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2nd Law of Thermodynamics

Building Science Corporation
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In an isolated system, a process can occur
only if it increases the total entropy of the
system

Rudolf Clausius

Building Science Corporation
Joseph Lstiburek 3

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
Joseph Lstiburek 4
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Damage Functions

Building Science Corporation
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Damage Functions
Water

Heat

Ultra Violet Radiation

Building Science Corporation

Joseph Lstiburek 7

The Three Biggest Problems In Buildings Are
Water, Water and Water...

Building Science Corporation
Joseph Lstiburek 8
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80 Percent of all Construction Problems are
Related to Water

Building Science Corporation
Joseph Lstiburek 9

What is a Building?

Building Science Corporation

Joseph Lstiburek 10
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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
Joseph Lstiburek 11

Solar radiation #

Rain m_y>

. . Heat exchange
with indoors

. . Vapor exchange
with indoors

Heat exchange ' '
with outdoors

Vapor exchange . .
with outdoors
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Building Science Corporation

Joseph Lstiburek 12
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer

Building Science Corporation
Joseph Lstiburek 13

Cladding |:
Control layers =

Structure - -

Building Science Corporation

Joseph Lstiburek 14
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Wall

Slab Roof

Building Science Corporation
Joseph Lstiburek 15

__— Ballast
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< Control layers

< Roof structure

Building Science Corporation
Joseph Lstiburek 16
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< Slab

<« Control layers
RIEITRSIOILTLE «—— Stones

<« Earth

Building Science Corporation
Joseph Lstiburek 17

Building Science Corporation
Joseph Lstiburek 18
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Wall

Building Science Corporation

Joseph Lstiburek 19

) — =

Roof

Wall

Building Science Corporation

Joseph Lstiburek 20
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Roof
H Wall
I
fl
Slab
Building Science Corporation Joseph Lstiburek 21
L_L Parapet
: Roof
: Wall
Slab

Building Science Corporation
Joseph Lstiburek 22
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Parapet
1
: Roof
: Wall
Footing Slab
]
Building Science Corporation Joseph Lstiburek 23
Parapet
1
[
[ Roof
|
Window I’E‘ Wall
I
Footing Slab
]
Building Science Corporation Joseph Lstiburek 24
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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

Building Science Corporation

Joseph Lstiburek 25

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

o

Vapor Profile

—

Building Science Corporation

Joseph Lstiburek 26

Lstiburek
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Building Science Corporation
Joseph Lstiburek 27

Building Science Corporation

Joseph Lstiburek 28
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Brick veneer/stone veneer —»i

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 Z

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

Insulated wood stud cavity

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

-

Vapor Profile

Building Science Corporation

Joseph Lstiburek 29
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Commercial Enclosure: Simple Layers

Structure
Rain/Air/VVapor

Insulation
Finish

Building Science Corporation

Joseph Lstiburek 30

Lstiburek
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Building Science Corporation

Joseph Lstiburek 32
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Building Science Corporation

Joseph Lstiburek 34
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Building Science Corporation
Joseph Lstiburek 35
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 37

Building Science Corporation

Joseph Lstiburek 38
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Building Science Corporation

Joseph Lstiburek 39

Building Science

Joseph Lstiburek 40
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Building Science Corporation
Joseph Lstiburek 41

Building Science Corporation
Joseph Lstiburek 42
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Building Science Corporation
Joseph Lstiburek 43
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Building Science Corporation
Joseph Lstiburek 45

Building Science Corporation
Joseph Lstiburek 46
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Building Science Corporation

Joseph Lstiburek 48
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1180044 TYVEK WWW CONSTRUCTION.TYVEK COM
@UPQND The miracles of science®

Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science 2009

Joseph Lstiburek — HVAC 54
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Building Science Corporation
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Building Science Corporation
Joseph Lstiburek 56
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Building Science 2009
Joseph Lstiburek — HVAC 57

Building Science Corporation
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Upturned leg

Base sloped
to exterior

Vo4 Drip edge

Building Science Corporation
Joseph Lstiburek — Rain Control 59

Building Science Corporation
Joseph Lstiburek — Rain Control 60
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Building Science Corporation

Joseph Lstiburek 62
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R Hydrostatic
7 - pressure

Hydrostatic
pressure

Building Science Corporation

Joseph Lstiburek 63

Building Science Corporation

Joseph Lstiburek 64
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Building Science Corporation
Joseph Lstiburek 65
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Building Science Corporation

Joseph Lstiburek 66
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Building Science Corporation

Joseph Lstiburek 68
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Hydrostatic
g head

A

—— Cladding

Building Science Corporation

Joseph Lstiburek 69

Hydrostatic
head

A

—— Cladding

Building Science Corporation

Joseph Lstiburek 70
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Building Science Corporation

Joseph Lstiburek 71

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

mph

0 100 200 300 400 500 600 700 800 900 1000

Building Science Corporation

Joseph Lstiburek 72
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Joseph Lstiburek 73

Building Science Corporation

Joseph Lstiburek — Rain Control 74
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Plywood/OSB
sheathing

