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A Building is an Environmental Separator

Building Science Corporation

Joseph Lstiburek 3

. 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 4
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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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<« Control layers
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<« Earth
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Lstiburek

Roof
H Wall
I
fl
Slab
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L_L Parapet
: Roof
: Wall
Slab
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Parapet
1
: Roof
: Wall
Footing Slab
]
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Parapet
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[ Roof
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Window I’E‘ Wall
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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

Building Science Corporation

Joseph Lstiburek 17

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
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Building Science Corporation
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Building Science Corporation
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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
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Commercial Enclosure: Simple Layers

Structure
Rain/Air/VVapor

Insulation
Finish
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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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Lstiburek
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Building Science Corporation
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Building Science Corporation
Joseph Lstiburek 41

Building Science Corporation
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Building Science 2009
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Building Science 2009
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Lstiburek

Building Science Corporation
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Target Range |

[<— Winter Summer

Uncomfortably !
Dry* i

o—ﬁs 100

20 65

Relative Humidity (RH) %

Building Science Corporation
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Water Vapor Permeance vs. Relative Humidity
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Mean Relative Humidity, %

4, = Dry cup permeance
1, = Wet cup permeance
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Water Vapor Permeance of Sheathing Materials
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Water Vapor Permeance of WRB’s
100 Felt

ASK

Tyvek®

Typar®

Water Vapor Permeance, US perms

WeatherSmart™
WeatherMate™
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Average sorption isotherm for wood as a function of temperature

From Straube & Burnett, 2005
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Sorbtion Curves for Hygroscopic Materials
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Sheathing

Penetrating
Water

Building Science Corporation
Joseph Lstiburek — Rain Control 80
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Sheathing
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Rain Screen
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Beer Screen?
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Building Science Corporation
2010
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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

Joseph Lstiburek 95

Steel studs
Sheathing

Fully-adhered air and
water control layer

Continuous insulation
layer

Cold
formed
clip angle

Metal panel

Building Science Corporation
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Order of Magnitude
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Order of Magnitude

1t010

10 to 100

100 to 1000

1000 to 10000

First Order Effects, Second Order Effects....

Building Science Corporation

Joseph Lstiburek 3

Laws of Thermodynamics

Building Science Corporation

Joseph Lstiburek 4
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Zeroth Law — Equal Systems

First Law - Conservation of Energy
Second Law - Entropy

Third Law — Absolute Zero

Building Science Corporation

Joseph Lstiburek 5

2"d Law of Thermodynamics

Building Science Corporation
Joseph Lstiburek 6
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Lstiburek

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 7

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 8
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Lstiburek

Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Building Science Corporation
Joseph Lstiburek 9

Moisture Flow Is From Warm To Cold
Moisture Flow |Is From More To Less

Thermal Gradient — Thermal Diffusion
Concentration Gradient — Molecular Diffusion

Building Science Corporation
Joseph Lstiburek 10
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Lstiburek

Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Thermal Gradient — Thermal Diffusion
Concentration Gradient — Molecular Diffusion

Vapor Diffusion

Building Science Corporation
Joseph Lstiburek 11

Thermodynamic Potential

Building Science Corporation
Joseph Lstiburek 12
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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 15

Damage Functions

Water

Heat

Ultra Violet Radiation
Oxidization (Ozone)
Fatigue (Creep)

Building Science Corporation
Joseph Lstiburek 16
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The Three Biggest Problems In Buildings Are
Water, Water and Water...

Building Science Corporation
Joseph Lstiburek 17

80 Percent of all Construction Problems are
Related to Water

Building Science Corporation
Joseph Lstiburek 18
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Heat
Air
Moisture
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HAM
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Hygrothermal Analysis

Building Science Corporation
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Solar radiation #

Rain >
Heat exchange

‘ ' with indoors

Vapor exchange
‘ ' with indoors

Heat exchange ' '
with outdoors

Vapor exchange ' '
with outdoors

NNNNNNNNSNNA

Building Science Corporation
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Melt
Solid - Liquid
(ice) = Freeze (water)
Frost Condense
Sublime Evaporate

Lstiburek

Gas
(vapor)

Adsorb Desorb

Adsorbed
(surface
layers)

Building Science Corporation

Joseph Lstiburek 23

Moisture Transport in Porous Media

Phase Transport Process Driving Potential
Vapor Diffusion Vapor Concentration
" Adsorbate Suface Difiusion ~ Concentraion
" liqud Capilary Flow  SuctionPressue
Osmosis Solute Concentration

Building Science Corporation

Joseph Lstiburek 24
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Moisture Transport in Assemblies

Phase Transport Process Driving Potential
Vapor Diffusion Vapor Concentration
Convective Flow Air Pressure
Adsorbate Surface Diffusion Concentration
Liquid Capillary Flow Suction Pressure
Osmosis Solute Concentration

Gravitational Flow
Surface Tension
Momentum
Convective Flow

Height

Surface Energy
Kinetic Energy
Air Pressure

Building Science Corporation
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(&)
o
(o]
(o]
(0]
) (o]
Higher Dewpoint Temperature Low Dewpoint Temperature
Higher Water Vapor Density Lower Water Vapor Density
or Concentration or Concentration
(Higher Vapor Pressure) (Lower Vapor Pressure)
on Warm Side of Assembly on Cold Side of Assembly
Higher Air Lower Air
Pressure Pressure
Building Science Corporation
Joseph Lstiburek 27

Vapor
Pressure

difference

@
558
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L
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4x8 sheet of

gypsum board u
Interior at 70°F

and 40% RH 1/3 quart

of water

Zz

4x8 sheet of
gypsum board
with a 1 in2 hole
Interior at 70°F
and 40% RH

AR "%oe
[ { I‘ {
[ § 1 % ¢ ¢!
[ § 1 8§ ¢ ¢!

