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Building Science

Adventures In Building Science

Enclosures

September 30 - October 2, 2014

What is a Building?

Building Science Corporation

Joseph Lstiburek 2

A Building is an Environmental Separator

Building Science Corporation

. 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
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Zeroth Law — A=B and B=C therefore A=C
First Law - Conservation of Energy
Second Law - Entropy

Third Law — Absolute Zero

2" | aw of Thermodynamics

Building Science Corporation

Joseph Lstiburek 5

Building Science Corporation
Joseph Lstiburek 6

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

Rudolf Clausius

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
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Building Science Corporation
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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

Vapor Diffusion

Building Science Corporation
Joseph Lstiburek 11

Lstiburek
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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

Thermodynamic Potential

Building Science Corporation
Joseph Lstiburek 12
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Solid e Liquid
(ice) S Freoze (water)
Frost Condense
Sublime Evaporate
Gas
(vapor)
Adsory Desorty
Adsorbed
(surface
layers)
Building Science Corporation Building Science Corporation
Joseph Lstiburek 13 el 1
Moisture Transport in Assemblies
Phase Transport Process Driving Potential
Moisture Transport in Porous Media Vapor Diffusion Vapor Concentration
Phase Transport Process Driving Potential Convective Flow Air Pressure
Vapor Diffusion Vapor Concentration Adsorbate Surface Diffusion Concentration
Adsorbate Surface Diffusion Concentration Liquid Capillary Flow Suction Pressure
e e A e e i e Osmosis Solute Concentration
Liquid Capillary Flow Suction Pressure
; : Gravitational Flow Height
Osmosis Solute Concentration :

Surface Tension Surface Energy

Momentum Kinetic Energy

Convective Flow Air Pressure

Building Science Corporation Building Science Corporation
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Higher Air
Pressure
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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

©

Lower Air
Pressure

Building Science Corporation

Building Science Corporation
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Vapor

e8
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gypsum board u
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A

4x8 sheet of
gypsum board
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Building Science Corporation
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Building Science Corporation
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Exterior
TeF

am gy

Intorice at 75
0% AN

(EE
1% pints
of water
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14 pints of water

Building Science Corporation

Joseph Lstiburek 21

90°F
50% RH

75°F
50% RH

60°F
50% RH

I

45°F 30°F
50%RH  50% RH

Building Science Corporation

Joseph Lstiburek 23
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2T, 75°F 1T, 60°F
1T 1T
RH = 50% RH = 100%
2T, 75°F 2T, 75°F
1T 1'LT
RH = 50% RH =75%
Building Science Corporation
Joseph Lstiburek 22
Reheat

o~

!

90°F ¢ ssF ¢
90% RH ¢ 100%RH *
. .

b c———

Condensation

75°F
40% RH

Building Science Corporation
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Example: Air leakage wetting of sheathing 20
Interior: 21 °C/40% RH
Extenor: -10 °C/85% RH
RSI2.11battinstudspace  Sraton = 100% RH
RS! 1.40 insulated sheathing
15
Moisture
Content
10 (gxg)
Interior RH
5
Exterior RH
o
10 20 30

Temperature (C)

Cooling and condensation
From Straube & Bumett, 2005

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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Damage Functions

Building Science Corporation

Building Science Corporation
Joseph Lstiburek 29

Joseph Lstiburek 30

Damage Functions
Water

Heat

Ultra Violet Radiation

Damage Functions
Water

Heat

Ultra Violet Radiation

Building Science Corporation

Oxidization (Ozone)
Fatigue (Creep)

Building Science Corporation

Joseph Lstiburek 31

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

September 30 - October 2, 2014

Building Science Corporation

Joseph Lstiburek 33

80 Percent of all Construction Problems are
Related to Water

Building Science Corporation
Joseph Lstiburek 34

Heat
Air
Moisture

Building Science Corporation

Joseph Lstiburek 35

HAM

Lstiburek

Building Science Corporation
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Hygrothermal Analysis

Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer

Building Science Corporation

Building Science Corporation
Joseph Lstiburek 37 Joseph Lstiburek 38

Cladding
Control layers

Structure

Slab Roof

Building Science Corporation

Building Science Corporation
Joseph Lstiburek 39 Joseph Lstiburek 40

Lstiburek

© buildingscience.com 10 of 47



Roxul Energy Design Center Enclosures September 30 - October 2, 2014

; ; Ballast
200 08O AK00 9O AK200 90N 4 Slab
918 7g w,;l%\K)f‘/(‘),;»g’\ug;\):\r$-,)-(\4fjcx),\4 Q%O ] . .
SEREICESS SR Filter fabric —
< Control layers ontrot layers
Stones
< Roof structure
Earth
Building Science Corporation Building Science Corporation
Joseph Lstiburek 41 Joseph Lstiburek 42
H Wall
1
Building Science Corporation Building Science Corporation
Joseph Lstiburek 43 Joseph Lstiburek 44
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Roof