Water control
layer

3/s” spacer strip

Building Science Corporation

Joseph Lstiburek 75

Building Science Corporation

Joseph Lstiburek 76
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Building Science Corporation
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Building Science Corporation
Joseph Lstiburek 79

Building Science Corporation
Joseph Lstiburek 80
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Rain enters cup
due to momentum
("kinetic energy”)

%

6 Cup drains water

to exterior

¢

2011

Building Science Corporation

Joseph Lstiburek 81

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

Wind enters cup—
pressurizing cup;
no rain entry due
to wind driven rain

®

‘7

Entire wind
pressure
taken here

v

o Cup can still drain
water to exterior

Building Science Corporation
2011

Joseph Lstiburek 82

Lstiburek
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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 e
Entire wind
Momentum driving force pressure
converted to gravity— taken here
water drains away
Wind enters cup—
pressurizing cup; Q
no rain entry due
to wind driven rain O
OA 5 .
& Cup can still drain
c water to exterior
A
v
Building Science Corporation
2011 Joseph Lstiburek 83
Insulating
glass unit
Seal (tape)
Seal (gasket)——
Setting block
(typically two
per unit)
AR 2
o |
Hole providing = R
drainage and \ """
pressurization % Frame
[ ee—
- G & & - G G @ @ & & - D o = = 1
! 1
1 :
| Rough opening :
| '
Building Science Corporation
Joseph Lstiburek 84
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Outer seal sees . )
water but not Key seal is interior
pressure; no seal as it takes
pressure difference maximum wind load
across this seal, but it does not see
therefore no rain water
entry
il Entire wind
; ressure
outside on face of ™= — < P
taken here
assembly S
Air enters and sl Pressure
pressurizes chamber
chamber
F_ e ==L _ - -,
! 1
! I
! I
| 1
Building Science Corporation
Joseph Lstiburek 85

Pressure
moderated
chamber

Adhesive -backed
sill flashing

Sheathing

Housewrap ———————»

Interior air seal

Beveled wood
siding

Building Science Corporation

Joseph Lstiburek 86

Lstiburek
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Building Science Corporation
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Building Science Corporation
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Joseph Lstiburek 91

Building Science Corporation

Joseph Lstiburek 92
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Intent of sealant is to Flashing tape
limit this lateral flow of
water between
sheathing and

building wrap

Sealant “bedding”
joint

Building wrap
“wrapped” into
opening

Building Science Corporation
Joseph Lstiburek 93

Building Science Corporation
Joseph Lstiburek 94
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Building Science Corporation

Joseph Lstiburek 96
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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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Building Science Corporation
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Building Science Corporation
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Sealant
backer rod

Inner seal

‘Wind pressurizes -

- chamber between -

~“ inner and outer - .
seal :

Sealant
backer rod

Outer seal
Vent tube

Building Science Corporation

Joseph Lstiburek 118

Lstiburek
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Sealant
backer rod

Inner seal

— Pressure
© chamber -

Baffle

Building Science Corporation
Joseph Lstiburek 119

Outer, exposed
seal

\

Inner, protected seal

Drain and vent
»L- opening

Building Science Corporation
Joseph Lstiburek 120
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— Drainage space
/7 Backer rod
4 Sealant

Sealant ——
\

Backer \
rod , O

\

\—— Exterior face of
cladding

\ Drainage opening

Building Science Corporation
Joseph Lstiburek 121
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Target Range |

[<— Winter Summer

Uncomfortably :
pbry' |
0 25 50 60 75 100

20 65

Relative Humidity (RH) %

Building Science Corporation

Joseph Lstiburek 123

Water Vapor Permeance vs. Relative Humidity

10.0

9.0 A+

80 H
€ 70 -
&
8 60
g
g 50
E . 1
S 40 - - Dry cup limits >
§ X M1 3 b ot ot Rt e vl vty (e mRpE it
g % test result
g 20 est results
= g‘ test results

1.0 ”" """"

0 T T T T 1 T T T T
0 10 20 30 40 50 60 70 80 90 100
Mean Relative Humidity, %
1, = Dry cup permeance
y, = Wet cup permeance
Building Science Corporation
Joseph Lstiburek 124
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Water Vapor Permeance, US perms

Water Vapor Permeance of Sheathing Materials

Mean Relative Humidity, %

126
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Water Vapor Permeance of MemBrain™ Smart Vapor Retarder,
Primed and Painted Gypsum Board, Unpainted Gypsum Board and
Asphalt-Coated Kraft Paper
100
90 4 Unpainted
Gypsum
Board
80 4
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Smart Vapor
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&
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o 60
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g %0
@ Primed &Painted
g 40 1 Gypsum Board
a
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s 30
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g 20
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0 10 20 30 40 50 60 70 80 90 100
Mean Relative Humidity, %
Water Vapor Permeance of WRB’s
Felt
100 ASK
123
E
@
Q
%)
=]
§ Tyvek®
[
[
E
&
§
> Typar®
3
g WeatherSmart™
WeatherMate™
Plus
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Sorbtion Curve for Wood
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g 20
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4
10 &
o
N
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-
=
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Relative Humidity (%)
Average sorption isotherm for wood as a function of temperature
From Straube & Burnett, 2005
Building Science Corporation
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50 -

30

20 -

Equilibrium Moisture Content (%)

Sorbtion Curves for Hygroscopic Materials

y Wood

Plywood

Stucco

‘_/ Concrete

z Brick

30 40 50 60 70 80 90 100
Mean Relative Humidity, %

Building Science Corporation
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Sheathing

Penetrating
Water

Building Science Corporation
Joseph Lstiburek — Rain Control 141

Penetrating
Water

Building Science Corporation
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Rain Screen

Building Science Corporation
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=
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Beer Screen?