3
1 4 8 1 1
EEENEEN

30q
of water

Building Science Corporation
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Exterior
ATHF
dowpolut 4x8 sheet of
gypsum board
ol A T¥
and 50% RH 1'/; pints
of water
Z
e 4x8 sheot of

gypsum
with a 1 in2 hole

Interior at 75°F
and 50% RH

an g, i
(
v

[ 1 1 {1 |

 § 1 1

14 pints of water

Building Science Corporation
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2T, 75°F

1T
RH = 50%

1T, 60°F

2T, 75°F

1T
RH = 100%

1T
RH =50%

2T, 75°F

15T
RH =75%

Building Science Corporation
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90°F
50% RH

\

60°F
50% RH

45°F
50% RH

W}
30°F
50% RH

Building Science Corporation
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Heating
35°F 70°F
90% RH 30% RH
Building Science Corporation

Joseph Lstiburek 33

Cooling Reheat

90°F 9 +B5°F- 4 75°F
90% RH ¢ 100% RH 40% RH
e —
\-Condensation

Joseph Lstiburek 34

Building Science Corporation

Lstiburek
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Building Science Corporation

Joseph Lstiburek 35

Example: Air leakage wetting of sheathing
Interior: 21 °C/40% RH
Exterior: -10 °C/85% RH

RSI 2.11 batt in studspace
RSI 1.40 insulated sheathing

Saturation = 100% RH

touk!oor

Exterior RH

Temperature (C)

Cooling and condensation

From Straube & Burnett, 2005

Building Science Corporation

m 20
r 15
Moisture
Content
r10 (gke)
+5
0
30
Joseph Lstiburek 36
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Building Science Corporation
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Lstiburek

Wood Fiber

Fibers get much thicker than longer
when they pick up moisture

Studs get much wider and thicker,
but not much longer, when they pick up moisture

Building Science Corporation
Joseph Lstiburek 41

Machine
direction

Building Science Corporation
Joseph Lstiburek 42

© buildingscience.com

21 0f 94



Building Science Boot Camp Heat, Air and Moisture September 25, 2015

Building Science Corporation
Joseph Lstiburek 43

Building Science Corporation
Joseph Lstiburek 44

Lstiburek © buildingscience.com 22 of 94



Building Science Boot Camp

Lstiburek

Heat, Air and Moisture

September 25, 2015

Building Science Corporation

Joseph Lstiburek 45

Building Science Corporation

Joseph Lstiburek 46

© buildingscience.com

23 of 94



Building Science Boot Camp

Lstiburek

Heat, Air and Moisture

September 25, 2015

Building Science Corporation

Joseph Lstiburek 47

Building Science Corporation

Joseph Lstiburek 48

© buildingscience.com

24 of 94



Building Science Boot Camp Heat, Air and Moisture September 25, 2015

Rain and Airflow Missing

Building Science Corporation
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Building Science Corporation
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Recall That Rain and Airflow Are Missing

Building Science Corporation

Joseph Lstiburek 51

Moisture Transport in Assemblies

Gravitational Flow
Surface Tension
Momentum
Convective Flow

Phase Transport Process Driving Potential
Vapor Diffusion Vapor Concentration
Convective Flow Air Pressure
Adsorbate Surface Diffusion Concentration
Liquid Capillary Flow Suction Pressure
Osmosis Solute Concentration

Height

Surface Energy
Kinetic Energy
Air Pressure

Building Science Corporation
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»
*

Water i
film ——> =l

el
2 »
L
L

=

Capillary suction draws
water into porous material

and tiny cracks

Cavity

Water
film

capillary water interrupting flow

Cavity acts as capillary
break and receptor for

Building Science Corporation
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Rain droplets can be
carried through a wall
by their own momentum

Rain entry by momentum
can be prevented by designing
wall systems with no straight
through openings
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Water

Water :
film

film ——>

Rainwater can flow around
a surface as a result of
surface tension

Kerf ———

Providing a kerf or drip
edge will promote the
formation of a water
droplet and interrupt flow
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Flashing
with drip

2
¥

Rainwater can flow down
surfaces and enter through
openings and cavities

PN | E T

Flashings direct gravity
flow rainwater back toward

the exterior
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Exterior air  Cavity air Interior air
pressure  pressure pressure
(Pe) (Pe) (P)

.‘~“L_v_
maZ il

4 *
V. o

Pe > Pc > Pj

Driven by air pressure differences,
rain droplets are drawn through
wall openings from the exterior

to the interior

Exterior air Cavity air Interior air
pressure pressure pressure
(Pe) (Pe) (Py)

b4
LB B -
>
7,
j— — -

e

l Pe=Pc>Pj

By creating pressure equalization
or pressure moderation
between the exterior and cavity air,
air pressure is diminished as a
driving force for rain entry
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All We Have To Figure Out Is How Much Hits

The Wall
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All We Have To Figure Out Is How Much Hits
The Wall

We Need Straube and Kuenzel
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Exposure

Extromo - Over 60"
i ! 40°- 60"
Moderate : 20 A7
Low l:l Under 20"
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Solar
radiation
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Solar vapor
drive
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Adsorbed Water
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Monolayers of
adsorbed water
increase with
increasing RH
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Monolayers
flow along surface
following concentration gradient

>
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— “Blister”
Fiberboard
coverboard \
Two-ply \
built-up asphalt \
roof membrane

— Modified bituminous
system (MBS) covering

Polyisocyanurate
insulation

Fluted steel
roof deck
— Concrete
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Gravel protective
cover

Top pour

Felt ply
Interply layers
Adhering layer

e 4 . ; L g . : e P
: A : . A ¢ <«— Deck, insulation
: . : . or cover board

From Baker, M.; Roofs, 1980
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Monolayers of
adsorbed water
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—— Curvature
("meniscus”)

D}

00000060600)
XX XXX XXX X)

CLELX XXX XX

.
I Small Large
pore pore
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* “non-wetable” surface

« water repellant surface

« hygrophobic surface

« water more attracted to itself than to surface

« surface energy of water greater than surface
energy of surface

« water “beads up”

« “greasy” surface

« high contact angle “6”

« “wetable” surface

« non-water repellant surface

« hygroscobic surface

« water more attracted to surface than itself

« surface energy of surface greater than surface
energy of water

« water “spreads out”

« “non-greasy” surface

« low contact angle “8”
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(@ I,

Non-wetting Partial wetting
6>90° 6=90°

Wetting Perfect wetting
6<90° 6=0°
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Contact Angle vs. Time for Pine

Average contract anige (degrees)

8 10 12 14 16 18 20 22
Time (seconds)
-4 Radiata pine untreated

Adapted from the Forest Products Laboratory
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Building Science 2008

Joseph Lstiburek — Rain Control 96
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Surface Energy

Water (20 C) 73 dynes/cm
Water (100 C) 59 dynes/cm
Epoxy 46 dynes/cm
Polyethylene 31 dynes/cm
Soapy water 30 dynes/cm
Paraffin wax 25 dynes/cm
Silicone 24 dynes/cm
Teflon 18 dynes/cm
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Calculating capillary rise

Building Science Corporation
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Capillary rise versus diameter
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Building Science Corporation
S
j Curvature
S ("meniscus”)
i
Si + Hydrogen atoms (+)
“reach” upwards toward
; oxide (-)
Si
\
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1000

Surface Area
per cc, m?

