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No wind

Effect of shelter Unbalanced load
Wing
—_— Wind or no wind
>30°
Drift on lower roof Slide off

From Baker, M. Roots, 1980

Building Science Corporation

Joseph Lstiburek 11

—

Wind across the comar of a roof -
produces a vortex spreacng along
edges from the wincward comer

Building Science Corporation

Joseph Lstiburek 12

Lstiburek © buildingscience.com 6 of 112



University of Toronto

Lstiburek

Roofs and Attics

Building Science Corporation

Joseph Lstiburek 13

HGh paveget

- » A W | ) V-
Conrmny Unvaraty o Tt

Building Science Corporation

Joseph Lstiburek 14

© buildingscience.com

May 16, 2016

7 of 112



University of Toronto Roofs and Attics

Lstiburek

Building Science Corporation

Joseph Lstiburek 15

o Low upkft - Low uplft

Flat roof with parapets Sloped roof with parapets
blow-off hazard: low blow-off hazard: low
slppage hazard: low slippage hazard: medium

High
/’I;':pm upit

=

Flat roof or overhang Qutward sloping roof
blow off hazard: high blow-off hazard: high
slppage hazard: low shppage hazard: high

From Bakec, M Rools, 1980
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Wood cant adhered to
insulation with asphalt
Two layers of rigid insulation X
joints offset Busit-up roafing -

<L ',’».}‘J;',_}.".;x"\ 53 S S

Adagdod from Baskev, M., Rools, 1580

Metal flashing

Wood diocking fixed
10 face brick
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Insulation moved because of —,

poaor adhesion to deck and \

between layers '||

. P o - X e Top four courses
- — - - NN of brick and wood
blocking pulled
inward by
I confracting

membrana

Acapéed fom Bakev, M Rools. 1980,
Courtesy Natonal Research Counal of Canada
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Approw. " gap 7 Shost metal joint cover plate
S 04 n T Dty of soniant
Maximum Hghrdomed, capped,
12 ogn oaskatnd lastnoon

Fasten bass flashing
approx. §°
‘Wood cant laatened
20 eNGINIened wood
lv
Engmeced
wood boding Extnndt marrtrane bass Aashing
1" below appron. 4° Deyond 10e of cant
Blacking « Multi-ply momtenng
base Nnhing
= Porimeter of roof inscbintion
POed In & contol
Cordnuous
<lox

Nuttiply s roof
membmne

e Coverbionrd insulasion

Thormal insulation
Corcrotg dock
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— Membrane (water control layer, air control
layer, vapor control layer)

—— Protection board

—— Thermal control layer

]

Vapor

v

Profile

4 7 Nl N NS

— Membrane (air control layer and
vapor control layer)

— Gypsum board
Metal deck

v
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Membreane closure
sinp

Sealant

Insutated metal

panel

Fully-adhered roof membrane

Perimeter ol roof insulation wrapped In alr control
membrane 10 biock airflow from roof to parapet

Protection

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

Metal dock
Gypsum sheathing

Air control
membrane

Open web

steel joist
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It's a Case of Black or White
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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”
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Supply air into occupied
zone returns to AHU by

Air handling unit extracts air from dropped

ceiling, conditions

it and injects it into the

passing through deliberately | occupied zones via supply ductwork

porous dropped ceiling or
through return grilles
installed in dropped

Dropped ceiling
depressurized by
air handling units
extracting air from
dropped ceiling
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Air barrier s
to prevent a

ystem not present
ir from being extracted

from roof assembly

A7 Corrugated metal
- roof deck
Brick veneer —» |
= Membrane roof
/
- / Rigid insulation
Building paper [

Interior gypsum
should extend to L
underside of

roof deck and 7/
be sealed :
// //
/ /|
Exterior sheathing v
/
Metal stud wall - >
7
Cavity insulation > >
/[ /

-t )

( Return plenum operates
under negative pressure relative @
to occupied space and exterior

C 1C

\ Suspended

ceiling

Top chord bearing roof truss

«—— Interior gypsum
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Va— Gravel protective