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

Lstiburek
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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

Joseph Lstiburek 2
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Mechanisms of Flow

» Liquid Gravitational
Capillary
Osmosis

» Vapor Diffusion
Convective

Hydrostatic Pressure
Suction Pressure
Solute Concentration

Vapor Pressure
Air Pressure

Building Science Corporation

Joseph Lstiburek 3

Building Science Corporation

HEAD

Joseph Lstiburek 4
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Roof overhang screens wall
(deflects rain)

Site grading slopes ground away from
building over entire perimeter

Building Science Corporation
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Building Science Corporation
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Ground away cover acting as both
rgm“mm apeace an air barrier and a
<«
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| o
! “Kick out"
! flashing Seat
1
i
I "
, Patio ‘J Garage
Walkway | slopes floor siopes Drivewa
I — iopes”
- —_—
oo Slopes —
Patios and decks lower than floors and slope away from building
Garage floor lower than main floor and slope away from building
Driveway lower than garage floor and slope away from building
Grade lower than main floor and slope away from building
Stoops and walkways lower than main floor and slope away from building
Kick out flashings or diverters direct water away from walls at roof/wall intersections
Building Science Corporation
Joseph Lstiburek 10
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SUBFLOOR ——

W0OD STUD WALL —>

|
T— EXTERIOR SHEATHING
f«————HOUSEWRAP / WRB /BUILDING PAPER

)

—— WATERPROOF MEMBRANE

SEALANT

BAND JOIST ———

1]

I
I
| TAR PAPER AS BOND BREAK
CONCRETE PORCH

TREATED MUDSILL——}_—H

FOUNDATION WALL ——>

>

)

Ovv

4” STONE PAD (NO FINES)
UNDISTURBED / COMPACTED EARTH

Building Science Corporation

Joseph Lstiburek 11

WOOD STUD WALL —f1—>

< EXTERIOR FINISH
——— 1" INSULATING SHEATHING

A

SUBFLOOR —— &
HH WATERPROOF MEMBRANE
i |—— TAR PAPER AS BOND BREAK
[ SEALANT
i CONCRETE PORCH
i
BAND JOIST ey N
B,
TR
il ¢
TREATED MUDSILL—p> = IEee=s=
a b
“ >
FOUNDATION WALL —+> %] s
s & ) 4” STONE PAD (NO FINES)
> s UNDISTURBED / COMPACTED EARTH

Building Science Corporation
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Control joint at steps

in foundation wall \

Control joints
at corners

Control joints
are sealed with
flexible sealant
at the exterior
prior to
backfilling

Control joints at
window openings

Sealant [ Sealant

» i & 5 s et
£ g 2 s <a
&
5 : 2 ‘, s & “ A
o ) (-
* 7 N = . &
Diagonally cut 2 x 2's in forms Saw cut joint

provide goose neck joint

Building Science Corporation
Joseph Lstiburek 13

Building Science Corporation
Joseph Lstiburek 14
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Garage foundation
(Isolated from basement
foundation for frost

heave protection)

'~ Perimeter drain

pipe around
exterior of garage
foundation

Bond break material

See Figure 4.4 \
Isolaton joint

between garage
foundation and
basement
foundation \

The diamond

25

shaped joints may
be omitted if column
foolings are below
floor level and the
column is wrapped
with two layers of
sheathing membrane
of joint filler 1o

break the bond ——%»

Basement i
foundation {alright
Concrete
foundation wall
control joints.

<+ Bond break
between slab
and foundation
me= wall at slab

LT TELEEEEE

Perimeter drain
pipe connected
10 sUmp

[ " 9

Through footing pipes
connect granular drainage
o

Building Science Corporation

Joseph Lstiburek 16
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Building Science Corporation
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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 20
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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
Joseph Lstiburek 21

Building Science Corporation
Joseph Lstiburek 22
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Building Science Corporation
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27
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Joseph Lstiburek 25

Building Science Corporation

Joseph Lstiburek 26
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Building Science Corporation
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v
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Building Science Corporation
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Building Science Corporation
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Joseph Lstiburek 34

© buildingscience.com

17 of 61



Tri-State ASHI Fall Seminar Foundations

Lstiburek

October 9, 2015

BN

)

v

Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 36
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Building Science Corporation
Joseph Lstiburek 37

Capillary rise versus diameter

100 1
90 4
80 1
70 4
60 4

50 4

capillary rise [inch]

40 H
30
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

Building Science Corporation
Joseph Lstiburek 39

Building Science Corporation

Joseph Lstiburek 40
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Concrete slab

Polyethylene
vapor barrier

Granular
capillary break
and drainage
pad (no fines)

Building Science Corporation

Joseph Lstiburek 42

Lstiburek
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| i
\ AT
INTITTIATAN UTILATALA

Capillary break on ——»|

exterior foundation wall

I

Capillary break under
slab

Building Science Corporation

Joseph Lstiburek 43

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)

Building Science Corporation

Joseph Lstiburek 44

Lstiburek
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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)

Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 46
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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 break (must
dry tack-free) applied on top of footing
prior to placing/casting concrete

Building Science Corporation

Joseph Lstiburek 47

Building Science Corporation

Joseph Lstiburek 48
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Rigid insulation

Sill gasket

Concrete stem wall

Concrete footing

Building Science Corporation

Joseph Lstiburek 49

Sealant, adhesive
or gasket (typ.)