0.1
0.01
0.001

b + + - + “ + 0.0001

0.00001  0.0001 0.001 0.01 0.1 1 10
Radius, mm

Surface area vs. particle size
From Straube & Burnett, 2005
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Concrete slab

Polyethylene
vapor barrier

Granular
capillary break
and drainage
pad (no fines)
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‘s
i
. ntnniuu
Apnin it
Capillary breakon ——»f
exterior foundation wall e
Capillary break under
’/ slab
& ‘a &
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Hutcheon-Paxton Experiment

Water concentration Salt concentration

S == -
- 1 N N -
— 2 = ! |
No temperature s TS = oS
difference i \ /
- — — 5 =
X
o = A — ~
\ N\

Water concentration

HOT

Applied
temperature
difference

Vapor diffusion

<
<t
Condensation T Evaporation
>

Capillarity Surface diffusion
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''''' — Kelvin (condensation)
—-—--- Rounsley (adsorption)
Actual measured

moisture
content
4.
/
4 : )
100

g relative humidity

Typical predicted sorption isotherm according to Kelvin equation
and modified BET theory
From Straube & Burnett, 2005
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moisture
content
(%)

relative humidity (%) '°°

Typical sorption isotherm of a

hygroscopic material
From Straube & Burnett, 2005
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Concrete
Brick
0
0 20 40 60 80 100
Relative Humidity (%)
Water held in porous materials at various relative humidities
From Hutcheon & Handegord, 1983
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20 —-T=27C
- T=49C 2
Moisture +-T=76.7
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c 4 A 4 4
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Relative Humidity (%)
Average sorption isotherm for wood as a function of temperature
From Straube & Burnett, 2005
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Water Vapor Permeance vs. Relative Humidity
10.0

70 A1

6.0 -

50 -

40 - Dry cup limits

B e maomsinti do) s BB S iy (it s Db 1

test results

Water Vapor Permance, US perms

test results

0 T T T T T T T
0 10 20 30 40 50 60 70 80 90 100

Mean Relative Humidity, %

y, = Dry cup permeance
1, = Wet cup permeance
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| ASHRAE (2009)
9
——4&—— Burch et al. (1992)
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Kraft facing per as a function of humidity (Glass 2013)
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Water Vapor Permeance of Sheathing Materials
100

90

80

70 4

60

50 4

40 1

Wet Cup

Plywood
30 1

Dry Cup

20 A

Water Vapor Permeance, US perms

10 osB

0 - T T T T T T 1

0 10 20 30 40 50 60 70 80 90 100
Mean Relative Humidity, %

2000 T

1600 +

1200 +

Permeance
(ng/Pa s m?)

800 +
=0—11.1 mm OSB
=0O—12.7 mm Plywood
400 +
0 f t t t i
0 20 40 60 80 100

Relative Humidity (%)

Vapor permeability test results for wood-based products as a function of RH
[Kumaran et al 2002]
From Straube & Burnett, 2005
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Outside Inside
70°F
O°F \ Dewpoint
—_— (50% RH, 70°F)
Location of

<
. condensation
Exterlo_r o and frost
sheathing

Building Science Corporation

T

Joseph Lstiburek 123

Building Science Corporation

Joseph Lstiburek 124

Lstiburek © buildingscience.com 62 of 94



Building Science Boot Camp Heat, Air and Moisture September 25, 2015

%
Sensible Heat ~ 14.2 JigiK [ / Vapor
Latent Heat 2250 J/g
Energy
Sensible Heat 7142 g Liquid
LatentHeat 333J/g .....................................
2.1 JIg/iK Solid
1 1
0 273 373
Temperature (K)
Simple linearized energy-temperature relation for water
From Straube & Burnett, 2005
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The inside face of the
exterior sheathing is
the condensing surface
of interest 80 T T T T [ T
70 ‘ o~ \ Dew point temp.
» ‘ / \ at50% RH., 70°F h
Wood-based siding . | /
4 ! ! | {
Building paper ey : \ "‘
, < 50 /
Exterior ] £ ‘ Mean monthly outdoor — /
Y ;o 5 | temperature = s
R-19 cavity insulation in wood g 40 | T R T
frame wall % ‘ ‘ 1‘.\ \ Potential for
30 t 1
[ Dew point temp, —— N v
20 } at38%RH, 7OF == =\= =& T"."'
Gypsum board with any paint or 10 Dew point temp. l‘
wall covering \ at20% RH., 70°F —— ‘
1 L 1 1 1 1 1
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
Month
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The inside face of the
insulating sheathing is
the condensing surface
of interest 80 T T ‘ T
7 ' —
70 / | temperature (R-7.5 sheathing,
) [ —4 | R-13 cavity insulation as
Wood-based siding b—1 60 // A /~shown in adjacent drawing) —1
1 T \v ‘
— S M thly outd —
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= 2 w0 \— e " el B SR
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Figure 8-7. Outside vapour pressure, saturated vapour pressure

and inside vapour pressure for Winnipeg.
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Outside
Roof sheathing

Condensation and frost
accumulating on underside
of roof sheathing

Attic

Attic
insulation

Dewpoint
Inside
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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 ?ondensatiorl'n and
insulation are Atti fOSll aCC'UTT!lty ating
radiation-coupled ic on top of attic
insulation

Attic
Inside insulation
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— 75°F

Fiberglass cavity
insulation

61-62°F

t......... o000
Water

droplets

61-62°F

Floor assembly
and ground are
radiation coupled

Crawlspace air
(65°F dewpoint)