/ cover
Top pour
: TR\ Felt ply

4 ’ : . X R Interply layers
. . \

= Adhering layer

4 < 4
4 A A 5 Fal

«—— Deck, insulation
. or cover board

From Baker, M.; Roofs, 1980
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“Bister”
Fiverboard
covorboard Modifed bituminous
systom (MBS) covering
Two-ply
Duilt-up asphait

ool mambrane

Polyisocyanurate Flsed steel
Insadation rool deck

Concrete
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Solid Liquid
(ice) - Fronze (water)

Frost Condense
Sublme Evaporate

Gas
(vapor)

Adsort Desod

Adsorbed
(surface

layers)
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Joseph Lstiburek 69

Moisture Transport in Porous Media

Phase Transport Process Driving Potential
Vapor Diffusion Vapor Concentration
* Adsorbate Suface Difiusion  Concenvaion
Cligud CapilaryFlow ~ SuctionPresswe
Osmosis Solute Concentration
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Monolayers of
adsorbed water
increase with
Increasing RH
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Monolayers
flow along surface
following concentration gradient
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Monolayers of
adsorbed waler
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Masoary (reservor’)
Foltaced 1berbiass
Varket" insuaton

Rain water
strikes wall

Fod s intarior
Vapor Darmier
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Acrylic latex paint layer (vapor
open, minimum 15 perms or
greater at 9 mils dry film thickness)

Expanded polystyrene (no facings)

Painted gypsum board (latex paint;
no wall coverings)

Air space

Metal channels (EPS is
continuous behind metal
channels)

Building Science Corporation
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Two plies of
mopped falt

Roofing membrane

Deck or air
control layer |
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Root shaatting
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Metal valiey flashing — Cione
with total widthof | secton
at least 24" \ through metal valley
'3 retum — \
Cleats

spaced —|
every 127 \

Shingles should be

cemented over valley:
Building Science Corporation

not nailed through metal
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Rigid insulation
thermal break
Unfaced cavity insulation installed
over blanket insulation between
thermal breaks

Metal roofing

Nt

|—— Blanket insulation draped
over purlins

Purlins

Blanket Insulation Purlin Roof System
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Exterior face (water control layer, air control
layer, vapor control layer)

Thermal control layer

)

Vapor
Profile

Interior face (air control layer and
vapor control layer)

Insulated metal panel

Building Science Corporation
Joseph Lstiburek 98

Lstiburek © buildingscience.com 49 of 112



University of Toronto

Lstiburek

Roofs and Attics

Panel clip

Male rib

Roof panel \

Female rib

Roof panel

Tongue and groove
interior joint
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1 1
2 srucare — 3 '
Inside; okay, not h
the trusses but 1 | O Q !
you know what ¥ . ]
| mean 1 1
: :< Veralated
Vertlated —._ [
claddng “ 1
Thermal control 4. 1 Al services
layor outsido of 1 A | inside; afl, not
airandvapor | | some.aland|
control layers | 1 really mean it
1 1
Continuous ar 8. 1
control and vapor] | ™ 1
control kayer 1 1
outside of 1 1
e e

Building Science Corporation

Joseph Lstiburek 101

Thermal coneris eyer ——

Warter controdmr comtrd
VapOr COnersl Myer

Genvice spece

Irteccr wng

Oevgoed coling —
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Roof insulaion -~ —

Insulation wind baffle

2 minimum space - —__

T

Continuocus 5
soffit vent —

Vinyl or

aluminum siding -

Rigid insutation ;
(taped or sealed joints) —

Unfaced cawty insulation,
celivlose or low-density
spray-applied foam ~—

Continuous ridge
ventilation -

—

—="" Aftic ventilat

Gypsum board with vapor

semi-parmeadle (latex) paint

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

T~ Caulking or sealant

Gypsum board with permeable
(latax) paint

Building Science Corporation
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Leaky air handling unit
and supply ducts

Depressurized conditioned space
inducing infiltration

u L\

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

T TN T

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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Roof - -
sheathing \

Minimum R-50 rigid —————_

insulation in two or more N Sh.lngles N
layers with horizontal and . Roofing A
vertical joints staggered \ paper

Plywood roof sheathing ———._ N

Roofing membrane (vapor
permeable liquid applied or ~
roofing felt)

Vented space

— Air control layer/
vapor control layer

"~ Wood decking

~— Timber rafter or
exposed joist

Building Science Corporation
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Fully-adhered roofing membrane ——

