cant
~—Wood blocking
- Perimeter of roof insulation wrapped in air
| control membrane to block airflow from roof
| to parapet
Fully adhered roof membrane
r~— Two (2) layers insulation; joints
staggered horizontally and vertically

\
LA

Ao LA
D T

air and vapor control

Y
7

Fully-adherod water, 7/ LI®
.

membrane
v
Peel and stick ,/,/,
transition
air and water control 7/ Deflection space
Backer rod to fill
7/ deflection joint and
debond water and air
barrier

7777

Building Science Corporation
Joseph Lstiburek 124
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Parapet flashing 2
\ Tapered rigid insulation
Fully-adhered water Grout and reinforce
control membrane parapet CMU as per
structural requirements
7 RN |
Y ’
7 // ~ Backer rod
/ A N / - Perimeter of roof insulation wrapped in air
7 N\ / | control membrane to block airflow from roof
7 |
-1 ™~ / Fully adhered roof membrane
7/ “‘ = Two (2) layers insulation; joints
N\ [ | staggered horizontally and vertically
Z
7 N I
7 '
7
%
Fully-adhered water, ,//, o
air and vapor control i
membrane 7/ H
7777 i I
Peel and stick —
transiton //// 14 >,
air and water control //A \ Deflection
- i Backer rod to fill
7// deflection joint and
i g:boﬁd water and air
V/777 N e
Building Science Corporation
Joseph Lstiburek 125
Parapet flashing
Fully-adhered water \ —— Tapered rigk
control membrane / n?smtion"w

[~ Cant

Wood blocking
~Perimeter of roof insulation wrapped in air control

Air control layer

|/ membrane to block airflow from roof to parapet
r— Fully adhered roof membrane

[ — Two (2) layers insulation; joints

[ | staggered horizontally and vertically

’ v
i .
conre memorancy
P y fully-adhered
o Pt
air and water control 7 3
%
Fiberglass batt ——— b
insulation

Backer rod fills gap

Peel and stick
transition membrane;
air and water control

Water, air and vapor —

contr
preferably fully-adhered

A

1= \ 77\

Air control membrane

¢S \\ L Metal deck '
( \ Light gauge steel framing // \
(installed shightly proud
= of I-beam) \
< | “‘

L Open web steel joist

Deflection track allows space
for sheathing to move

Building Science Corporation

Joseph Lstiburek 126

Lstiburek
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Enclosures

Parapet Sashing

Fully-adherod water
control

Alr controd layer
transion membrane

Fiberglass bant 77774
insulasicn

Gypsum sheathing

Building pape

Fiberglass batt

insulation

Backer rod fils gap

Pool and stick
transion membrane;
Air and water control

Cant

Fully-adhored roof membrane
Rigid insulation

7
Building paper g
7////‘ Dropped cading tiles
7
___ [ == TEnu——
7 <
H,
77772
Building Science Corporation
Joseph Lstiburek 127

Parapet flashing

Fully-adhered \ — i

convimenoane. | | [ ieberedriou

Air control layer .

P opiaas bet 7777
i Y

conre memorancy

P y fully-adhered

i

air and water control 7

tt - - -

i'v;sulation 7///

Backer rod fills gap /

Peel and stick // 1
transition membrane; 7

air and water control =
Water, air and vapor — e

ol
preferably fully-adhered 2200

- Backer rod
/ ~Perimeter of roof insulation wrapped in air control
/ |/ membrane to block airflow from roof to parapet
| q r— Fully adhered roof membrane

— Two (2) layers insulation; joints
staggered horizontally and vertically

‘ — Air w{léi\n}enbvana

\\ L Metal deck '
\ Light gauge steel framing // \
(installed shightly proud
of I-beam) \
[ !