Ground

Water
droplets
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Wood siding

(all surfaces painted)
Air space

173" OSB sheathing
Furring

Sealant, adhesive
or gasket

Adhesive

Sealant, adhesive
or gasket

Crawdspace vent at top
of foundation wall

Masonry foundation
wall

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

Unfaced batt insulation
4 Gypsum board with semi-
vapor permeable (latex)
paint

nder bottom plate

Sealant (typ.)
Rigid

Batt insulation

Capillary break
Sealant
Treated wood nailer

Sealant, adhesive or gasket

Sealant at corner of bottom
plate and subfloor or gasket

Rigid insulation (fire-rated,
\ taped and sealed joints)

Building Science Corporation

137
Vinyl or
a_luryn'lnum ~al b Unfaced batt insulation
siding b |l Gypsum board with semi-vapor permeable
Rigid insulation ——3- b (latex) paint
;lgp;t)! or sealed I Sealant, adhesive or gasket
join!
" Sealant at corner of bottom plate and subfloon
greglaasn&adhewe or gasket under bottom plate
19 %T X
Sealant \ \IVK] 1! \M
il L \
Rigid insulation b Sealant
Sealant, ———w#i| \(taped or sealed joints) I
adhesive or gasket n\ - Protection board ~
T Capillary break i
Il I
Il I
Il I
Il I
Il |— Pier I
Il
I
Il
Building Science Corporation
138

© buildingscience.com

69 of 94



Building Science Boot Camp Heat, Air and Moisture September 25, 2015

Lstiburek

Airspace Wood-based
\ subfloor \

ALY | N

Gypsum board j Rigid insulation J

Cavity insulation

Building Science Corporation
Joseph Lstiburek 139

Wood- based
subfloor

W A Wm WY

Gypsum board j Rigid |nsulat|on

Cavity insulation
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Wood-based
subfloor \

Y

§

Y

§

<7

§

<7

§

Y

§

o

}

i

Gypsum board J

Cavity insulation
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Water control
layer

Cladding

Exterior
sheathing

Interior gypsumj

board
Cavity insulation
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Water control
layer

Cladding

Exterior
sheathing

Interior gypsumj

board

Cavity insulation
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A A
\ 4 \ 4
A
-/
Insulated

glazing unit
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Outside

Inside

Outside Inside

Outside
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Cladding |7 7|
ventilation j }
- -
Outer lining Inner lining
leakage leakage
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Ji

Cladding
ventilation

Insulating sheathing
leakage

1

NNNNNNNNNNN

Inner lining
Outer lining leakage
leakage
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Brick veneer ———————»

Air space

insulation

Building paper

Gypsum sheathing

Fiberglass cavity

<—————— Interior gypsum board

®

Metal studs are perforated
permitting air to be drawn
through wall cavity

— ©

Ll_b.o|ob|o C>|O CkO O]O'loT

Interconnected hollow wall
cavity constructed from metal
studs with punched openings
acting as an air duct

Interior spaces are at a positive
pressure relative to the exterior

Building Science Corporation
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Wood or fiber cement siding

Furring or spacer strip

Building paper, housewrap or building

wrap (PinkWrap® Housewrap)

Plywood or OSB sheathing

EcoTouch® Pink® Fiberglass Insulation

in cavity

Gypsum board

Latex paint

Flow-Through
Assembly
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Continuous >
ridge vent

Attic ventilation

Shingles
Water control N\

layer 2
Vapor
Flow-Through
/ EcoTouch® Pink® BSswRy,
x Fiberglass Insulation
g:&:'cgg;’s or blown insulation
Wood or fiber cement ——» - Latex paint
siding
Furring or spacer strip » Gypsum board
Building paper, H .
housewrap or building E,COTOUCh@ Ploke® :
wrap (PinkWrap® flberglass Insulation
Housewrap) in cavity
Plywood or
OSB sheathing
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"
—
>'“—-<

Wood or fiber cement siding

1 P—_ D

Furring or spacer strip - %
=

Exterior rigid insulation (Foamular® i

Extruded Polystyrene (XPS))
>-<_<

EcoTouch® Pink® Fiberglass Insulation =

in cavity =
—
h\

Gypsum board - é‘ﬂ
=
b—")

Latex paint N
]

Control of Condensing
Surface Temperature
Assembly

Building Science Corporation
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Subarctic/Arctic

~

Building Science Corporation

Joseph Lstiburek 157

Extromo - Over 60"
High - 40”- 60"
Moderate : 20 A7
Low I:l Under 20"
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Los Angeles, CA

-
%

F0.022

r0.020

r0.018

r0.016

r0.014

r0.012

r0.010

r0.008

Absolute Humidity (Ibflbary)

r0.006

r0.004

r0.002

L — T T T T T T T T T
104 176

T T T T T T T T T T
248 320 382 464 536 608 680 752 824 896

Drybulb Temperature (°F)

| 0.000
96.8

Building Science Corporation
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Minneapolis, MN

Absolute Humidity (Ibflbary)

32 104

T T T T T T T T T T
176 248 320 392 464 536 608 680 752 824

Drybulb Temperature (°F)
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Lansing, Mi

Absolute Humidity (Ibflbary)

T T T T T T T T T T T T
32 104 176 248 320 392 464 536 608 680 752 824 896

Drybulb Temperature (°F)

Building Science Corporation
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Las Vegas, NV

100%

T
<
=
N
Absolute Humidity (Ibflbary)

T
176 248

T T T T T T T T T T T T T T T T T T T T T
320 382 464 536 608 680 752 824 896 968 1040

Drybulb Temperature (°F)
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Seattle, WA

Absolute Humidity (Ibflbary)

L 0.000
896

L — T T T T T T T T T
32 104

T T T T T T T T T T
176 248 320 392 464 536 608 680 752 824

Drybulb Temperature (°F)
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Don’t Do Stupid Things
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A

Moist (A)

Warm-Humid
Below White Line

All of Alaska in Zone 7
except for the following
Boroughs in Zone 8

Baethel Northwest Arctic
Dellingham

Southeast Fairbanks
Fairbanks N, Star  Wade Hampton Zone 1 includes
No Yukon-Koyukuk Hawail, Guam, 1
North Slope Puerto Rico,
and the Virgin Islands
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Slotted anchor at
non-bearing walls

Float drywall at wall corners
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Interior Conditions

Temperature: 75°F
Relative humidity: 60%
Vapor pressure; 1.82 kPa

Exterior Conditions
Temperature: 80°F
Relative humidity: 75%
Vapor pressure: 2.49 kPa

Conditions within Cavity:
Temperature: 100°F
Relative humidity: 100%
Vapor pressure: 6.45 kPa

Solar radiation
strikes wall
Brick veneer is saturated ———————»
with rainwater
Vapor is driven both inward and

1-inch air space % outward by a high vapor pressure

Felt paper differential between the brick and
Pepss _ the interior and the brick and the

F ing exterior.

