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What is a Building?
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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
Building Science Corporation
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Cladding |>_
Control layers =

Structure -
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Wall

Slab Roof
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Roof
H Wall
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Roof
H Wwall
Slab
Building Science Corporation
Joseph Lstiburek 12

Lstiburek © buildingscience.com 6 of 41



Monument Builders Enclosures September 22, 2015

. Parapet
1
: Roof
: Wall
Slab
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Parapet
1
: Roof
: Wall
Footing Slab
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Footing Slab
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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

Concrete block

Metal channel or wood furring

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

-

Vapor Profile

e
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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
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Brick veneer/stone veneer ———————

Wi

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

AL

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

Insulated wood stud cavity

A

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

i
|

-

Vapor Profile
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Commercial Enclosure: Simple Layers
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Building Science Corporation
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Building Science
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Building Science Corporation
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Target Range |
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Uncomfortably !
Dry* i
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Relative Humidity (RH) %
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Water Vapor Permeance vs. Relative Humidity
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Water Vapor Permeance of Sheathing Materials
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Water Vapor Permeance of WRB’s
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Sorbtion Curves for Hygroscopic Materials
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Sheathing

Penetrating
Water

Building Science Corporation

Joseph Lstiburek — Rain Control 66
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Rain Screen

Building Science Corporation
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Building Science Corporation
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Beer Screen?

Building Science Corporation
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Building Science Corporation
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Rockwool

1x3 furring @ 24” o.c.

#10 screws @ 16” o.c. vertically
Result: 20 psf cladding weight
with <2/100” deflection
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Building Science Corporation
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Steel studs

Second layer of z-bars
should be installed
perpendicular to the first
layer; orientation of the two
layers will depend on the
requirements of the
cladding attachment
system.

Metal panel

First layer of z-bars embedded in the
insulation layer; should the first layer be
installed horizontally, the exterior leg
should be turned down to promote

drainage to the exterior.

Building Science Corporation
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Steel studs
Sheathing

Fully-adhered air and
water control layer

Continuous insulation
layer

Cold
formed
clip angle

Metal panel
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Expansion of Conditioned Space

« Conditi space ies moving
exterior surfaces of building
+ Garage isolated from house by air barrier/pressure boundary
+ Garage i and conditi i y of rest of
conditioned spaces

Building Science Corporation
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Mechanisms of Flow

+ Liquid Gravitational = Hydrostatic Pressure
Capillary Suction Pressure
Osmosis Solute Concentration
» Vapor Diffusion Vapor Pressure

Convective Air Pressure

Building Science Corporation
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Al HEAD
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Lstiburek

Roof overhang screens wall
(deflects rain)

Site grading slopes ground away from
building over entire perimeter
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Ground away cover acting as both
rgm“mm apeace an air barrier and a
<«
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Building Science Corporation
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x EXTERIOR SHEATHING
WOOD STUD WALL > < HOUSEWRAP / WRB /BUILDING PAPER
SUBFLOOR
- < WATERPROOF MEMBRANE
v SEALANT
TAR PAPER AS BOND BREAK
CONCRETE PORCH
BAND JOIST x|
TREATED MUDSILL—— _—H Y

FOUNDATION WALL —{—> ¢
47 STONE PAD (NO FINES)

UNDISTURBED / COMPACTED EARTF
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WOOD STUD WALL
SUBFLOOR ——

l
i

BAND JOIST

E

«—— EXTERIOR FINISH
——— 1" INSULATING SHEATHING

WATERPROOF MEMBRANE

~——— TAR PAPER AS BOND BREAK

SEALANT
CONCRETE PORCH

é

TREATED MUDSILL—

> et

FOUNDATION WALL —

4” STONE PAD (NO FINES)
UNDISTURBED / COMPACTED EARTH
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Sae Figure 4.4 \ =