Drainage plane

/— Sealant

Sill gasket
(capillary break)

3/5" fibercement

Building Science Corporation

Joseph Lstiburek 50
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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
Joseph Lstiburek 51

Capillary break

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

- 1'/;" steel stud assembly

Concrete wall

(—Sﬂludmnlluukw
capilary break

Building Science Corporation
Joseph Lstiburek 52
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Building Science Corporation

Joseph Lstiburek

53

Building Science Corporation

Joseph Lstiburek
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Building Science Corporation
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Joseph Lstiburek 57

Remove

demising

wak Crawlspace
Remove S Add column
windows
and infill

openings

Building Science Corporation
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Building Science Corporation
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Af”

.~;‘

Building Science Corporation

Joseph Lstiburek 61

Frame

Clapboards ———»/f} -

Rosen paper

Board sheathing

Plaster/lath interior lining

~ Blown cellulose cavity fill
Timber frame

—— 3" spray polyurethane foam
(2 Ib/t® density)

pmpmeer e L

L — Intumescent coating
—— Membrane capillary break/
drainage plane

Concrete patch

Existing slab

( Epoxy top coat

Building Science Corporation

Joseph Lstiburek 62

Lstiburek
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Building Science Corporation
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Joseph Lstiburek 65

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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Building Science Corporation

Joseph Lstiburek 68
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Building Science Corporation
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Building Science Corporation
Joseph Lstiburek 72
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Building Science Corporation

Joseph Lstiburek 74
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Building Science Corporation
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allows moisture to pass in a
slow, controlled manner

Vapor semi-permeable assembly

Plywood subfloor

Top-side epoxy coating

Extruded polystyrene; unfaced,
no polypropylene or foil facing

1x4 furring (16" o.c.)

Z f
I V4 h
I 7 o
<Ths g <}
v A . A A AR 5 SO 2 D
¢ B © ? Concreteslab  * 2
g o g 4 g by

Building Science Corporation
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Building Science Corporation
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Building Science Corporation
Joseph Lstiburek 80
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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
Joseph Lstiburek 81

Building Science Corporation
Joseph Lstiburek 82
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Building Science Corporation

Joseph Lstiburek 84
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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
Joseph Lstiburek 91

Building Science Corporation
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[ 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

Building Science Corporation
Joseph Lstiburek 94

© buildingscience.com

47 of 61



Tri-State ASHI Fall Seminar

Lstiburek

Foundations

October 9, 2015

Roof ﬂashlng—7

)

—~C

|e—— Vent stack

Polyethylene
mechanically
attached to
foundation wall
perimeter and
sealed

vapor barriarr/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 95

Roof flashing

Sealant at all
penetrations in
air barrier

«—— Vent stack

Polyethylene
vapor barrier

/— Concrete slab

Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 103

Capillary Moisture Flow

Stucco
Building paper
Plywood

Bottom plate decay

Ground saturated

adjacent to slab

foundation due to

irrigation water

Unfaced batt insulation

—— Interior gypsum board

Mold on gypsum board

Impermeable floor covering
(vinyl)
Concrete
|— slab

T T

T P

ARAA AV A
s s T, il B

— Mold under floor covering

Building Science Corporation
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Capillary break under
framing (polyethylene
strip)

Latex paint (vapor
permeable, but water
repellent)
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Building Science Corporation

Joseph Lstiburek 115

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

Building Science Corporation

Joseph Lstiburek 116

Lstiburek
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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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Building Science Corporation
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Brick veneer 4%
Air space

— Unfaced batt insulation

l«— Gypsum board with semi-

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)

vapor permeable (latex)
paint

Sealant, adhesive or
gasket

o\

" Concrete
Sill gasket rslab

X

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

Building Science Corporation

Joseph Lstiburek 120

Lstiburek

© build

ingscience.com

October 9, 2015

60 of 61



Tri-State ASHI Fall Seminar

Lstiburek

Foundations

October 9, 2015

Capitary broak
113" righd insulation

Building Science Corporation

Joseph Lstiburek 121
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Outside Inside
70°F
O°F \ Dewpoint
— (50% RH, 70°F)
Location of