Polyethylene I ' '

Interior gyp board 7T —

« Itis not a good idea to install a vapor barrier (polyethylene) on the
inside of an air conditioned assembly. Vinyl wall coverings and foil-
backed batt cavity insulation should also be avoided.

« Vapor permeable exterior sheathings, housewraps or building
papers should not be used with absorptive claddings such as
brick veneers unless a ventilated cavity is provided in conjunction
with high inward drying potentials (i.e. no interior polyethylene vapor
barriers).

« Failure will occur when brick is installed over a frame wall constructed
with felt paper, fiberboard sheathing and an interior polyethylene vapor
barrier. Kraft-faced fiberglass batts should be used in place of unfaced
batts and a polyethylene vapor barrier. OSB, plywood or foam sheathing
should be used in place of the fiberboard sheathing.

« Similar problems occur with stucco.

Building Science Corporation

Joseph Lstiburek 178
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Air
outlet

Drainage plane

Clear 1" air space open at both

Brick veneer back-
ventilated to flush
inward-driven moisture
out of assembly

bottom and top

Seat in foundation acting as flashing

« To effectively uncouple a brick veneer from a wall system by using
back ventilation, a clear cavity must be provided along with both
air inlets at the bottom and air outlets at the top

Building Science Corporation

Joseph Lstiburek 179

Brick veneer -

Drainage or
weep opening

——— Drainage plane

Impermeable rigid insulation

Drainage space (/4" or greater)

———— Seat in foundation acting as flashing

« To effectively uncouple a brick veneer from a wall system by using a
condensing surface, the drainage plane must also be a vapor barrier
or a vapor impermeable layer (i.e. rigid insulation) must be installed
between the drainage plane and the brick veneer. Alternatively, the
rigid insulation can be configured to act as both the drainage plane
and vapor impermeable layer.

+ When a condensing surface is used to uncouple a brick veneer from
a wall system, a ventilated air space is no longer necessary — i.e. the
presence of mortar droppings is no longer an issue. Additionally, the
width of the drainage space is almost irelevant.

Building Science Corporation
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Lstiburek

Building Science Corporation
Joseph Lstiburek 181

Building Science Corporation
Joseph Lstiburek 182

© buildingscience.com

91 of 94



Building Science Boot Camp Heat, Air and Moisture September 25, 2015

Building Science Corporation
Joseph Lstiburek 183

Masonry (‘reservoir”)

Foil-faced fiberblass
“blanket” insulation

| = \
Rain water Solar radiation
strikes wall 3 strikes wall
e Foil is interior Cool air
- vapor baner conditioned
® interior
1. 2.
+ Rain water is deposited on + Solar radiation heats exterior
exterior face of masonry while A/C cools interior
+ Rain water enters masonry + Moisture is driven inward,
through paint layer condenses on foil vapor barrier

and runs down wall

Building Science Corporation
Joseph Lstiburek 184
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Acrylic latex paint layer (vapor
open, minimum 15 perms or
greater at 9 mils dry film thickness)

Expanded polystyrene (no facings)
Painted gypsum board (latex paint;
no wall coverings)

Air space

Metal channels (EPS is

continuous behind metal
channels)

Building Science Corporation

Joseph Lstiburek 185

Roof membrane extends
up back side of parapet

Gypsum protection board
Pressure bar
— Roof membrane

L One layer rigid insulation
“Fluted” metal deck

Building Science Corporation
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Solar radiation
strikes wall

Absorbed rain water on ———

~ Absorbed
rain water

Building Science Corporation
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Vented “screen” ——»f

2" airspace

Fully adhered
counter flashing
‘membrane strip

Building Science Corporation
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Rain Control
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Joseph Lstiburek — Rain Control 2
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Lstiburek

Building Science Corporation
Joseph Lstiburek — Rain Control 3
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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
Wall 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 — Rain Control 11
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Joseph Lstiburek — Rain Control 12
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Building Science Corporation

Joseph Lstiburek - Foundations 13

Building Science Corporation

Joseph Lstiburek — Rain Control 14
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Lstiburek

Building Science Corporation
Joseph Lstiburek — Rain Control 15
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Building Science Corporation

Joseph Lstiburek — Rain Control 17
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Stucco rendering

Masonry wythe

Exterior

Vertical wood furring

««—— Plaster and lath

Interior

Building Science Corporation

Joseph Lstiburek — Rain Control 19
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Lstiburek

Building Science Corporation
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Building Science Corporation
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Lstiburek

Building Science Corporation
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—
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Building Science Corporation

Joseph Lstiburek 30
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Lstiburek

Building Science Corporation
Joseph Lstiburek 31

T L i

o - o ST

"
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T Ty T ——

Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 34
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Lstiburek

Building Science Corporation
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Building Science Corporation
Joseph Lstiburek — Rain Control 36
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Lstiburek

—
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Joseph Lstiburek — Rain Control 37
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Lstiburek

Building Science Corporation
Joseph Lstiburek — Rain Control 39
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Hydrostatic
pressure

Hydrostatic
pressure
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0@
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Building Science Corporation
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Hydrostatic
head

A

—— Cladding
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mph

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

0 100 200 300 400 500 600 700 800 900
Pa

1000
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Building Science Corporation
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Plywood/OSB
sheathing

Water control
layer

3/s” spacer strip
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Lstiburek
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Lstiburek
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Building Science Corporation

Joseph Lstiburek — Rain Control 60
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Building Science Corporation

Joseph Lstiburek — Rain Control 61

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

%

v

° Cup drains water
to exterior

Building Science Corporation
2011

Joseph Lstiburek 62
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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 63