Garage foundation
(Isolated from basement
foundation for frost

'~ Perimeter drain
pipe around
exterior of garage
foundation

basemer
foundation \
The diamond
shaped joints may  §~
be omitted if column
foolings are below
floor level and the

break the bond —— %=

Concrete
foundation wall

control joints.
\\
-

Basement
foundation

e dnmand

‘—l Perimeter drain
pipe connected
10 sUmp

Through footing pipes
connect granular drainage
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Lstiburek
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Internally Insulated Externally Insulated Basement Insulated in  Basement Insulated Both
Basement Basement the Middle Externally and Internally

Building Science Corporation
Joseph Lstiburek 16

© buildingscience.com

8 of 59



Monument Builders Foundations Septembe 22, 2015

Structure of house on 4—
foundation must be

shifted outward to com- <«
pensate for thickness

of exterior insulation L

Protection layer/system

Building Science Corporation
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Calculating capillary rise

Building Science Corporation
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Capillary rise versus diameter

100 1
90 4
80 1
70 4
60 4

50 4

capillary rise [inch]

40 H
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20 +

10+

t t T T T T y y y 1
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
diameter [inch]
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Capillary Flow

Siding laps
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Concrete slab

Polyethylene
vapor barrier

Granular
capillary break
and drainage
pad (no fines)

Lstiburek
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Capillary break on ——»|

exterior foundation wall

Capillary break under
’/ slab

Building Science Corporation
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Gypsum board thermal
barrier necessary when
rigid insulation is not rated
for exposed application

Gypsum board over

furring strips

Sealant

Gypsum board held up from
slab

Polyethylene vapor barrier

Granular
capillary break
and drainage
pad (no fines)
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Sealant, adhesive or

Ground slopes away-
from wall at 5%
(6in. per 10 ft.)

gasket

Fiberglass batt insulation
Sealant

Sealant, adhesive or gasket
Sill gasket
Concrete foundation wall

Unfaced extruded or

expanded polystyrene rigid
insulation (semi-permeable
with taped or sealed joints)

Gypsum board thermal
barrier necessary when
rigid insulation is not rated
for exposed application

Gypsum board over

furring strips

Sealant

Gypsum board held up from
slab

Concrete slab

Granular
capillary break
and drainage
pad (no fines)
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Continuous fillet bead of urethane:
sealant between 2° XPS bond break
and foundation wall

2" XPS rigid foam siab
insulation

Continuous fillet bead of urethane
sealant between 2° XPS bond break
and concrete slab

2" XPS bond break ————————————
4" concrete slab with weided wire
mesh placed at mid-depth

6 mil polyethylene vapor barrier

capdlary
dry tack-free) applied on top of footing
prior to placing/casting concrete

Building Science Corporation
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Rigid insulation

Sill gasket

Concrete stem wall

Concrete footing

Building Science Corporation
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Sealant, adhesive
or gasket (typ.)

Drainage plane

/— Sealant

Sill gasket
(capillary break)

3/5" fibercement

Building Science Corporation
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M)

Drainage plane

T

M

Sealant, adhesive
or gasket (typ.)

A

3/s” fibercement

Sill gasket
(capillary break)

Building Science Corporation
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Capillary break

A LaaussassaA
nu.w.wwmww =GOS |1 Spray foam

- 1'/;" steel stud assembly

Concrete wall

(—Sﬂludmnlluukw
capilary break
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Lstiburek
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Remove

demising

wak Crawlspace
Remove S Add column
windows
and infill

openings
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Frame

+————— Plaster/lath interior lining

Clapboards s [t} -
- Blown cellulose cavity fill
el Timber frame
i — 3 thane foam
Board sheathing (32 ma;\; gonzryr)e hane foa

L —— Intumescent coating

—— Membrane capillary break/
L drainage plane

Concrete patch

Existing slab

( Epoxy top coat

Building Science Corporation
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3" spray polyurethane foam
(2 Ib/ft® density)

1'/2" metal stud wall

Gypsum board thermal barrier

— 34" drainage mat (filter fabric side

facing up)

r New concrete slab

— 2" extruded polystyrene (XPS)

Building Science Corporation
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Vapor semi-permeable assembly
allows moisture to pass in a
slow, controlled manner

Plywood subfloor

Top-side epoxy coating

Extruded polystyrene; unfaced,
no polypropylene or foil facing

1x4 furring (16" o.c.)

