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Roof insulation ——__
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Insulation wind batfle ventilation
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\ “— Gypsum board with vapor
\ semi-permeable (latex) paint

Continuous ~ . .
- —— Consider increasing depth of

soffitvent — 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) — (latex) paint

Unfaced cavity insulation,

cellulose or low-density

speay-applied foam ——
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Leaky air handling unit
and supply ducts

+ 1 +
Supply Return Supply

© © 0 6

Depressurized conditioned space
inducing infiltration

.—-——’u L‘\

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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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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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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Joseph Lstiburek 7

Lstiburek

© buildingscience.com

Roofs

March 18, 2014

Roof membrane
—— Fiberboard hygric buffer

Rigid insulation
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Air barrier membrane

G
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Fluted steel deck
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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

Building Science Corporation
Joseph Lstiburek 8
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Roof sheathing

Roofing membrane
Shingles
Roofing paper

Roof sheathing

Vented space =
L/Spray foam
air seal
:_ ~
—-——
- S
—
Timber rafter -—
or exposed joist @ -
& —
Wood decking | —
Air barrier membrane Il i B
R-60 rigid insulation (horizontal Z' ]
and vertical joints staggered)
Building Science Corporation Building Science Corporation
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EAVE
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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
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structural insulated panel

area prone to moisture
damage

movement of air and
moisture in panel joint
towards roof peak

open joint

Building Science Corporation
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UPPER 0SB

LOWER SPUINE

Lower 0SB
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SEALANT AT THIS LOCATION
WOULD NOT HAVE PREVENTED
FAILURE

EXTERIOR
~ CONTINUOUS SEALANT AT

~—~CONTINUOUS SEALANT
AT THIS LOCATION WOULD
VE PREVENTED FAILURE
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/- RooFiNG PaPER
TWO LAYERS oF 2° THick (R-28)
ISOCYANURATE RIGID INSULATION
(JOINTS OFFSET/STAGGERED
HORIZONTALLY AND VERTICALLY)
/0SB SCREWED THROUGH TWO
/' LAYERS OF RIGID INSULATION
INTO SIP

ROOFING PAPER
(PRIMARY AIR

BARRIER) SIP (MAxmUM 8*
or EPS AT R-32)
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Legend
~a— Upper level air flows
~a—p~ Lower level air flows
~a—- Air flow at panel joints

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

~a—»- Alr flow at panel joints connecting
uppr and lower air flows
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New roofing system
Fully adhered b

Roof

Two layers of rigid insulation
(joints staggered and offset)

I :
A
Fully adhered membrane air barrier /
Gy sheathing
Fluted metal deck

Building Science Corporation
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Shingles

Roofing paper

Vent space of
insulation panels

/

Acoustical perforations

Panel joint

Fluted metal deck

Building Science Corporation
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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)

38" sheathing over rigid

insulation Ty
Roof sheathing

Sealant

Rigid insulation < Rl
notched around roof
trusses and sealed

Underside of roof
sheathing is typically

N the “first” condensing
surface

Vinyl or aluminum siding —»]
Rigid insulation

Building paper
drainage plane

I~ Unfaced batt insulation

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

Building Science Corporation
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40

30

Temperature (°F)

20

10

0

A N

m_y

- Mean
outdoor temperature
|

== First c ing surface _|

7

N
\\

i

temperature (underside of
roof sheathing) if R-5 rigid |
X insulation is installed over

| Dew point temperature m' — /
at50% R.H. T0°F — 1\ \L /
A //
>
Dew point J
at 40% R.H., 70°F ——

APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY

Month

The ingice tace of the roo!
sheathing forming the cawity
s the first condensing Surtace ——

0SB o piywood no base for shingles —__ .

R-30 untaced batt cedling insulation compressed \

o fit within 2x8 raftors or damp spray celluiose o \\ \
‘\

“netted” dry biown cellulose of fiberglass — .
R-5 rigd insulation (vertical and horizontal \‘
Joints offset from root sheathing) — =

Sealant —

Ragd snsulaton notched \e

around roof raftors. - ~— Gypsum board

and sealed —— ceiling with semi-vapor
\ permeable (latex) paint

Vinyl or 3 "~ Caulking or sealant

aluminum siding

Gypsum board with

Rigd insutation (taped,
shiplapped o sefmi-vapor permeable

Building Science Corporation
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Roof insulation ——__

membrane (ice-
dam protection
where required) —

Continuous
soffit vent —

Vinyl or
aluminum siding

Rigid insutation
(taped or
sealed joints) ———

Insulation wind baffle
2" minimum space  ——_
Water protection \

Cavity insulation
with vapor

\

—~—

Rigid insulation
(taped or sealed joints)

\\— Gypsum board

Caulking or sealant

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

sealed joints) ——— (Ratex) paint
Unfacod batt insulation =
Building Science Corporation
Joseph Lstiburek 66
Roofing tile
Roofing paper 2
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 x4

Building paper 1
drainage plane

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

Building Science Corporation
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18" wide membrane strip
under parapet folded 5.
down over exterior Alr barrler