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
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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

Joseph Lstiburek 65

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 ™=

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

Entire wind

| e pressure

assembly “_ taken here
Air enters and sl Pressure
pressurizes chamber
chamber
-—_ee e e - - - E =1 - - -,

Building Science Corporation
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Pressure
moderated
chamber

Interior air seal

Beveled wood
siding

Adhesive -backed
sill flashing

Housewrap ———————»

Sheathing

Building Science Corporation
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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 73

Drainage space
/ Backer rod

Sealant

Sealant ——
\

Backer \
rod \

‘—— Exterior face of
cladding

h \ Drainage opening

Building Science Corporation
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Lstiburek

max (e ==

ci
& —7
/3
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Lstiburek
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)

)/ / i
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SN
|
L

-

Building Science Corporation

Joseph Lstiburek 87

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

Building Science Corporation
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Building Science

, Ballast

200 ASNIAUH IS0 98X 4 .
SRR I a0 R sttt «—— Filter fabric
<« Control layers

< Roof structure

Building Science Corporation

Joseph Lstiburek 2
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Ballast (rock, pavers, earth)

Filter fabric

Extruded polystyrene
m&&p msulatlon

Sloped concrete topping; slope
minimum 2% to drains

VA AV AV AV AV AV AVAYAVAYAVAYAVAYAVAYAVAVAVAVAYAVAVAVAVAVAY. VaVAVAVAVAYAVAYAVAVAVAVAVAVAVAVAVAVAVAYS VA%

September 25, 2015

A g
o <«———Concrete structural deck
N Drainage gap, i.e., drainage mat
or grooved insulation
Fully-adhered roof membrane
Building Science Corporation
Joseph Lstiburek 3
Winter Summer
Air ;;mpggal;_ue Sun A (Y)e(meeﬁl:re
of 0
(-:m:gwc) (10 10 40°C)
& - Ralnl'
w e [ 4 ’
% wot Yot nigs
® = | ' :, l: . ll
> ' Totic ” 2B / o
| ; 4' 1' :' r—
Root ! Roof ; l’ ’
Temperature | Temperature J Py ”
-40°F ) 194°F . p
(-40°C) (90°C) 14 Water
Temperature Temperature
68-77°F (20-25°C) 68 - 77°F (20 - 25°C)
I
Vapor :
| [
——
i ——
Heat
Loss Air i Cooling Air
Leakage ) Leakage

Adtapted from Baker, M.; Roofs, 1960;
Courtesy Natonal Research Council of Canada

Building Science Corporation

Joseph Lstiburek 4

© buildingscience.com

20of 75



Building Science Boot Camp

Lstiburek
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70 158
60 /\r—ll\ f Membrane 40
50 / \\ 122
40 \ 104
30 1~ Outside air \ 86
3 20 j-—-"‘""* 68?
f-r i
® 10 - 50 ®
[~ - P
2 2
E o 2 E
= =
-10 14
-20 -4
-30 -22
0 4 8 12 16 20 24
Hours of a summer day
From Baker, M.; Roofs, 1980
Building Science Corporation
Joseph Lstiburek 5
70 158
60 140
50 122
40 104
30 86
g T
;.; 20 68 ®
3 — 2
E 10 = Membrane 50 B
g \A g
£ / 32 E
0
] = )
= ’ S - ~ =
10 4 S AN
e Outside air
20 = -4
30 -22
0 4 8 12 16 20 24

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

Insulation

Building Science Corporation

Joseph Lstiburek 7

Insulation moved because of
poor adhesion to deck and
between layers

N
&\
N

N
N

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

Top four courses
of brick and wood
blocking pulled
inward by
contracting
membrane
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Gravel

Bitumen top pour

Felt

Bitumen

Bitumen saturated felt laid
dry and nailed to deck

Dry sheathing or rosin
paper nailed to deck

Wood deck

Building Science Corporation
Joseph Lstiburek 13

Gravel

Bitumen

Felt —

Building Science Corporation
Joseph Lstiburek 14
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Roof membrane

Coverboard

Thermal insulation

¥

Air control layer

N Sheathing
Metal deck

Joseph Lstiburek 15

Building Science Corporation

Building Science Corporation
Joseph Lstiburek 16
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DU

Building Science Corporation

Joseph Lstiburek 17

e

Wind across the corner of a roof
produces a vortex spreading along
edges from the windward corner

Building Science Corporation

Joseph Lstiburek 18
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High parapet

- » Adtupted trom Leutheusser, H.J. 1964,
Courtesy University of Toronko

Building Science Corporation

Joseph Lstiburek 20
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Wall

) — =

Building Science Corporation
Joseph Lstiburek 22
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Roof
H Wall
Building Science Corporation
Joseph Lstiburek 23
Roof
H Wwall
Slab
Building Science Corporation
Joseph Lstiburek 24
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. Parapet
1
: Roof
: Wall
Slab
Building Science Corporation
Joseph Lstiburek 25
Parapet
1
: Roof
: Wall
Footing Slab
Building Science Corporation_I
Joseph Lstiburek 26
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Parapet
F Roof
Window Wall
I
Footing Slab

__ L

Building Science Corporation

Joseph Lstiburek 27

Ballast (rock, pavers, earth)
J Filter fabric
Extruded polystyrene
%O%BCO%OD%%QO OM insulation

Sloped concrete topping; slope
minimum 2% to drains

'Y

A R

o '<¥—Concrete structural deck

AA

Drainage gap, i.e., drainage mat
or grooved insulation

Fully-adhered roof membrane

Building Science Corporation
Joseph Lstiburek 28
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Stone ballast

Filter fabric

Insulation

Drainage space/
drainage layer

Roof membrane
(water control
layer/drainage
plane)

Sloped concrete
roof deck

Concrete
structural deck

Building Science Corporation
Joseph Lstiburek 29

Pavers

Pedestals
Insulation

Drainage space/
drainage layer

Sloped concrete
roof deck

Roof membrane
(water control
layer/drainage
plane)

Concrete
structural deck

Building Science Corporation
Joseph Lstiburek 30
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Planting
medium
Drainage layer/
protection layer

Insulation

Drainage space/
drainage layer

Sloped concrete
roof deck

Roof membrane
(water control
layer/drainage
plane)