Z f
=== V4 e
I 7 o
e o o
AN - o PAY p o PA) N ond A z ot Z
¢ B © ? Concreteslab  * 2
g o g 4 g by
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Carpet or wood 00r (avoid viey! floor
nv"'rﬂ\oomomndb'::zq‘w g

Vapor pressure on top of© -
slab and under slab
equalizes, thereby stopping
capillary transfer of water

and soluable mineral salts
(moisture content in air
“space and under slab
remains the same;

L.e. “wiet")

Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 89

[ Vent stack

Congrete siab

Polyethylene vapor
barrier

Sealant at all slab
netratons

Granular drainage
pad (no fines)

Porforatod drain pipe added

1o “T" in order 1o couple sub
slab pressure field to vent stack
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Lstiburek © buildingscience.com 45 of 59



Monument Builders

Foundations

Septembe 22, 2015

¢ )

Roof ﬂashlng—7

)

—~C

|&—— Vent stack

Polyethylene
mechanically
attached to
foundation wall
perimeter and
sealed

vapor barrierr/ai: bar’ner

(all joints taped)

Perforated drain pipe trench
covered with course gravel
(no fines)

Sealant at all penetrations in
air barrier

Perforated drain pipe al perimeter

connected to vent stack

Building Science Corporation

Joseph Lstiburek 91

Roof flashing

Sealant at all
penetrations in
air barrier

«—— Vent stack

Polyethylene
vapor barrier

/— Concrete slab

e DT
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Capillary Moisture Flow

Stucco Unfaced batt insulation

Building paper —— Interior gypsum board

Plywood
Mold on gypsum board

Bott late di
ottom plate decay Impermeable floor covering

(vinyl)
Concrete
|— slab
— I

— Mold under floor covering

Ground saturated
adjacent to slab
foundation due to
irrigation water
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Lstiburek

© buildingscience.com

50 of 59



Monument Builders Foundations Septembe 22, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 101

Building Science Corporation
Joseph Lstiburek 102

© buildingscience.com

51 of 59



Monument Builders Foundations Septembe 22, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 103

Building Science Corporation
Joseph Lstiburek 104

© buildingscience.com

52 of 59



Monument Builders Foundations Septembe 22, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 105

Capillary break under
framing (polyethylene
strip)

Latex paint (vapor
permeable, but water
repellent)
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Rigid insulation
(taped or sealed joints)

Polymer modified (PM) or
traditional cement stucco

Lath
Tyvek® Stuccowrap™

2x6 wall
Unfaced batt insulation

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

Sill gasket

Weep screed

3/g" Hardiboard:; all
surfaces coated

—— Sealant, adhesive or gasket
Protective membrane also acts
as capillary break
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Rigid insulation
(taped or sealed joints)

Tyvek® Stuccowrap®

Fire-rated gypsym board —»

4" concrete slab

Polyethylene vapor —
barrier under slab

4" granular capillary
break and drainage

2x6 wall
Unfaced batt insulation

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

Sill gasket
) / Sealant, adhesive or gasket

pad (no fines) —

Polyethylene vapor barrier
extended under grade beam
Mmm it also acts as a capillary

Building Science Corporation
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Brick veneer 4%
Air space

Rigid insulation
(taped or sealed joints)

Stainless steel nails as brick
ties (penetrating insulating _\
sheathing into frame wall)

