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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
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Roof insulation -

Insulation wind baffle
2" minimum space

Water protection

membrane ——

Continuous
soffit vent —

Vinyl or

aluminum siding —————>

Rigid insulation

(taped or sealed joints) —

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

Continuous ridge
ventilation ———

e -

T =
_Attic ventilation

O

Lk

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

—— Consider increasing depth of
insulation by using deeper
trusses or oversized (longer)
trusses

~—— Caulking or sealant

~ Gypsum board with permeable
(latex) paint
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Leaky air handling unit
and supply ducts

Supply Return

@ & @ e

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.
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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
Joseph Lstiburek 10
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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
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Two layers of 2" stone —
wool insulation \

Zip (OSB) sheathing \ \

Fully-adhered —
membrane \

Asphalt shingles = 2x8 =\

2x6 N\
Stainless ‘
steel drip
edge
Cellular
PVC trim :
P—_ ]
, —q \
Colluar EVE tim . ) . Cavity insulation
<]
—
—
Wood siding L — Zip (OSB)
s y sheathing
<}
1x4 furring - ’- 1 2x6 wood frame

wall

W

Two layers of 2" stone ————— Cavity insulation

wool insulation

June 25, 2015

Plywood
>
Building Science Corporation
Joseph Lstiburek 13
Shingles
: Two layers
Roofing 2" stone wool
membrane Cavity insulation

Plywood Zip (OSB)

sheathing

microlams
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Map of DOE's Propused Climate Zones

Na Moist (A)

March 24, 2003
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Air Temperature Sun \\ Air Temperature
22 to 50°F

(-30to0 10°C)
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Hours of a summer day
From Baker, M.; Roofs, 1980

Building Science Corporation
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Hours of a winter day
From Baker, M.; Roofs, 1980
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Membrane

Insulation

Deck

Building Science Corporation
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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

N
N
NN
NN

NN

Adapted from Baker, M.; Roofs, 1980;
Courtesy National Research Council of Canada
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Joseph Lstiburek 20

© buildingscience.com

June 25, 2015

10 of 37



Roxul

Lstiburek

Roofs
Parapet flashing
Fully-adhered water - —— Tapered rigid
control membrane [ insulation

Air control layer
transition membrane

batt

— Cant
Wood blocking

- Perimeter of roof insulation wrapped in air control
|/ membrane to block airflow from roof to parapet
Fully adhered roof membrane

insulation

Water, air and vapor
control membrane;

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

fully-adhered f

Peel and stick

air and water control

ight gauge steel framing

batt

insulation

Backer rod fills gap

Peel and stick

(ms(alled sllghlly proud

transition membrane;
air and water control

Water, air and vapor
control membrane;

preferably fully-; adhoved

Open web steel joist

Deflection track allows space
for sheathing to move

Building Science Corporation
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Membrane

Coverboard
Insulation

Sheathing
Air barrier

Building Science Corporation
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Fully-adhored water
control membrane

Alr control layer
ransaon membrane

Fiberglass bat
Insulason
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Parapet flashing - 1

Fully-adhered water 1\
control membrane | 9

%/;4
7

%

Tapered rigid insulation
-~ Grout and reinforce
/ parapet CMU as per

| —Wood blocking

/ - Perimeter of roof insulation wrapped in air

| control membrane to biock airflow from roof
to parapet

J

= Fully adhered rool membrane

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

Fully-adhered water, —— m

. L2
air and vapor control L2224

membrane %‘/’}:
vz

Wllﬂ

V77

Peel and shck
transition
air and wnlor coﬂlroi

N\ _'“—Dellecﬂoﬂspaoo

N Backer rod to fill
deflection joint and
debond water and air
barrier

Building Science Corporation
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Parapet flashing 2\
'\y f Tapered rigid insulation
Fully-adhered water \i A - Grout and reinforce
conirol membrane 30 / parapet CMU as per
- [ / structural requirements
p—
=~ —————
[~ Backer rod
[ - Perimeter of roof insulation wrapped in air
| control membrane to block airflow from roof
| to parapet
r— Fully adhered rool membrane
Two (2) layers insulation; joints
| | staggered horizontally and vertically
y |
P |
|
Fully-adhered water. —— 55
air and vapor control
membrane
Peel and stick
fransition membrane; N
air and water control \
\ L, — Deflection space
R > Backer rod to fill
deflection joint and
N\ debond water and air
& barrier
Building Science Corporation
Joseph Lstiburek 25