Concrete
structural deck

Building Science Corporation

Joseph Lstiburek 31

Concrete
curb or paver

Planting
medium

Sloped
concrete
topping

Concrete
structural
deck

Filter fabric

Root barrier

Water retention
layer/vent and
drainage layer

Insulation

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

Building Science Corporation

Joseph Lstiburek 32
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Building Science Corporation
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Building Science Corporation
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Lstiburek

Building Science Corporation
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 38
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Plaza Decks

Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 40
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Roofs
Open paving Removable for drain
B === [ P
) . [) ™ ) it B

Closed paving with surface drainage

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

Building Science Corporation

Joseph Lstiburek 41

Open paving

— Filter fabric

|| /— Extruded polystyrene rigid
[ insulation (XPS)

Waterproof
membrane |
Drainage mat J
Closed paving with surface drainage
— Pedestal
/ — Filter fabric

/ [ — Extruded polystyrene rigid
[ / | insulation (XPS)

Waterproof — |
membrane |

Drainage mat ——/

Building Science Corporation

Joseph Lstiburek 42
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Building Science Corporation
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Building Science Corporation
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Osmosis

Building Science Corporation
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Paver

Pedestal
Filter fabric

Extruded polystyrene rigid
insulation (XPS)

e

Concrete slab J

Membrane

Building Science Corporation

Joseph Lstiburek 49

Top of membrane
is wet

Vapor
diffusion

Building Science Corporation

Joseph Lstiburek 50
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Vapor
diffusion

Pore condensation

dissolves minerals

creating solute

LA A A A
i «
A P A <]
Building Science Corporation

Joseph Lstiburek 51

Building Science Corporation

Joseph Lstiburek 52
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Building Science Corporation

Joseph Lstiburek 54
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Lstiburek

Building Science Corporation
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Building Science Corporation
Joseph Lstiburek 56
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Building Science Corporation
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Lstiburek

What Is Important For Long Term
Performance?

Building Science Corporation
Joseph Lstiburek 59

What Is Important For Long Term
Performance?

Provide a Protection Layer and Drainage
Mat

Building Science Corporation
Joseph Lstiburek 60
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What Is Important For Long Term
Performance?

Provide a Protection Layer and Drainage
Mat

Isolate the System From Other Building
Elements Such as Planters, Pools and
Landscaping

Building Science Corporation

Joseph Lstiburek 61

What Is Important For Long Term
Performance?

Provide a Protection Layer and Drainage
Mat

Isolate the System From Other Building
Elements Such as Planters, Pools and
Landscaping

Provide Curbs at Penetrations

Building Science Corporation

Joseph Lstiburek 62
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 66
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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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It's a Case of Black or White

Building Science Corporation

Joseph Lstiburek 87

It's a Case of Black or White
Arrhenius

Building Science Corporation
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It's a Case of Black or White
Arrhenius
Every 10 degrees C — double the “badness”

Building Science Corporation
Joseph Lstiburek 89

Parapet Sashing

Fully-adhorod water
control membrane

Air control layer
transion membrane

Fully-adhered roof membrane
Fiberglass ban 177777
insulanon Rigid insulation

Gypsum sheathing

Building paper

Fiberglass batt
nsulation Light
(installed sightly proud

Backer rod fils gap

Pool and stick
transion membrane;
air and water control

Open web steel joist

2} Deflecticn track allows space
| for sheathing to move

Bullding paper

Dropped cading tiles

Interior Gypsum board

Building Science Corporation
Joseph Lstiburek 90
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Parapet flashing ——
\ — Tapered rigid insulation
Fully-adhered water v\ / —— Grout and reinforce
control membrane \

Fully-adhered water,

/ / parapet CMU as per

- / / structural requirements
B

T —

—Cant
| /—Wood blocking
/
[/ ~ Perimeter of roof insulation wrapped in
[/ ,' control membrane 1o block airflow from rooi

| toparapet

— Fully adhered roof membrane

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

air and vapor control
membrane

7

)

Peel and stick

transition membrane; ULl

air and water control .\ Deflection space
Backer rod to fill
deflection joint and
debond water and air
barrier

Building Science Corporation
Joseph Lstiburek 91
Parapet flashing ———
\ ,— Tapered rigid insulation
Fully-adhered water v\ / —— Grout and reinforce
control membrane \

/
/

- J / structural requirements
ﬁ‘:\\

e —

/ parapet CMU as per

—

[~ Backer rod

~ 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

' |

air and vapor
membrane

Deflection space

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

Building Science Corporation

Joseph Lstiburek 92
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Roofs
Parapet flashing
Fully-adhered water —— Tapered rigid
|/ insulation

control membrane

Air control layer A
i
Fiberglass batt I
" g,
Water, d b
control m :l ”’::’ bz
ly-adher
Peel and stick ///////

air and water control 7

oo
insulation %
7

transition membrane; 7
air and water control

Backer rod fills gap

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

—Cant
r— Wood blocking
r~ Perimeter of roof insulation wrapped in air control
membrane to block airflow from roof to parapet
~— Fully adhered roof membrane
/' — Two (2) layers insulation; joints
| staggered horizontally and vertically

- Air ooﬂtrol membfane

\ \— Metal deck
ight gauge steel framing
(ms!alled sl:ghlly proud
of I-beam) \

' Open web steel joist

Deflection track allows space
for sheathing to move

Lstiburek

Building Science Corporation

Joseph Lstiburek 93

Parapet flashing

Fully-adhered water
control membrane

Tapered rigid
insulation

~ Backer rod

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

/ / r
/
— Two (2) layers insulation; joints

Air control layer A
o
Fiberglass batt I
" g,

Water, d

controlm :l ”’::’ bz

ly-adher
Peel and stick ///////

air and water control 7

7

/ / /
/ / [
[

staggered horizontally and vertically

1)
\ \

\— Air ooﬂtrol membfane

F batt
insulation

72
7

Backer rod fills gap

7

\ \— Metal deck
ight gauge steel framing
(ms!alled sl:ghlly proud
of I-beam) \

' Open web steel joist

Peel and stick
transition membrane; 7
air and water control

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

Deflection track allows space
for sheathing to move

Building Science Corporation

Joseph Lstiburek 94
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Roofs
Parapet flashing
Futy-adhered S —
b o oenbord \ oty