Flashing under
rigid insulation
Protective membrane

also acts as flashing and
capillary break

Weep opening (open
vertical joint every other N
brick)

o\

— Unfaced batt insulation

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

Sealant, adhesive or
gasket

" Concrete
Sill gasket rslab

Fiberglass tie ——
LR i
L g

Granular capillary

Ground slopes away break and drainage

:rsol_-n wall ?:) 5&'/; pad (no fines)

in. per Rigid i i

Concrete grade beam C

for brick veneer beam b9|°gvr,a ce
frost depth

A Polyethylene vapor

diffusion retarder
extended under
grade beam where
italso acts as a
capillary break
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Capitary broak
113" righd insulation
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Outside Inside
70°F
O°F \ Dewpoint
— (50% RH, 70°F)
Location of

<
. condensation
Exterior —>» and frost
sheathing
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Building Science Corporation

Joseph Lstiburek 3

Sensible Heat

Latent Heat
Energy

Sensible Heat

Latent Heat

14.2 JIg/K Vapor

2250 J/g

/142 J)g/k Liquid |

333 Jig

2.1 JIg/iK Solid

I I
273 373

Temperature (K)

Simple linearized energy-temperature relation for water
From Straube & Burnett, 2005

Building Science Corporation

Joseph Lstiburek 4
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Building Science Corporation
Joseph Lstiburek 5

The inside face of the
exterior sheathing is
the condensing surface

of interest 80
70 + Dew pointtemp. | 1
at50% R.H., 70°F 1
Wood-based siding [ »
&= 60
Building paper == ey
= < 50 - N N —
Exterior sheathing é — £ Mean monthly outdoor
D 2
R-19 cavity insulation in wood /‘ - g 40 1~ tomperature
frame wall e b4
i — € ofb + 1+ | | | 1\
o= L Dew point temp. -
ZP =) 20 I | lat3s%RH,70°F _=j= ===
= \
Gypsum board with any paint or Z % 10 | . 1 1 Dew point temp. | L W— I |
wall covering 1 ——D at20% RH., 70°F

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

Building Science Corporation
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The inside face of the

insulating sheathing is
the condensing surface
of interest

Wood-based siding

R-7.5 rigid insulation
R-13 cavity insulation in wood

frame wall

Gypsum board with any paint or
wall covering

80 T T
[ | | |
70 ~ - —
/ | temperature (R-7.5 sheathing,
/ | R-13 cavity insulation as
60 / £ shown in adjacent drawing) —1
¢ 50 / Mean monthly outdoor—/ N . /7
@ temperature
3
T 40
é 30
e
20 | — S S I — 1 1
Dew point temp. —/
10 at35%RH,70F_| |
| | |

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

Month

Building Science Corporation

Joseph Lstiburek 7

2.4
2.2

2.0

.8
e =

SATURATED V.P FOR MEAN
OUTDOOR AIR TEMF!a

[ WINNIPEG

— WETTING POTENTIAL &7
— DRYING POTENTIAL 7O

T I I T

V.P INSIDE

FoR WELL
NENTILATED
BUILDING

VAPOUR PRESSURE KILOPASCALS

QUTSIDE VP,

| | 1|

I S

Mo J J A

S © N P

Figure 8-7. Outside vapour pressure, saturated vapour pressure
and inside vapour pressure for Winnipeg.
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Heat, Air and Moisture

Joseph Lstiburek 9

Building Science Corporation

Outside
Roof sheathing

Condensation and frost
accumulating on underside

of roof sheathing

Attic
insulation

Dewpoint

Inside

Joseph Lstiburek 10

Lstiburek

Building Science Corporation

© buildingscience.com

5of 11



Monument Builders Heat, Air and Moisture September 22, 2015

Building Science Corporation
Joseph Lstiburek 11

Roof sheathing

\ Condensation and frost

accumulating on underside
of roof sheathing

Roof sheathing
and top of attic
insulation are

Condensation and
frost accumulating

radiation-coupled Attic on top of attic
insulation
A A
Attic
Inside insulation

Building Science Corporation
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Fiberglass cavity
75°F insulation