<
. condensation
Exterior —>» and frost
sheathing

Building Science Corporation

Joseph Lstiburek 2
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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
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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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frame wall

wall covering

Wood-based siding

R-7.5 rigid insulation

R-13 cavity insulation in wood

Gypsum board with any paint or

The inside face of the

insulating sheathing is
the condensing surface
of interest

80 T T
[ | | |
70 ~ = -1
/ | temperature (R-7.5 sheathing,
/ | R-13 cavity insulation as
60 / £ shown in adjacent drawing) —1
¢ 50 /7Mean monthly outdoor—/ N . /7
@ temperature
3
T 40
é 30
e
20 — | SHNS . VS A el T —
Dew point temp. —/
10 at3s%RH,70F_| | | |
| | |

Month

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

Building Science Corporation
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2.4
2.2
20
.8

l-e

VAPOUR PRESSURE KILOPASCALS

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

QUTSIDE VP,

| | 1|

I

Mo J J A

S © N

Figure 8-7. Outside vapour pressure, saturated vapour pressure
and inside vapour pressure for Winnipeg.
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Building Science Corporation

Outside
Roof sheathing

Condensation and frost
accumulating on underside

of roof sheathing

Attic
insulation

Dewpoint

Inside

Joseph Lstiburek 10
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Outside
Radiation to
night sky g g

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
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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

/\ /\ Y VVYYVY

Sealant, adhesive
or gasket

H Batt insulation
Cravdspace vent at top ) Rigid insulation (fire-rated,
of foundation wall 1 \ taped and sealed joints)
o Capillary break

Masonry foundation ———— K @t Sealant
wall st 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

Building Science Corporation
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T

Cavity insulation

Gypsum board Ay Rigid insulation

:
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Wood-based
subfloor \

Y V VY VY VY VY

A

Y VvV V VY Y

WA

Cavity insulation

Gypsum board 44/‘/
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Water control
layer

Cladding

Exterior
sheathing

T

Interior gypsumj

board

Cavity insulation
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Water control
layer

Cladding

Exterior
sheathing

Interior gypsumj

board

Cavity insulation

Building Science Corporation
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Don’t Do Stupid Things
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L Dry (B) e

‘Marine ©)

Moist (A)

Warm-Humid
Below White Line

Excapt fof the laiowig
except for wit
Borotons in Zone 8.0
Bethel ic
Dellingham Sout
Fairbanks N. Star  Wade Hampton
Nome Yukon-Koyukuk
North Slope

Puerto Rico,
and the Virgin Islands

A4
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Truss bows upward

ANFA S

Bottom chord shrinks

Building Science Corporation
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Bead of adhesive Bead of adhesive

Sy | o

Continuous bead of drywall
adhesive required here

LAY

-------- EEEEEEESS

=
! \
' Clips may also be used

Continuous bead of drywall
adhesive required here

Slotted anchor at
non-bearing walls

Float drywall at wall corners
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Leaky air handling unit
and supply ducts

T 1

= Air handling
unit
s 1
Supply Return Supply

© @ 0

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.

Building Science Corporation
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Building Science Corporation
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Duct Leakage Should Be Less Than 5% of Rated Flow As

Tested By Pressurization To 25 Pascals

Building Science Corporation

Joseph Lstiburek 7

unit

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.

Building Science Corporation
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Depressurized
= conditioned spacs —
=5 | Air I =
handing
Supply unit Supply
Return
Leaky supply
ducts
R T o S
T T T @ T T T
Crawl space = ¢ ¢ # & # * |

E S B8
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Lstiburek

S?Iy SUP?P'Y

All ductwork
and air handling
unit completely
contained within
the conditioned
space

Supply

Ch ch

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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Return mej) s dmm Return

Supply Supply|

All ductwork

and air handling
units completely
contained within

« Retumn

the conditioned

Supply Supply o
Floor supply and
ceiling return on

— both floors
Supply L_Air handling | Return
— unit _ —
Unvented, conditioned
crawl space
T 10

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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Return * « Return

All ductwork
and air handling
unit completely
contained within
the conditioned
space

S*)ply

Floor supply and
ceiling return on
upper floor

Supply
Ceiling supply

and floor return
«Return on lower floor

wan o [

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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T
unit

Return at
ceiling in
central Transfer grilles
hallway (to “bleed”
and high in pressure from
master secondary
bedroom wall bedrooms)

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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Air handling

*Supply

I unit I
Return at
ceiling in .
Transfer grilles
ﬁgﬁ‘xj}'/ (0 "bleed”
e pressure from
anr?q:;%; n secondary
bedroom wall] | Pedrooms)

/I]_I_I IJ_-I\

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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3

Air handling
unit

1 1T 1
Supply Return Supply
@ @ S, ® @
Bedroom Hall Bedroom

—T T—
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_— Girille located high in
wall on bedroom side
to avoid blockage by
furniture

Cavity is sealed tight,
drywall glued to studs and
plates on both sides

"“7 Grille located low in
wall on hallway side

Building Science Corporation
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10-inch dia.
flex duct (typ.)

Sealant

Ceiling—" f * \—Ceiling

grille grille

“—— Wall cavity
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Build Tight - Ventilate Right

Building Science Corporation
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Build Tight - Ventilate Right
How Tight?
What's Right?