2101 spray
polyurethane foam

Metal blocking
between steel studs

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

/—Backer rod
~ Perimeter of roof insulation wrapped in air control
[/ membrane to block airflow from roof to parapet
r— Fully adhered roof membrane

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

Building Science Corporation

Joseph Lstiburek 95

Parapet flashing
Fully-achered water
control membrane
Polypropylene mesh supporting
Air control layer flashing
farder
//// Gap in membrane 10 allow
drying by vapor diffusion
7
7 Backer rod
%/é “/r?enmoﬂmo!muaboﬂmppadmmrmml
[/ | membrane 10 block airflow from roof to parapet
21t % —{ / — Fully adhered rool membrane
polyurethane foam Two (2) layers insulation: joints
| staggered horizontally and vertically

Building Science Corporation

Joseph Lstiburek 96
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y

— Cant
— Engineered wood blocking
roof membrane
~Perimeter of roof insulation wrapped in air control
membrane to block airflow from roof to parapet

|

— Fully adhered

/
/

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

\ /.
Air comél\rv}embmne

Peel and stick
transition membrane;
air and water control
7
77 d-

i Light gauge steel framing

Fiberglass batt — == (installed slightly proud

insulation gg of I-beam)

Backer rod fills gap ——

‘
‘
L Metal deck

v
L Open web steel joist

Peel and stick
transition membrane;

air and water control

Deflection track allows space
for sheathing to move

/

Fully-adhered water,
air and vapor control
membrane 7 -
Building Science Corporation
Joseph Lstiburek 97
—Cant
/ r~ Fully adhered roof membrane
/ ,/ ~Perimeter of roof insulation wrapped in air control
/ / / membrane to block airflow from roof to parapet
| / — Two (2) layers insulation; joints
/ staggered horizontally and vertically
Peel and stick
\ \ //\\
 Metaldeck — Air control membrane

air and water control

Fiberglass batt
insulation
7

Backer rod fills gap

Peel and stick
transition membrane; //
air and water control

— Light gauge steel framing
(installed slightly proud

of I-beam)

Y

| Open web steel joist

Deflection track allows space
for sheathing to move

Fully-adhered water,
air and vapor control 7

membrane

Joseph Lstiburek 98

Building Science Corporation

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

== 1
. condensation
Exterlo_r o and frost
sheathing

Building Science Corporation

T

Joseph Lstiburek 99

Building Science Corporation

Joseph Lstiburek 100
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%
Sensible Heat ~ 14.2 JigiK [ / Vapor
Latent Heat 2250 J/g
Energy
Sensible Heat 7142 g Liquid
LatentHeat 333J/g .....................................
2.1 JIg/iK Solid
1 1
0 273 373
Temperature (K)
Simple linearized energy-temperature relation for water
From Straube & Burnett, 2005
Building Science Corporation
Joseph Lstiburek 101

Building Science Corporation

Joseph Lstiburek 102
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The inside face of the
exterior sheathing is
the condensing surface
of interest 80 ‘ T l T
70 ”~ \‘ Dew point temp.
Wood-based sidi 4 m i i i |
; g 6 / ! ! l f
Building paper € 4% / ‘ x v
Exterior £ Mean monthly outdoor — /
R o & H temperature |, N g o o | &
R-19 cavity insulation in wood g 40
frame wall g ‘ ‘ -‘ Potential for
§ » o s
L Dew point temp. —7 v
20 at35% RH, 70°F == === ¢ ol B s
|
|| !
Gypsum board with any paint or 10 Dew point temp. Y
wall covering at20% RH., 70°F — 1~ ‘
0 L 1 1 1 1 1
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
Month
Building Science Corporation
Joseph Lstiburek 103
The inside face of the
insulating sheathing is
the condensing surface
of interest 80 T T T T
70 ~ - —
/ | temperature (R-7.5 sheathing,
o [—4 | R-13 cavity insulation as
Wood-based siding %j 60 // A 1 shown in adjacent drawing) —
= o / Mean monthly outdoor—/ \' [
R-7.5 rigid insulation b b—1 >~ 50 |—&- :
= e temperature \ | , ‘ /
=1 2 w0 N\, e " el B SR
R-13 cavity insulation in wood | 4 Potential for
frame wall [ E 30 1 condensation
=] ° I
= 20 /
_;: Dew point temp. —/
Gypsum board with any paint or = 10 #35% RH, 70°F
wall covering []' - | I
P

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

Month

Building Science Corporation
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OSB sheathing

Roofing membrane

Roof deck (joints
taped)

Cover board
/ Rigid insulation

S|

Spray polyurethane
foam (upside down “L")

Rim closure material
OSB sheathing

Water control layer

Drainage mat

backed lath

Stucco over paper- —»

i

|,‘,'
I
[
(—— 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 106
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/7 Roof insulation

Protected
roof vent

\— Class Il vapor retarder

Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Masonry (reservoir”)

Rain water
strikes wall

1.

+ Rain water is deposited on
exterior face of masonry

+ Rain water enters masonry
through paint layer

Foil-faced fiberblass
“blanket” insulation

le———— Foil is interior

vapor barrier

Solar radiation
strikes wall

WL

A

MY

W

0

n

N

Y

'.\..

Solar radiation heats exterior
while A/C cools interior
Moisture is driven inward,
condenses on foil vapor barrier
and runs down wall

Cool air
conditioned

interior

Building Science Corporation
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Acrylic latex paint layer (vapor
open, minimum 15 perms or
greater at 9 mils dry film thickness)

Expanded polystyrene (no facings)
Painted gypsum board (latex paint;

no wall coverings)

Air space
Metal channels (EPS is

continuous behind metal
channels)

Building Science Corporation
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Roof membrane extends
up back side of parapet

Gypsum protection board
Pressure bar
— Roof membrane

L One layer rigid insulation
“Fluted” metal deck

Building Science Corporation

Joseph Lstiburek 121

Solar radiation
strikes wall

Absorbed rain water on ————

Building Science Corporation
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Vent %

Vented “screen” ——»f T

2" airspace
Fully adhered
counter flashing
membrane strip

Building Science Corporation
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Balconies

Building Science Corporation
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\

WAL
LV
VY
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