PO oo o O L B N N N o000 O® o000 O0OOGOOGOOGOOSOSO o000
61-62°F \ Wat
61-62°F o]
droplets
Crawlspace air Floor assembly
(65°F dewpoint) and ground are

radiation coupled

Water Ground
droplets

Building Science Corporation
Joseph Lstiburek 15

Wood siding Unfaced batt insulation
(all surfaces painted) 4 Gypsum board with semi-
i vapor permeable (latex)

Air space paint
175" OSB sheathing

Sealant, adhesive or gasket
Furring /
Sealant, adhesive Sealant at corner of bottom
or gasket plate and subfioor eof gasket

Sealant (typ.)

Rigid i i

BTV
Sealant, adhesive
or gasket
H Batt insulation
Cravdspace vent at top ) Rigid insulation (fire-rated,
of foundation wall 1 \ taped and sealed joints)
* Capillary break
Masonry foundation ——— K Lk_—-_ Sealant
wall a Treated wood nailer
Ground slopes away from s |
wall at 5% (6 in. per 10 ft.) .
o

Building Science Corporation

16
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Vinyl or
a_lu_rﬁinum Salf == Unfaced batt insulation
siding »’: Gypsum board with semi-vapor permeable
Rigid insulation — b {— (e Pk
(lx_aplet)! or sealed = Sealant, adhesive or gasket
joints) -
" .= Sealant at corner of bottom plate and subfloon
Efglaasnlelad Ritve — or gasket under bottom plate
O IO VJK,]I
ow =T rv‘f&“ﬁm-ﬂ&‘ )
L Rigid ins.ulation Sealant
Sealant, L (taped or sealed joints)
adhesive or gasket “',-\ P ion board T
I T \ Capillary break I 7
Il Il
| I
I I
I |
Il < Pier i I
I
I
Il
Building Science Corporation
17
Airspace Wood-based
subfloor

MA A

Gypsum board J Rigid insulation J

Cavity insulation
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Wood-based

subfioor X
W0 N

Gypsum board Ay Rigid insulation J

Cavity insulation

Building Science Corporation
Joseph Lstiburek 19

| =
Wl !

Building Science Corporation

<7

§

<7

§

<7

§

7

§

2

§

Y

§
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Water control
layer

Cladding

Exterior
sheathing

T

Interior gypsumj

board

Cavity insulation

Building Science Corporation

Joseph Lstiburek 21

Water control
layer

Cladding

Exterior
sheathing

Interior gypsumj

board

Cavity insulation

Building Science Corporation

Joseph Lstiburek 22
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Rain

Building Science

Rain Control

September 22, 2015

Building Science Corporation
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Lstiburek

Building Science Corporation
Joseph Lstiburek — Rain Control 5

Upturned leg

Base sloped
to exterior

o Drip edge

Building Science Corporation
Joseph Lstiburek — Rain Control 6
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Building Science Corporation

Joseph Lstiburek — Rain Control 7

Material M

Drain
Component

Drain
Opening
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Roof overhang screens wa
(deflects rain)

Site grading slopes ground away from
building over entire perimeter

Building Science Corporation

Joseph Lstiburek — Rain Control 9

Air outlet
Brick veneer

Ventilation space

Building paper (concealed
barrier)

Exterior

Engineered wood
sheathing (0SB)

Airinlet

/ Interior gypsum lining

Timber frame

Cavity insulation

Interior

Building Science Corporation

Joseph Lstiburek — Rain Control 10
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Joseph Lstiburek - Foundations 13
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Joseph Lstiburek — Rain Control 17
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Stucco rendering

Masonry wythe

Exterior

Vertical wood furring

««—— Plaster and lath

Interior
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Building Science Corporation
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Hydrostatic
pressure

Hydrostatic
pressure
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Hydrostatic
head

A

—— Cladding
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Wind Speed (mph) vs. Stagnation Pressure (Pa)

mph

0 100 200 300 400 500 600 700 800 900 1000
Pa
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Plywood/OSB
sheathing