Building Science Corporation
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Three Types of Controlled Ventilation
Systems

Exhaust Ventilation
Supply Ventilation
Balanced Ventilation

Building Science Corporation
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Motorized
damper

Building Science Corporation
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ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of
conditioned area

Occupancy is deemed to be the number of
bedrooms plus one

Building Science Corporation

Joseph Lstiburek 53

ASHRAE Standard 62.2 calls for 7.5 cfm per
person plus 0.03 cfm per square foot of
conditioned area

Occupancy is deemed to be the number of
bedrooms plus one

Outcome is often bad — part load humidity
problems, dryness problems, energy
problems

Building Science Corporation
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Humidifiers
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Target Range |

[<— Winter Summer —»

Uncomfortably :
Dry*
0 25 50 70 100

20 75

Relative Humidity (RH) %

Building Science Corporation
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T
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Supply Plenum

+ Supply plenum located at midpoint of supply trunk

Building Science Corporation
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— —>

“Dropped Tee" Supply Plenum
+ Reduces resistance to flow and noise

Building Science Corporation
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H Unconditioned
make-up air
60 - 70% of
hood exhaust
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Upturned leg

Base sloped
to exterior

o Drip edge
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Joseph Lstiburek — Rain Control 7

Material M
Drain
Wall Drain
Component

Drain
Opening

Building Science Corporation
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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

Timber frame

Air outlet

Brick veneer

Cavity insulation

/ Interior gypsum lining

Interior

Ventilation space

Building paper (concealed
barrier)

Exterior

Engineered wood
sheathing (0SB)

Airinlet

Building Science Corporation

Joseph Lstiburek — Rain Control 10
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Stucco rendering

Masonry wythe

Exterior

Vertical wood furring

««—— Plaster and lath

Interior

Building Science Corporation
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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

ce of sheathing

Ice dam

Icicles
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40

Ice Damming Risk, R-5 Snow
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Warm air is
trapped by
overhang

—— Cladding
warms air

T
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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.

Building Science Corporation
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Roof membrane
——— Fiberboard hygric buffer

— Rigid insulation

Air barrier membrane

Gypsum sheathing
Fluted steel deck

Building Science Corporation

Joseph Lstiburek 29

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 30
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Roof sheathing
Roofing paper
" L . Shingles
Minimum R-50 rigid insulation N

in two or more layers with horizontal /
and vertical joints staggered

Roof sheathing
Roofing membrane

Vented space

~ Air barrier
\ A
/’,,, membrane
= Wood decking

Timber rafter or

exposed joist
Building Science Corporation

Joseph Lstiburek 31
Roof sheathing

Roofing membrane

Shingles
Roofing paper

AV
Roof sheathing 1A71’Av,

" d
Vented space 1471} 7
I = Spray foam
air seal

Timber rafter
or exposed joist

Wood decking

Air barrier membrane

W BB

R-60 rigid insulation (horizontal
and vertical joints staggered)

Building Science Corporation
Joseph Lstiburek 32
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Building Science Corporation
Joseph Lstiburek 41

Building Science Corporation
Joseph Lstiburek 42

© buildingscience.com

21 of 64



Tri-State ASHI Fall Seminar Roofs October 9, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 43

Building Science Corporation
Joseph Lstiburek 44

© buildingscience.com

22 of 64



Tri-State ASHI Fall Seminar Roofs October 9, 2015

Building Science Corporation
Joseph Lstiburek 45

Building Science Corporation

Joseph Lstiburek 46

Lstiburek © buildingscience.com 23 of 64



Tri-State ASHI Fall Seminar Roofs October 9, 2015

Lstiburek

7548/22/01 09
i ~

Building Science Corporation
Joseph Lstiburek 47

Building Science Corporation
Joseph Lstiburek 48

© buildingscience.com

24 of 64



Tri-State ASHI Fall Seminar Roofs October 9, 2015

Lstiburek

Building Science Corporation
Joseph Lstiburek 49

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

Building Science Corporation

Joseph Lstiburek 52
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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

Joseph Lstiburek 53

UPPER OSB

UPPER SPLINE

Lower 0SB

LOWER SPLINE

Building Science Corporation
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Rs/22/01 10:13
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8/17/01 11:43 d
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SEALANT AT THIS LOCATION
WOULD NOT HAVE PREVENTED
FAILURE

EXTERIOR
CONTINUOUS SEALANT AT

CONTINUOUS SEALANT
AT THIS LOCATION WOULD
HAVE PREVENTED FAILURE

INTERIOR

Building Science Corporation
Joseph Lstiburek 64
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0.019° ALUMINUM - CONTINUOUS
SECURE WITH PANEL SCREWS AND
, LAP ENDS.