Coverboard and hygric buffer ——— |

Rigid insulation (min. two \ \
layers; joints offset) \

Screw ——
attachment

/

] Screw /
Gypsum sheathing —/ / \ attachment
(paperless) / \
/ \— Metal deck

Fully-adhered air control
layer/vapor control layer
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Fully-adhered roofing membrane ——
\

Coverboard and hygric bulfer —— \ Intermediate plywood —
86 \ \\ layer; joints sealed \
rew attachment — \ \
to intermediate \ \ Screw attachment 1\ \
lywood layer \ \ to structural deck | \
ply \ * \ \
L
' X L)

/
ngld insulation s / / ‘\ attachment
/ [ \
Gypsum sheathing f \
(paperless) [ — Metal deck

/
Fully-adhered air control ——/
layer/vapor control layer
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Fully-adhered rocfing membrane ——

. \
Coverboard and hygric buffer — \ Intermediate plywood —

Venting layer \ \ \ layer; joints sealed \
\ \ \ Screw attachment \

\ ) to st | \ \

\ ructural deck \

AT ] R , 0 - - WA WWa . — .
\'u’ [VAVAY] VAVAVAVAY 'J \/ \A"J V\J (‘J WA AVAVAVAVAVAVAVAY) \J ‘vn\a( JUVVURY VAV J-\J ‘J\\X VALY, \QFU \PAYAY,

: L

f

/

N

‘o . Screw —!
Rigid insulation / / \ attachment
f \
Gypsum sheathing ———/ / \
(paperless) ,’ \— Metal deck

Fully-adhered air control —
layer/vapor control layer
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234 puortng in two leyers. ower
purfing fastaned 10 metal dock:
uppar purhng lastenad 10 iowes
puriias.

Seel angio with Sat oxlanson sorned
wnder lap in membrane and fastencd
50 plywood shenttng

Tuanium dadang

Shp sheet

Paperess gypsum shoathing

177 (38 mm) ngid vaulaton
Fuly-aghored, single-gly EPOM
marnbeand 367 (914 mm) wide
it 5 (152 mm) lap

Metal purtng %or cladding

Mambrane aif barrar
175" (38 mm) rgid insulation
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STachment 82 247 (610 mew) 0. // Membesos
;: / Gypsum sheathing
Maotal deck
Y19 o) plywood lashered
© puring
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Fuly sdtwred segle oty EFOM
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Mt pursen Sor clagdng
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lce dam ~

Melt water
running under

thmloeslab -~

Thin ice slab
under snow —\~<
3
~o=—— Melt water running
down underside

/
o \\
of sheathing
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- Warm air is
T trapped by
overhang
’».,"Zp "90,' "
04?0;"% N t -I— Cladding
N . t warms air
N

{7
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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
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~—CONTINUOUS SEALANT
AT THIS LOCATION WOULD
HAVE PREVENTED FAILURE
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s~ ROOFING PAPER

/ — Two LAYERS OF 2* THicx (R-28)
/ ISOCYANURATE RIGID INSULATION
/ {J0INTS CFFSET/STAGGERED
/ /| WORZONTALLY AND YERTICALLY)
/ / 0SB SCREWED THROUSH TWO
/ / LAYERS OF RIGID INSULATION
/‘ / wro SIP

SIP (Maxmum 8°
or EPS AT R-32)

|
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Legend
—e—— Upper level air flows
~a—p- Lower [evel air flows
e~ Air flow at panel joints
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Legend
e ppart level ar Nows
- LW level At ons

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

Fully adhered membrane air barrier
Gypsum sheathing
Fluted metal deck
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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 T = \

Roof sheathing =
lant Underside of roof
e 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 o0 nam van?:;nu!;ogge\:)ith Yapor semi-
B O

Building paper P pa

drainage plane
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10 £t within 2x0 rahers or camp opray colulose o \ =
“netted” dry biown callulons of 1berglass — \ \
RS rigd Insulation (verscal aed honzonted ) ==
pins cliset from roof sheathing) —
\

Sedont ————__ o
roof stanthing

Rigd insulaton \ N3

around rock raftees ~— Gypsum board

anc sealed—— ceiling with sermi-vapor
pormaable fatex) pant

Vinyl ot S~ Cauking of sealan!