L Open web steel joist

Deflection track allows space
for sheathing to move

Building Science Corporation

Joseph Lstiburek 128
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Parapet flashing

Fully-adhered water fapered

o:o’lyrd membrane :wm.mm

Air control layee

transition membrane

water control and :

it control memb: v ~Backer rod

:;:lp e //% /- Perimeter of rmmmlmm in air control
7 | membrane to block airflow from roof to parapet

2 spray //// ( Fully adhered roof membrane

polyurethane foam > Two (2) layers insulation; joints

staggered horizontally and vertically

Y,

Mtal blocking Zzzz | |

between steel studs /7]

Wiater, air and vapor % =

control membrane:

preferably fuly-adhered

— Open web
stee! poist

Building Science Corporation
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Parapet flashing

Fully-adhered waler
control membrane

Air control layer
tras membrane

2 bt spray
polyurethane foam

Metal
between steel

4

Water, air and vapor
control me 3
preterably fully-adbered

S Poiypropylene mesh supporting
oo flaghing
v g oy vape: S
Y,

~~ Backer rod
Perimeter of roof insulation wrapped in air control
membrane to block airflow from roof to parapet
Fully adhered roof membrane
Two (2) layers insulation; joit
and verticaly

NSNS
N

A1 § 
i ar i

J
\
:
N

Metal deck Air control
membrane

' Open web
stool joist

I
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Cant
— Engineered wood blocking
Fully adhered roof membrane
r~ Perimeter of roof insulation wrapped in air control
|/ membrane to block airflow from roof to parapet
Two (2) layers insulation; joints
staggered horizontally and vertically

r

Air comrol memblane

Peel and stick
transition membrane;

air and water control

S L Metal deck

™\ Light gauge sleel framing
(installed slightly proud

Fiberglass batt -
insulation of I-beam)
7
% =
o
' -~
\— Open web steel joist

Backer rod fills gap
Peel and stick
transition membrane; 7
air and water control A
Y

Fulty-adhered water,
air and vapor control 7

Deflection track allows space
for sheathing to move

membrane
Joseph Lstiburek 131

Building Science Corporation

— Fully adhered roof membrane
~Perimeter of roof insulation wrapped in air control
|/ membrane to block airflow from roof to parapet
— Two (2) layers insulation; joints

staggered horizontally and vertically

\
— Air oonuol membcane

\\ L Metal deck
ight gauge s|ee| lrammg
(mslalledslg
of I-beam) \

Peel and stick
air and water control

Fiberglass batt
insulation
Backer rod fills gap
Peel and stick \
transition membrane; ' Open web steel joist
IN— Deflection track allows space
for sheathing to move

air and water control

Fully-adhered water,
air and vapor control

membrane
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It's a Case of Black or White

Building Science Corporation
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It's a Case of Black or White
Arrhenius

Building Science Corporation
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It's a Case of Black or White
Arrhenius
Every 10 degrees C — double the “badness”

Building Science Corporation
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Supply air into occupied Air handling unit extracts air from dropped

zone returns to AHU by ceiling, conditions it and injects it into the
passing through deliberately | occupied zones via supply ductwork

porous dropped ceiling or
through return grilles Dropped ceiling

i : depressurized by
::rleslltlar:lged In dropeed air handling units

extracting air from
dropped ceiling

» 1
Air handling| _ [Air handlingl— v
@ unit ¥ unit m @ *“
gt | | ey — l__ e ————re B EhTroa SR N
]

+ Occupied Zone
1 |
|
Y

(e 2

o~

1
3
I
1 1
1 h ¢
PRSP YU GRTI—, - I

> -l

1
1
1
+
1
g
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Air barrier system not present
to prevent air from being extracted
from roof assembly

% Corrugated metal
roof deck
Brick veneer
Membrane roof
/ Rigid insulation
% L |
Building paper N e S
Interior gypsum =] >
should extend to |
underside of 2 L
roof deck and | = Return plenum operates
be sealed e 1 under negative pressure relative
to occupied space and exterior
N Suspended ceiling
Exterior sheathing
Metal stud wall = Top chord bearing roof truss
Cavity insulation > Interior gypsum
Building Science Corporation
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Membrane
Coverboard

Insulation

Deck

Sheathing
Air barrier

Building Science Corporation
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Fully-adhered

membrane Mechanically attached
rigid insulation

N/ = N/ I/ )

Building Science Corporation
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Membrane flutters

Air
leakage

\/7/\/\/\/\/

Building Science Corporation
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Membrane

Coverboard

Insulation

N P N N R N N T N
Deck
Sheathing
Air barrier

Building Science Corporation
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Exterior - Cold