Metal cap
rigid insulation [',‘,f;}‘n?,',aa’},‘:
Coping wedge roofing in ve
0SB cold and co

OSB sheathing Rubber roofing climates; house-
Scupper ———————— membrane \’I)Vfagg?.i:glllclmg
Righd Insiation other climates)

T T T T T 177 70(Lj

nnnn N nn g
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—

Sealant
Rigid insulation

Cavity insulation
Sealant
Polymer modified (PM) —

or traditional cement
stucco

Metal lath

‘L Gypsum board with semi-
permeable (latex) paint

Sealant, adhesive or gasketat ‘<
top plate

Building paper bond
break over drainage
plane

Cavity insulation

Building Science Corporation
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Map of DOE's Propused Climate Zones

) Moist (A) -

Building Science Corporation
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Metal cap

18" wide membrane strip under
poasrapel folded down over exterior
B

Coping wedge

OSB sheathing ; os8

f Rubber roofing

- membrane \

SCUppe’g i <~ 1.331-'-:’:3-_1 Tz 2= El—;-:;-’r
Two layers OSB O = Setn =

i} ~ ’ ’
High density spray e 4 \ :
foam insulation I S A e e P =5
Polymer modified (PM) or g T Gypsum board with semi- =
traditional cement stucco | permeable (latex) paint §|

- X Cavity insulation o
Metal lath Sealant, adhesive or gasketat = |

top plate
Caulking or sealant
Cavity insulation

Building paper bond break
over drainage plane

Building Science Corporation
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Low density spray foam insulation

Asphalt shingles

Roofing paper

Roof sheathing

Raised heel truss ———
Rigid foam, or comparable,
as backdam

Soffit

Roof underlayment
sealed to drip edge

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

Building Science Corporation
Joseph Lstiburek 76
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Bitumen saturated felt laid N\
dry and nailed to deck N

Dry sheathing of rosin —,
paper nailed to deck N

Wood deck
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Roof membrane

Coverboard

Thermal insulation

Air control layer

Sheathing
Metal deck

Building Science Corporation

Mermerane

Mombeane
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Wood cant adhered 10 — Insulation moved because of —
insulation with asphait | s Metal flashing poor adhesion to deck and \
Two layers of rigid insulation; — . \ /
\ Built-up roofing — \ 4
foints offset \ 9 " \ \ Top four courses
1 Wood blocking fixed of brick and wood
- to face brick blocking pulled
inward by
contracting
| membrane
Adapted from Baker, M.; Roofs, 1960;
Adapted from Baker, M.; Roots, 1980 Courtesy National Research Councd of Canada
Building Science Corporation Building Science Corporation
Joseph Lstiburek 97 Joseph Lstiburek 98
Metal flash Continuous blocki [ Dlocking e matal puled
[ 5 A -
Bult-up rookng— i) nalled 16 crscontimius Cant strip and insulation — / .':‘;:mmmmg‘rawmg e
Insulation — \ / wood blocks cast in top moved by contracting \ &
\ 4 of concrete paneis membrane \
y X >
Thick wood blocks
set in concrete at
2in.oc.

Precast concrete

Steel deck —/

- Pilaster

Steel deck —/

Adapted trom Baker, M.; Roofs, 1950

Building Science Corporation

Adapted from Baker, M. Roofs, 1980
Joseph Lstiburek 99

Building Science Corporation
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Adapted from Baker, M. Rools. 1960

March 18, 2014

How it might have been
detailed 1o provent
membrane contraction
from the
roof-wall junction

Building Science Corporation

Sheat metal joint cover plate
setin two beads of sealant

High-domed, capped,
Gasketed fasteners

Extend

Mutiply membeane
base flashing
Perimeter of toof insulation

Mudti-ply buit-up ool
membeane

Thermal insulation

— Concrate dock

membrane base flashing
3pprox. 4 beyoed toe of cant

wrapped in air coatrol membrane

Joseph Lstiburek 101

Building Science Corporation
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Air conteol Layer lurned

24 wood blocking

Building Science Corporation

.
*a
.
N
o 1
. ‘*1
.s
~ R
S
nain s,
N
‘\
R ‘«l
Bl
3
.
Ran screen
I

WAL DH0evIts IO mabonn
ool sysem and must Bo et weh at
the meteane
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Lstiburek
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Rain screen

Thermal control ——}

layer

Adapted
Courtesy National

>4

March 18, 2014

Venting protective
cover

Thermal control
layer

Air control layer, vapor
control layer and water
control layer

~|— Structure

from Baker, M. Roofs, 1980;

Council of Canada

Air control layer, vapor
control layer and draining
membrane

N Structure

Building Science Corporation

Exterior - Cold

Waler~sneddmg rain
screen roof \A

Roof Space - Cold
Thelmal control

m o T,NT,YN (N
' ANV

\' Air control

layer

Interior - Warm
=
From Baker, M.; Roofs, 1980
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Futy-adhered water,
air and vapor control
mambrane

Poel and sick
ransition membane;
it el wnher control

Wood thocking
Parimesar of rool inssdason weagped n we
‘Gontrol membrane 10 block irfiow from roof
10 parapet
Fuly adhered roof membrane
/ Two (2) layers insulaton: joints
e horzorealy and wrscaly