alumirum sidng

Rigd irsufation (Laded. - Gypsum board with

shiplaposd o . s SETE-VIRO! D meddi

sosded joins) > J (latex) paint

/'/
Untaced batt irsulation

90 — Mean monthly ‘
\ outdoor temperature
f |
80 P ™\ ——+- First condensing surface |
’ temperature (underside of
20 roof sheathing) if R-5 rigid |
\ insulation is installed over
60 Dew po:l '_t'en;pe::ahne roof deck
© at 50% R.H., 70" —jL /
~ 50
o |
£ w
g
§ 30 Dew point temperatur A
= at40% R.H., 70°F
20
10 !
0
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
Month
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The insde faca of the roo!
sheathing forming the cavity
i the Srst condensing surtace —
IS8 or piywoos na base for shingles ———__ \\
R-30 unfaced batt ceilng nauation compressed ™, \
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Roof insulation ———— _

Insulation wind batfie
2" mirémum space

ventilation

\ (taped or sealad joints)
, N
Continuous ~ Gypsum board
soffit vant
Vinyl or ~—

W- “—— Caulking or sealant
Higld Insulation - Gypsum board with semi-vagor
(taped or poermeable (latex) paint
sealed joints) — /

Canity insulation /
with vapor 25
retarder backing
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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
Rigid insulation

Building paper
drainage plane

— Unfaced batt insulation
~—— Gypsum board with vapor

semi-permeable (latex) paint
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18" wide membrane strip
under parapet folded Air barrier

top plate

Metal cap down over exterior
rigid insulation ?,‘T:’e"r:"‘g;’:‘%
—— 8%‘;"9 wedge r%?dﬁngmijn cvoe'
cold a
OSB sheathing —— I Rubber roofing climates; house-
Scupper———— || membrane wraps, pulking
) _3 % Rigid insulation other climates)
Sealant ' """""""""""""""
] (011 gyt 117 (1 (][
ngld insulation :IF 4 1{\ 1{\ 1{\ 1{\ 1‘\ n 1(\ noi _. oo i /'l n
OSB ] \ll,l!l'l|'l|ll : ‘\III\II\‘ Nt \I\‘I\“\\Illf\
Cavity insulation 7, -m l U “1 " ]I.J u’ TIRTN "
Sealant Il. =ttt
A
Polymer modified (PM) — [F——1 | Gypsum board with semi- =
or traditional cement permeable (latex) paint §
- Sealant, adhesive or gasketat  *y

break over drainage
plane

stucco 3 2
Metal lath it

Cavity insulation
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Metal cap

18" wide membrane strip under
poasrgpet folded down over exterior

Coping wedge
OSB sheathing - oS8
Rubber roofing
N | membrane \
Scupper — 7 SErs e EsS 'T;_:"T-:;,,.'f./:
Two layers OSB [y g s
i
High density spray e 2
foam insulation & 2~ A e el g S
X .
Polymer modified (PM) or —»{| \ " “— Gypsum board with semi- §
traditional cement stucco permeable (latex) paint §
—— Cavity insulation .
Metal lath Sealant, adhesive or gasketat  —
> top plate
Building paper bond break—¥ " . - Caulking or sealant
over drainage plane ~ Cavity insulation
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Map of DOE's Propused Climate Zones

Manh 24, 200
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Asphalt shingles -
Roofing paper
Roof sheathing
Raised heel truss
Rigid foam, or comparable, — \
as backdam %
Soffit Non-occupiable
space
Roof underlayment
sealed to drip edge
LGypsum board with latex paint
(acts as thermal barrier separating
occupiable space from non-occupiable
space)
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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 " semi-permeable (latex) paint

drainage plane
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Asphalt shingles

Colular
PVC tnhm

Calular PVC tnm

Wood siding

1x4 furring

Two layers of 2° stone
wool insulation

28

Two layers of 2° stone
wool msulation
Zip (OSB) sheathing

Fully-adhered
membrane

Cavity insulation

Zip (OSB)
shaamhing

2xB5 wood frame
wall

Cavity insulasion

Plywood
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Shingles ——,
Dense glass — \

gOld at fidge \\\\\ 7 o2x2 Iraming
\ O\ ,’/

Plywood = \ //— Two layers

Roofing —— \  \\ // 2" stone wool

\ / o .
membrane & ,— Cavily insulation

Plywood — CAd
g \ N — Zip (OSB)
. \sheathing

N

Two 2x14
microlams
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