. FILL ALL GAPS WITH FOAM
NAL Al
:.“m o O M seAL SEALANT; CONTINUOUS BEAD
RIDGE SEAL

GENEROUS BEADS

#106 PANEL SCREW -

(MAY BE UNDER OR OVER
ALUMINUM FLASHING)

ROOF MEMBRANE OR 0.19" / !
ALUMINUM SHEET EXTENDING INTERIOR DRYWALL: / Sec
67 EACH SIDE OF APEX / o

CONTINUOUS SEALANT AT
LOWER PANEL JOINT

GAP PROVIDED
BETWEEN

PANEL EDGES

Building Science Corporation

Joseph Lstiburek 65

ROOFING PAPER

TWO LAYERS OF 2° THICK (R-28)
ISOCYANURATE RIGID INSULATION
(JOINTS OFFSET/STAGGERED
HORIZONTALLY AND VERTICALLY)
/OSB SCREWED THROUGH TWO

LAYERS OF RIGID INSULATION
INTO SIP

D

(PRIMARY AIR
BARRIER) SIP (MAXIMUM 8"

OF EPS AT R-32)

Building Science Corporation

Joseph Lstiburek 66
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Figure 1
* Ramove s of OB fom each side of ridge

Figure 2
+ Croate ai soal wth 5319 of Tyvek® (13pe seams of Tyves®)
= ks Tyvei® shestin place wih metad stippng

Figure 3
» Construct wood fidge vert with 262 huving
« Use Cobra® Ficige Vent rofl mesh at eges of vent 1o convol insect entry
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Building Science Corporation
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Jce & Water Shield
pays 1938\ 'S
/o

ad
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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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Lstiburek

Legend
~a— Upper level air flows
~s— Lower level air flows

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

Building Science Corporation
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Shingles

Roofing paper

Vent space of nailbase
insulation panels

Al
\ |
/|

P

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 air barrier
Gypsum sheathing

Fluted metal deck

Building Science Corporation
Joseph Lstiburek 87

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 —]

'.4 . .
Vinyl or aluminum siding —> »,q{ Unfaced batt insulation
Rigid insulation : ”‘4 ~—— Gypsum board with vapor semi-
‘ ” 4 permeable (latex) paint

Building paper
drainage plane

Building Science Corporation
Joseph Lstiburek 88
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outdoor temperature
——+ First condensing

roof deck

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

surface _|

)

_-_]._..sA

100 ’ ‘
90 T Mean monthly
80 - N\ \
< \
70 \
60 Dew point temperature
P at 50% R.H., 70°F —
3 \
~ 50
g
2
© 40
@
<%
E 30 Dew point temperature A
= at 40% R.H., 70°F
20
10
0
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 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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Lstiburek

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
Joseph Lstiburek 91

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

Building Science Corporation
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Soil gas stack vented throughs
flashed roof penetration
Two layers 0S8
Material e mmm =g
and Substitutions. : '
o A L Gypsum board with semi-permeatie (latex) paint |
N\ Sealant, adhesive oc gasket et E
Polymer modiied (PM) or o ' bl top plate penetrations |
traditonal cement stucco - Causiing or sealant b
Metal lath - - 2X6 24" 0.c. advanced framing
—
P Canity insutaton. see Material Compatidility
Tyvok® StuccoWrap® b ad
— Sol gas ventlation
Woep screed & Sl gasket acts as capillary beeak stack
behind drainage plane
Gypsum board , gasketod to
Parge coat dampprocted wih Momuu;wwnx:fnu Sealant at ol siad
latex paint 10 reduce waster
abmopbon
Building Science Corporation
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18" wide membrane strip

under parapet folded _ A, barrier

Metal cap down over exterior
rigid insulation E?neerzwtg;mee
Coping wedge roofing in very
| osB cold and cold
OSB sheathing Rubber roofing climates; house-
Scupper ————— i membrane wraps, building
it - — Rigid insulati paper in all
| s ahon other climates)
I
[ e N e e
Sealant ! (T T T I T (T LR 7T
Rigid insulation T nononononononon A nonnonon o
OSB VI WANANARANA [} Vv g NARARARENA!

Cavity insulation
Sealant

Polymer modified (PM) —
or traditional cement
stucco

Metal lath ———»

Building paper bond
break over drainage
plane

Vs b \
U u N

(R

\ (Y RYRYRYERY] |
(U A A VA VI VR VR V)
g \

\

R T S T T T
S

(BIR

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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OSB sheathing

Scupper 4/2

Metal cap

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

Two layers OSB

High density spray
foam insulation

Polymer modified (PM) or —»

traditional cement stucco

Metal lath

Building paper bond break—

over drainage plane

L Gypsum board with semi-

permeable (latex) paint

—— Cavity insulation
Sealant, adhesive or gasket at

——ye———

Coping wedge
' OSB
| Rubber roofing
i membrane \
|
| »
| ~ - - = 7 - = =
: ""—TT‘T\":'T‘_:_T:’
: L ~—— ST TS
| ) 5 2
| e e 875
I LS~ A it L S S
| \
|
|
|
|
|
|
|
|

top plate
Caulking or sealant
Cavity insulation

1/4" cant/ft

Building Science Corporation
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Map of DOE's Propused Climate Zones

Nd Moist (A)

Warm-Humid
Below White Line

March 24, 2003

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 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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Rain screen ——»

Thermal control ——
layer

Venting protective
cover

Thermal control

Structure

Air control layer, vapor
control layer and draining
membrane

I—— Air control layer, vapor
control layer and water
control layer

|—— Structure

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

Building Science Corporation
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Parapet Sashing

Fully-adherod water
‘control mombrane

Alr controd layer
transition membrane

Fiberglass bast 7777
insulasion

Gypsum sheathing

Buslging paper

Fiberglass batt

insulation

of l-beam)
Backer rod fils gap

Light gauge steel framing
(instalied sightly proud

Fully-adhered oot mombrane
Rigid insulation

Pool and stick

Inserior Gypsum board

transson membrane: Open web steel joist
air and water control
Buikding paper

Dropped cading tles.