Parapet flashing

Fully-adhered water —— Tapered righ

control membrane msmnon"w

Cant
Wood blocking

Air control layer -

transition membrane
Fiberglass batt —
insulation

Water, air and vapor—f
ane;

control membr:

preferably luIy—ed'lawd

Peel and stick
transition membrane;
air and water control

Fiberglass
insulation

Backer rod fills gap

Peel and stick -

control membrane; :
preferably fully-adhered

~ Perimeter of roof insulation wrapped in air control
| membrane to block airflow from roof to parapet

/ i Fully adhered roof membrane

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

Air control membrane

\ //\\
\— Metal deck
o Light gauge steel f”</ \
(installed sightly proud
of I-beam)

L Open web steel joist

~—— Deflection track allows space
for sheathing to move

Building Science Corporation
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Parapet flashing \
Fully-adhered water \ —— Tapered rig
control membrane ," .nsmnon"w
[~ Backer rod
’,'

X / 1~ Perimeter of roof insulation wrapped in air control
?r;mo‘rv':mbmm "" | membrane to block airflow from roof to parapet
Fiberglass batt | |/~ Fully adhered roof membrane

/ [/
insulation [ | Two(2)layers insulation; joints
{ / ,w staggered horizontally and vertically

Walec air and vapor— &

trol membrane:;
pvafembfy luIy—eduawd
Peel and stick

s *** :
= /1

Backer rod fills gap

Peel and stick———

transition membrane;
air and water control

Water, air and vapor —Eaa~H

Air conlrol membvane

\
'— Metal deck
P Light gauge siaei hammg
(|nslalled slightly
of I-beam) \

‘L Open web steel joist

~—— Deflection track allows space
for sheathing to move

Lstiburek
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Parapet tlashing

Fully-adhered water
control membrane

Air control laryer - a
transition membrane

Vapor permeablo
water control and
air control membrane
stip

2 Ib* speay
polyurethane foam

Dotwoan slee tuds

Walor, e and vapor
onnu, Tuby-adhered

//‘/"

-~ Backer rod
/- Perimeter of roof insulation wrapped in air control
/| membrane to biock airflow from roof to parapet
Fully adhered roof membrane
Two (2) layers insulation: joints
staggered horzontally and verticaly
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Parapet flashing
Fully-adhered wal
ully- 'ml waler 1,‘,"7;‘ rigid
| Polypropylene mesh supporting
Air control layer fashing
transition membrane
Gap in membrane to allow
drying by vapor diftusion
7 '~ Backer rod
ff:/;///' / Pmmmmmmmnumlm
(7777 / membrane airfiow to parapet
2 bt spray %3 —tt r :&mem&'fm
polyurel foam 7:’ 4 \ ) / [ —Two@ ) ”;“P"v:m
Metal tzzzza | | N 7 I
between steel studs Y] 3 Y
7
Zd ﬁ
(7 |
.\ T
ator, air and vapor — 3 =
control membrane; /
e eec S
L
Open web
stood joist
Building Science Corporation
Joseph Lstiburek 29
—Cant
/ — Engineered wood blocking
/" ,r” — Fully adhered roof membrane
/ / / /~ Perimeter of roof insulation wrapped in air control
/ | membrane to block airflow from roof to parapet
[ [ ,' 4 r— Two (2) layers insulation; joints
/ / / | staggered horizontally and vertically
Peel and stick
transition membrane;
i and viater contrel N/ N/ N/ \_/\_/
\ \ //N\N\
\\ | Metal deck \— Air control membrane
™\
Light gauge steel framing
Fiberglass batt ———— (installed slightly proud
insulation of I-beam)
Backer rod fills gap —euss \ \
[ T
Peel and stick \
transition membrane; \— Open web steel joist
air and water control
\ " Deflection track allows space
for sheathing to move
Fulty-adhered water, —L£LLL4
air and vapor control
membrane
Building Science Corporation
Joseph Lstiburek 30
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— Fully adhered roof membrane
—Perimeter of rool insulation wrapped in air control
/' membrane to block airflow from roof to parapet
Two (2) layers insulation; joints
staggered horizontally and vertically