Building Science Corporation
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Parimotar of 00! insdation wrapped in air Conro
membeane 10 biock arfiow from ool 10 parapet

—— Tapered rigd insulasion
Fully-adheced wates J — Groutand
ekt \ / | pampet CMU as per
/ structural
- Backar 103
Pacimater of rool sulation wisgeed o s
| control membrane 10 thock airfiow from roof
o panget
f Fully achered roof membrane
/ — Two (2) layers insclaton; jonts
|| | sgowed horzornaby and verscaty
£
Pa |
I
— Backer 10 10 1l
dabecton et and
dabond water and ar
Banrer
Building Science Corporation
Joseph Lstiburek 110
Parapet Sashing
Fully-adhored water — Yapered
- Backer rod
/ Parimeter of ool insulation wrapped in air contro!
membrane 10 biock arfiow from roof 10 parapet
| Fulty aghaced root meenrane
| Two (2) yers insulation; joints

Building Science Corporation

Building Science Corporation
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Fully acheres waner
Ar corod aper -
varanon muteare
water Contc et
&7 it e race r—
 Pervmeter of 100! audation wragped n e convod
/| e vo tiock wefow b oot 10 paapat
2% sy | Fully udhered root memeeara
b / Two (2)tayers insusation jonts
\ p / siagpered horzontaly e vertcady
Meray ] 1
Loteer st 1330 !
[
W, 0 v
coros mermbrane.
Frneatey Ny oot
Open s
steet it
Building Science Corporation
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[~ Cant
Engineerad wood blocking
Futy adhered root membrane

Backer rod fils gap
Puel and stck —
anstion membeane;
‘air and watee control

Fully-sdhersd waer,
a5 and vapor control
membrane

/- Perimatar of oot insulation wrapped in air control
mambane 1o block airfiow from oot %0 pampet

[ Two (2) layers insedation; joints

| staggered honzontaly and vertically

\ /7NN
L Air control membrane

\\ L Metal dock
N w-'“v
I ‘saghtly proud
of beaem)

Open wob stoel joist

Foerplass bat

Backer rod fils gap
Peel and stck

transtion membrane;
i and water control

Fully-adhered water,
a5 and vapor control
membaane

in air control

[ Two (2) layers insutasion: joints.
/ | staggered horzontaly and verticaly

Building Science Corporation
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The inside face of the
axtenior sheathing is
the condensing surtace
of interest 80

Buidng paper

Extarior sheathing
R-19 cavity insulation in wood o temperature
frameo wall

Temperature (°F)
»
&

ad T 1
| Dew gt e
20 | | ] LMISRRH, TOF “'A"'
|
Gypsum board with any paint o ——— 04 - + Dow point temp. 4 (V-
wall covering 1 M20%RH, T0F 1

0 1
APR MAY JUN JUL AUG SEP OCT NOV DEC AN
Month

FEB MAR APR MAY

Building Science Corporation
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The inside face of the
the e
of interest
r

Viood-based siding ————————f

7.5 rigid insutation

R-13 cavity insufation in wood
frame wall

Gypsum board with any paint or
wall covering

P S S e

Insulating sheathing is
condensing surace

Tomporature (F)

®
insulation'sreatnng intortace
Lo | I 117 temperature (R-7.5 shesthing
) shown in adjacent drawing)
50 o Mean monthly cuadoor
temperature
«
)
2 ! 4 -
Dew point temp.
10 | #35% RH, TOF

0
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
Month

The insicde tace of the root
sheathing forming the cavity
s the frst condensing surtace ——

0SB or plywood nad base for shingles ——

R-30 untaced batt ceiling insutation compr
L, m within 2x8 !1Mfuovdnmp spray allmowo« \
tted” dry biown of fberglass ——. \

ﬂ 5 rigd Insulation (veﬂuc:n and horizontal
joints offset from roof sheathing) ——

Sealant ———

\‘" root sheathing
Rpd
around roof ratiers ~— Gypsum board
and sealed — ceiling with semi-vapor

permeable (latex) paint

Vinyl or Caulking or sealant
aluminum siding
Rigid insutation (taped. Gypsum board with
shipiapped or - semi-vapor permeable
sealed joints) — (tatex) paint

Unfacod batt insulaon —

Building Science Corporation
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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)
3/8" sheathing over rigid ——___
insulation e
Roof sheathing ————_
Sealant

Rigid insulation =

notched around roof —
trusses and sealed

Underside of roof
sheathing is typically
the “first” condensing

surface

Vinyl or aluminum siding —»]

AVAYAY,

Rigid insulation
Building paper
drainage plane

1 Unfaced batt insulation

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

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
Rigid insulation

~— Unfaced batt insulation

Building paper
drainage plane

Gypsum board with vapor
semi-permeable (latex) paint

Building Science Corporation
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— End joint of cover strip b

— Membrane
/

/

Loakage around drain

r

'
¥ Waler fom preciplation

- Water can enter at
cover strip end joint
overlap

Fros Sk A1 Roche 1980

Building Science Corporation

Building Science Corporation
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/ Surface drain
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