Building Science Corporation
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Parapet flashing
Fully-adhered wat - igi
okl memceeme [ ntaon ™

air and water control

Air control layer 4
Fiberglass batt w7
i g
Water, d —
co?“‘i&“’zl ”‘::’ bz
ly-adher
Peel and stick //////

[ | membrane to block airflow from roof to parapet

- Backer rod
/ - Perimeter of roof insulation wrapped in air control

|/ Fully adhered roof membrane

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

/ / /
[

transition membrane;
air and water control

Water, air and vapor
control membrane;

preferably mlry-adf\eved F;;;;I

g
insulation %
Backer rod fills 7/

Peel and stick g ///

\ \— Metal deck
Light gauge steel framing
(nns!alled sl:ghlly proud

of I-beam) \

- Air ooﬂ(rol membfane

' Open web steel joist

Deflection track allows space
for sheathing to move

Building Science Corporation
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210 spray
polyurethane foam

Metal blocking
between steel studs

Water, air and vapor —
control membrane;
preferably fully-adhered

ramm

~ Perimater of roof insulation wrapped in air control
membrane 1o block airflow from roof to parapet
— Fully adhered rool membrane

[~ Two (2) layers insulation: joints

[ staggered homonnlymvomaly

Metal deck

L Air control
membrane

Building Science Corporation
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Parapet flashing ——
\ — Tapered rigid insulation
Fully-adhered water v\ / ——— Grout and reinforce
control membrane ", \ / / parapet CMU as per
/ / structural requirements
P——
- ——y
[~ Cant
| /—Wood blocking
[/ 1~ Perimeter of roof insulation wrapped in air
[/ | control membrane to block airflow from roof
[/ | toparapet
Fully adhered roof membrane
[~ Two (2) layers insulation; joints
staggered horizontally and vertically
Fully-adhered water,
air and vapor control
membrane
Peel and stick
transition membrane; p— -
air and water control 7 L N\ Deflection space
7 Backer rod to fill
7/ deflection joint and
- debond water and air
= barrier
/7
Building Science Corporation
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Parapet flashing ——
',' — Tapered rigid insulation
Fully-adhered water v\ /’ —— Grout and reinforce
control membrane \ ) / / parapet CMU as per
I / structural requirements
e —
~ Backer rod
- Perimeter of roof insulation wrapped in air
| control membrane 1o block airflow from roof
to parapet
— Fully adhered roof membrane
|~ Two (2) layers insulation; joints
|| staggered horizontally and vertically
v |
|
Fully-adhered water,
air and vapor control
membrane
Peel and stick
transition membrane;
air and water control jon apace
Backer rod to fill
deflection joint and
debond water and air
barrier
Building Science Corporation
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— Cant

— Engineered wood blocking
roof membrane
~Perimeter of roof insulation wrapped in air control
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Roofs

membrane to block airflow from roof to parapet
Y

|

Peel and stick
transition membrane;

— Fully adhered

/ — Two (2) layers insulation; joints
/ / i and i

/

\ /.
Air cwlél\n}embmne

‘
‘
L Metal deck

air and water control

Light gauge steel framing
roud

. _ ight g
Fiberglass batt - (installed slightly
insulation of I-beam)
7
Backer rod fills gap ——
\
— Open web steel joist
Deflection track allows space

for sheathing to move

Peel and stick
transition membrane; 7/

air and water control
W

Fully-adhered water,
air and vapor control
membrane 7 -
Building Science Corporation
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r~ Fully adhered roof membrane
— Perimeter of roof insulation wrapped in air control
membrane to block airflow from roof to parapet

— Cant

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

\
\ //\\
— Air control membrane

Peel and stick

air and water control
7/ -

\ Metal deck
Light gauge steel framing
(installed slightly proud
of I-beam) \
\
\
L \

Fiberglass batt -
insulation _r
Backer rod fills gap
Peel and stick — \
transition membrane; 7/ ' Open web steel joist
air and water control
Deflection track allows space
for sheathing to move
Fully-adhered water,
air and vapor control
membrane 7 o
Building Science Corporation
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OSB sheathing

Roofing membrane

Roof deck (joints
taped)

Cover board
/ Rigid insulation

Spray polyurethane
foam (upside down “L")

Rim closure material
OSB sheathing

Water control layer

Drainage mat

backed lath

Stucco over paper- —»

i

v" " ol
E 1
1o}

[ —1 Cavity insulation

Gypsum board with semi-
permeable (latex) paint

Cavity insulation

Building Science Corporation
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OSB sheathing

Rim closure material
OSB sheathing

Water control layer

Drainage mat

Stucco over paper-
backed lath

Roofing membrane

Roof deck
Spray polyurethane foam

— Cavity insulation
Gypsum board with semi-
permeable (latex) paint

Cavity insulation

Building Science Corporation

Joseph Lstiburek 118
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/7 Roof insulation

Protected
roof vent

\— Class Il vapor retarder
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