Peel and stick 3
o

air and water control

— Air control membrane

7 | = u 7
| : L Metal deck
5 X Light je steel frami
Fiberglass batt - o - (l&lag;‘ggsbghﬂy proudng \
insulation / -- § of I-beam)
4
77l
Backer rod fills gap // \

L
Peel and stick
transition membrane; 7//
air and water control /
v
Fully-adhered water, — 4

air and vapor control (777771
membrane

Open web steel joist

Deflection track allows space
for sheathing to move

Building Science Corporation
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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
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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
zone returns to AHU by
passing through deliberately | occu
porous dropped ceiling or

through return grilles

installed in dropped
ceiling——

Air handling unit extracts air from dropped
ceiling, conditions it and injects it into the

pied zones via supply ductwork

Dropped ceiling
depressurized by
air handling units
extracting air from
dropped ceiling

ir handling

unit ‘@“l

r——

Air handling
@ unit Y
= '3

(e 2

+ Occupied
1 1
! 1)
Y I

=t e = A

> ———pl
[
i
[
[
[
[

Zone

[

4

[

[
R T S VN

— A
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Brick veneer

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

Corrugated metal
roof deck

Membrane roof
/ Rigid insulation

Building paper

Interior gypsum =] >
should extend to 1
underside of

2
roof deck and | " Return plenum operates
be sealed R l under negative pressure relative @
A to occupied space and exterior

C

1C )€

Exterior sheathing

Metal stud wall

\]

Cavity insulation >

= r
N Suspended ceiling \
Top chord bearing roof truss

«————— Interior gypsum

Building Science Corporation
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Ballast (rock, pavers, earth)

Filter fabric

Extruded polystyrene
W&&p msulatlon

Sloped concrete topping; slope
minimum 2% to drains

A A AV A AV A AV AV AYAYAYAYAVAYAYAYAVAVAVAVAVAVAVAVAVAVAY. VaVAVAVAVAVAVAYAVAVAVAVAVAVAVAVAVAVAVAYS VA%

A {
“ .. <«———Concrete structural deck
& - Drainage gap, i.e., drainage mat
or grooved insulation
Fully-adhered roof membrane
Building Science Corporation
Joseph Lstiburek 37
Pavers

Pedestals

Insulation

Drainage space/
drainage layer

Sloped concrete
roof deck

Roof membrane
(water control
layer/drainage
plane)

Concrete
structural deck

Building Science Corporation
Joseph Lstiburek 38
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Planting
medium
Drainage layer/
protection layer

Insulation

Drainage space/
drainage layer

Sloped concrete
roof deck

Roof membrane
(water control
layer/drainage
plane)

Concrete
structural deck

June 25, 2015
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Concrete
curb or paver

Planting
medium

Filter fabric

Root barrier

Sloped
concrete
topping

Water retention
Concrete layer/vent and
structural drainage layer
deck

Insulation

Drainage
space
Roof membrane
(water control layer/
drainage plane)

Building Science Corporation
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Plaza Decks
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Open paving Removable for drain

cleaning
[ - .6
[ é

—

Closed paving with surface drainage

From Baker, M.; Roofs, 1960
Courtesy National Research Council of Canada

Building Science Corporation
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Open paving — Pedestal
| — Filter fabric

Extruded polystyrene rigid
insulation (XPS)

Waterproof /
membrane
Drainage mat J
Closed paving with surface drainage
[ Pedestal
/ — Filter fabric
/ /— Extruded polystyrene rigid

/ / insutation (XPS)

Waterproof - |
membrane

Drainage mat SE—

Building Science Corporation

Joseph Lstiburek 50

Lstiburek © buildingscience.com 25 of 37



Roxul

Lstiburek

Roofs

Building Science Corporation
Joseph Lstiburek 51

Building Science Corporation
Joseph Lstiburek 52

© buildingscience.com

June 25, 2015

26 of 37



Roxul

Lstiburek

Roofs

Osmosis

Building Science Corporation
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Paver

Pedestal
Filter fabric

Extruded polystyrene rigid
insulation (XPS)

P 4 oA s Aoa A SoA » ‘oA 4 LA A
< - ‘4 \ i T a < < <
A <1 A f .(1 ) A il A A A P A
Concrete slab J
Membrane

Building Science Corporation
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Top of membrane
Vapor is wet
diffusion

Building Science Corporation
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Vapor
diffusion
Pore condensation
dissolves minerals
creating solute
AoA A A A
< B <
A ] A <]

Building Science Corporation
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