Water control
layer

3/s” spacer strip

Building Science Corporation
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Building Science Corporation

Joseph Lstiburek — Rain Control 59

Rain enters cup b
due to momentum
("kinetic energy”) b

%

v

° Cup drains water
to exterior

Building Science Corporation
2011

Joseph Lstiburek 60
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Rain enters cup 5
due to momentum
("kinetic energy”)

‘7

Wind enters cup— »

pressurizing cup; b
no rain entry due
to wind driven rain

A

v

A . "

@ Cup cansstill drain
water to exterior

A

v

Entire wind
pressure
taken here

Building Science Corporation
2011

Joseph Lstiburek 61

Baffle to deflect raindrops
hitting face of cup due
to momentum
(’kinetic energy”)

Pressurein cup is b
same as pressure
outside on face

of baffle n

Momentum driving force
converted to gravity—
water drains away

Wind enters cup— —>

pressurizing cup;
no rain entry due
to wind driven rain

C
CA
& Cup can still drain
o water to exterior
o

Entire wind
pressure
taken here

Building Science Corporation
2011

Joseph Lstiburek 62

© buildingscience.com

31 of 55



Monument Builders

September 22, 2015

Rain
Insulating
glass unit X
Seal (gasket)— ~— Seal (tape)
\\ Y Fd
— Setting block
/ (typically two
per unit)
y K
_ |
Hol_e providing o e e 3
drainage and \
pressurization / S
N ey - B

Rough opening

Building Science Corporation
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Outer seal sees
water but not
pressure; no
pressure difference
across this seal,
therefore no rain
entry

Pressure in chamber
is same as pressure
outside on face of >
assembly

Air enters and sl

pressurizes
chamber

Key seal is interior
seal as it takes
maximum wind load
but it does not see
water

Entire wind
| e pressure
. taken here
Pressure
chamber
— |

Building Science Corporation
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Pressure
moderated
chamber

Interior air seal

Beveled wood
siding

Adhesive -backed
sill flashing

Housewrap ———————»

Sheathing
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Sealant
backer rod

Inner seal

-Wind pressurizes -
~ chamber between
* inner and outer -

seal
Sealant Outer seal
backer rod Ventiube

Building Science Corporation
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Sealant
backer rod

Inner seal

— Pressure
© chamber -

Baffle

Building Science Corporation
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Inner, protected seal = Outer, exposed
seal

Drain and vent
opening

Building Science Corporation

Joseph Lstiburek 71

Drainage space
/ Backer rod

Sealant

Sealant ——
\

Backer \
rod \

‘—— Exterior face of
cladding

h \ Drainage opening

Building Science Corporation
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Intent of sealant is to
limit this lateral flow of
water between
sheathing and
building wrap

Flashing tape

Sealant “bedding”

joint

Building wrap
“‘wrapped” into
opening
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Roof insulation

Continuous ridge

Insulation wind baffle ventilation ——»

2" minimum space

=

Water protection
membrane

=

T

AN ANANNAN

0

T

Gypsum board with vapor
semi-permeable (latex) paint

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

W

AN NAN

Continuous
soffit vent

\

Vinyl or
aluminum siding —————> Caulking or sealant

MW

T

Wbl

Rigid insulation

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

?

Supply Return Supply

e e @6

Depressurized conditioned space
inducing infiltration

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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Melt water
running under -
thin ice slab_—" (,_/(’
“<—— Melt water running

down underside
of sheathing

Icicles

Ice
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Warm air is
trapped by
overhang