Water-shedding rain
screen roof \

Roof Space - Cold

Thermal control

A Air control

layer

Interior - Warm

From Baker, M.; Roofs, 1980

Building Science Corporation
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Roof insulation ———__

Continuous ridge
ventilation ——

Insulation wind baffle
2" minimum space = ——_

Water protection
membrane ——_

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

S:I;:IIC:::J S» o —— Consider increasing depth of
insulation by using deeper
trusses or oversized (longer)

Vinyl or trusses

2 s . ]
aluminum siding —————>] Caulking or sealant

Rigid insulation

5 ,j < - Gypsum board with permeable
(taped or sealed joints) — —~

(latex) paint

Unfaced cavity insulation,
cellulose or low-density
spray-applied foam ———

Building Science Corporation
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Leaky air handling unit
and supply ducts

X T 1
a 3 1 3

Depressurized conditioned space
inducing infiltration

/ﬁ,\

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

Building Science Corporation
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unit
¥ 1 +

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

Building Science Corporation
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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

Building Science Corporation
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The inside face of the roof
sheathing forming the cavity
is the first condensing surface

OSB or plywood nail base for shingles

R-30 unfaced batt ceiling insulation compressed
to fit within 2x8 rafters or damp spray cellulose or
“netted” dry blown cellulose or fiberglass

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

Sealant

Rigid insulation notched
around roof rafters
and sealed

Vinyl or
aluminum siding ————>

Rigid insulation (taped,
shiplapped or
sealed joints) =

Unfaced batt insulation

OSB or plywood
roof sheathing

Gypsum board
ceiling with semi-vapor
permeable (latex) paint

Caulking or sealant

Gypsum board with
semi-vapor permeable
(latex) paint

Building Science Corporation
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100 ’ ‘
90 — Mean monthly
\ outdoor temperature
80 L~ s —— First condensing surface _|
7 \ temperature (underside of
70 N roof sh'eathir?g) if R-5 rigid |
insulation is installed over
60 Dew point temperature roof deck "
e at 50% R.H., 70°F — /
5 '\
~ 50 7
0
3 _-_]._.M____.
© 40
@
<%
E 30 Dew point temperature A
k= at 40% R.H., 70°F
20
10
0

Month

APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
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Two layers of 2" stone
wool insulation \

Zip (OSB) sheathing

Fully-adhered
membrane

Asphalt shingles — 2x8 \
2x6 \ \

Stainless
steel drip
edge

Cellular
PVC trim

|

o

Cellular PVC trim \ Cavity insulation

o

N

I

Zip (OSB)

Wood sidin —x
9 s sheathing
<
14 furring el 2x6 wood frame

wall

Y

Two layers of 2" stone P4} Cavity insulation
wool insulation > ]
|~
[ — Plywood
f—
Building Science Corporation
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Shingles
' Two layers
Roofing 2" stone wool
membrane Cavity insulation

Plywood Zip (OSB)

sheathing

microlams

Building Science Corporation
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Legend

~a— Upper level air flows
-~a— Lower level air flows
~a—p= Air flow at panel joints

Building Science Corporation
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Legend
~a— Upper level air flows
~s— Lower level air flows

~a—- Air flow at panel joints connecting
uppr and lower air flows
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Shingles

Roofing paper

Vent space of nailbase
insulation panels

Al
\ |
/|

P

Acoustical perforations

Panel joint

Fluted metal deck
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Lstiburek
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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

Building Science Corporation
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Figure 1
+ Remove strip of OSB from each side of ridgo

Remove 12° of OSB
from each side of fidge

Continuous baad of
sealant botwoen OS8
and Tyvek® sheet

wood ridge vent with 2x2 furring
a® Ridge Vent roll mesh at edges of vent to control insect entry
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Leaky supply
ducts

Leaky ceiling

3 1

Supply Air Supply
handling
unit
Tal
Return

_ —
C. |:| il |
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Roofing tile

Roofing paper

Netted cellulose insulation or batt insulation
installed with wire stays or twine

Roof sheathing

surface

Underside of roof
sheathing is typically
the “first” condensing

Stucco

Rigid insulation

Building paper
drainage plane

Unfaced batt insulation

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

Building Science Corporation
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Shingles —_

OSB/plywood \
roof sheathing ™\

Roofing paper
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