-1 Cladding
warms air

T

Building Science Corporation
Joseph Lstiburek 20

Lstiburek © buildingscience.com 10 of 52



Monument Builders Roofs September 22, 2015

Building Science Corporation
Joseph Lstiburek 21

Building Science Corporation

Joseph Lstiburek 22

Lstiburek © buildingscience.com 11 of 52



Monument Builders Roofs September 22, 2015

Building Science Corporation

Joseph Lstiburek 23

Building Science Corporation

Joseph Lstiburek 24

Lstiburek © buildingscience.com 12 of 52



Monument Builders

Lstiburek

Roofs September 22, 2015

unit
&4 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
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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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Minimum R-50 rigid insulation N
in two or more layers with horizontal /
and vertical joints staggered

Roof sheathing
Roofing membrane

Vented space

57 Air barrier
’,//’ membrane
- Wood decking

Roof sheathing
Roofing paper
Shingles

Timber rafter or
exposed joist

Building Science Corporation
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Roof sheathing

Roofing membrane

Shingles
Roofing paper .
i W at
Roof sheathing A5
eNA
Vented space AV o
N
P
+ Spray foam
air seal

Timber rafter
or exposed joist

Wood decking
Air barrier membrane

W 8

R-60 rigid insulation (horizontal
and vertical joints staggered)
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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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SEALANT AT THIS LOCATION
WOULD NOT HAVE PREVENTED
FAILURE

EXTERIOR

CONTINUOUS SEALANT AT T
LOCATION, OR AT A LOC,

CONTINUOUS SEALANT
AT THIS LOCATION WOULD
HAVE PREVENTED FAILURE

INTERIOR

Building Science Corporation
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0.019" ALUMINUM - CONTINUOUS
SECURE WITH PANEL SCREWS AND

NAILS, LAP d Al f FILL ALL GAPS WITH FOAM
:noru ulsu:‘ ot AL SEALANT; CONTINUOUS BEAD
/ RIDGE SEAL
#14 PANEL SCREW - GENEROUS BEADS

r
(MAY BE UNDER OR OVER OF CAULK SEALANT

ALLMANUM FLASHING)

SEAL ROOF RIDGE WiTH
ROOF MEMBRANE OR 0.19"
ALUMINUM SHEET EXTENDING INTERIOR DRYWALL

ECTION
6" EACH SIDE OF APEX i

CONTINUOUS SEALANT AT
LOWER PANEL JONT
SECTION

SEALANT /-~ GAP PROVIDED
IN GAP BETWEEN
PANEL EDGES,

Building Science Corporation
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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

N\

(PRIMARY AIR
BARRIER)

SIP (MAXIMUM 8"
OF EPS AT R-32)

Building Science Corporation
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Figure 1
* Ramiove 3399 of 0SB fom each e of rdge

N\

>

Figure 2
+ Croate air 503l wih 5310 Of Tyvek® (1ape seams of Tyvek®)
= Hoks Tywsk® shewt in place wh metad SER0nG

Tyvak® sheet seaied
0S8 wih acryic Matal svap
‘cauk seatant

Figured

» Constuct wood idge vert with 262 heving

* Use Cobra® Ridge Vent rof mesh at 6dges of vent 10 convol insect entry
Y4058

202ty @ 16° 0.
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Jce & Water Shield""
PIarys JQJEM = 5

77 H\

:
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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
~&— Upper level air flows
~a—p 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

\

N -

Acoustical perforations

Panel joint

Fluted metal deck

Building Science Corporation
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New roofing system

Fully adhered membrane

Roof sheathing

Two layers of rigid insulation
(joints staggered and offset)

\

Fully adhered membrane

Gypsum sheathing

air barrier /

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) \
3/8” sheathing over rigid \\

insulation = ‘\\\ \

Roof sheathing " \\\‘

Sealant Z 2 Underside of roof
T \ sheathing is typically

Rigid insulation the “first” condensing

notched around roof ‘ surface

trusses and sealed —

Vinyl or aluminum siding —> g ) Unfaced batt insulation

Rigid insulation : ”‘4 ~—— Gypsum board with vapor semi-

Building paper [ ’{ permeable (latex) paint

drainage plane

Building Science Corporation

Joseph Lstiburek 83

100 I ‘
90 1 Mean monthly
\ outdoor temperature
80 L~ s —— First condensing surface _|
7 \ temperature (underside of
70 N roof sheathing) if R-5 rigid |
insulation is installed over
60 Dew point temperature roof deck "
e at 50% R.H., 70°F —— /
T '\
~ 50 7
0
E _-_]._.M____.
© 40
@
<%
E 30 Dew point temperature A
k= at 40% 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 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

OSB or plywood
roof sheathing

Rigid insulation notched
around roof rafters
and sealed

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

Vinyl or Caulking or sealant

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

Rigid insulation (taped,
shiplapped or
sealed joints)

Unfaced batt insulation

Building Science Corporation

Joseph Lstiburek 85

Roof insulation

= B Continuous ridge
Insulation wind baffle ventilation

2" minimum space

Water protection
membrane (ice-
dam protection

where required)

Rigid insulation
(taped or sealed joints)

Gypsum board

x Caulking or sealant

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

Continuous
soffit vent
Vinyl or
aluminum siding

Rigid insulation
(taped or

sealed joints)

Cavity insulation
with vapor
retarder backing

Building Science Corporation
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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

semi-permeable (latex) paint

Building paper
drainage plane
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058 sheathing

Scupper

Two layers 0S8
Cavity nsulasion; see
Material Compatibility
and Substitutions

Polymer modified (PM) oe
traditional coment stucco

Tyvei® Stuccowrap®

Vioop scroed flashing tucked
behind drainage plane

Building Science Corporation

Roofs
Soil stack vented throughs
Metal cap n;':oumelpmmn
18" wide membrane strip
Coping wedge

Gypsum board with semi-permeatie (latex) paint
Sealant, adhesive or gasket a1 1op plate
Cauing or sealant

2X6 24" 0.c. advanced framing

- Sealant at al
penetrations

/4" cantm

\/

Sol gas ventiation
stack

7~ Sealant at ol slab
penetrations

Joseph Lstiburek 91

18" wide membrane strip

under parapet folded

Metal cap down over exterior ﬁ."';g‘%rrgenre
rigid insulation (membrane
Coping wedge roofing in very
| OosB cold and cold
OSB sheathing Rubber roofing climates; house-
Scupper ——————— || membrane wraps, building
=2 Rigid insulation paper in all
| other climates)
1l
I e
Sealant T T (T 71T ([ gt (71 (T ([
Rigid insulation NN N Lo b II l\\
IR [} [ ANAY (SANARA] I
OSB, . ] ‘u":n ‘tl‘;“u‘u’ “| T l\l’ll\l\l IR
Cavity insulation P (RRTRTRTRTRTE
Sealant LTS I\ AR

Polymer modified (PM)
or traditional cement
stucco

Metal lath
Building paper bond

break over drainage
plane

L Gypsum board with semi-
permeable (latex) paint

Sealant, adhesive or gasket at

top plate

Cavity insulation

1/4" cant/ft

Building Science Corporation
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Metal cap

18" wide membrane strip under
parapet folded down over exterior
OoSsB

Coping wedge
OSB

—

OSB sheathing
| Rubber roofing
_ membrane \
.
Scupper E SEr T A AT AR AT AT
Two layers OSB SN - < - e . -
ISR~ Ay /\,/_\“ o 8
High density spray 1 e, AN, ©
foam insulation (IS =~ —~ A NSusErnise ey = FRisT
= T
Polymer modified (PM) or il \ "~ Gypsum board with semi- 3
traditional cement stucco  fif -\, permeable (latex) paint &
| NS —— Cavity insulation 2
Metal lath | N \ Sealant, adhesive or gasketat —
| RS top plate
Building paper bond break—# " - {| *—— Caulking or sealant
over drainage plane | R Cavity insulation

Building Science Corporation
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Map of DOE's Propused Climate Zones

Na Moist (A)

Warm-Humid
Below White Line

March 24, 2003
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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 Non-occupiable

space

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
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