H wall
Building Science Corporation
Joseph Lstiburek 45

TL Parapet
L Roof
= Wall

Slab

Building Science Corporation
Joseph Lstiburek 47

Lstiburek
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Roof
H Wall
N
Slab
Building Science Corporation
Joseph Lstiburek 46
TL Parapet
L Roof
- Wall
Footing Slab

Building Science Corporation
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P Parapet
H Roof
U
Window Wall
[l
| Slab

Brick veneeristone vencer ———ef

Drained cavity

Exterior rigid insulation — extruded —
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Membrane or trowek-on or spray

appiied drainage plane, air barrier
and vapor retarder

SS|SISINN[S

Concrete biock

Metal channel or wood furring

Gypsum board

Latex paint of vapor semi-
permeable textured wall finish

€

Vapor Profile

e

Building Science Corporation

Joseph Lstiburek 49

Building Science Corporation

Joseph Lstiburek 50

Brick

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 finish

NN/ N{INISIS|N/SNINIS S S

=

Vapor Profile

=)

Brick veneer/stone venoar ——————»|
Drained cavity

Exterior ngid — extruded

polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass

Mombrane or trowel-on or spray

applied drainage plane, air barrier
and vapor retarder

Non paper-faced exterior gypsum

sheathing, plywood or oriented strand
board (0SB)

Insulated steel or wood stud cavity

Gypsum board

Latex paint or vapor semi-
permeable textured wall finish

<«

Vapor Profile

Building Science Corporation
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Building Science Corporation
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Building Science Corporation Building Science Corporation
Joseph Lstiburek 53 Joseph Lstiburek 54

Commercial Enclosure: Simple Layers

« Structure
» Rain/Air/Vapor

~
~
—
-~ .
Bl * Insulation
= o
T = * Finish
-
S S
~
—
T oo
~
Building Science Corporation 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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Lstiburek
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Building Science Corporation
Joseph Lstiburek 61

Enclosures

September 30 - October 2, 2014

.

jae i O

Building Science Corporation
Joseph Lstiburek 62

Building Science Corporation
Joseph Lstiburek 63

Lstiburek
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Building Science Corporation
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Building Science Corporation
Joseph Lstiburek 67

Lstiburek
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 69

Building Science Corporation

Joseph Lstiburek 70

Building Science Corporation

ENSGLASS GOLD

ASS GOLD GLASS GOLD

Joseph Lstiburek 71

Lstiburek
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 75

Lstiburek

Building Science
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September 30 - October 2, 2014

Building Science Corporation
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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
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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 86

Building Science Corporation
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Lstiburek

Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 89

Building Science 2009
Joseph Lstiburek — HVAC 90

Building Science Corporation

Joseph Lstiburek 91

Lstiburek

Building Science Corporation
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Building Science 2009

Joseph Lstiburek — HVAC 93

Building Science Corporation

Joseph Lstiburek 94

Upturned leg

Base sloped
to exterior

Drip edge

Building Science Corporation

Joseph Lstiburek — Rain Control 95

Lstiburek

Building Science Corporation

Joseph Lstiburek — Rain Control 96
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Building Science Corporation

Joseph Lstiburek 97

Building Science Corporation
Joseph Lstiburek 98

Hydrostatic
pressure

Y

Hydrostatic
pressure

Building Science Corporation
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Lstiburek

Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 101

Building Science Corporation
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0@

Building Science Corporation

Joseph Lstiburek 102

| Hydrostatic
—*  head

A

«—— Cladding

Building Science Corporation

Joseph Lstiburek 104
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Hydrostatic
head

«—— Cladding

Building Science Corporation

Joseph Lstiburek 105

mph

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

100 200 300 400 500 600 700 800 900 1000

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 — Rain Control 109

Building Science Corporation
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Building Science Corporation
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Building Science Corporation

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

L
)

é

0 Cup drains water
to exterior

é

N

’
)
l/
4
/
14

Joseph Lstiburek 114

Building Science Corporation

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

)
Wind enters cup— b
pressurizing cup; b

no rain entry due
to wind driven rain b

6

é Cup can still drain
water to exterior

Entire wind
pressure
taken here

Joseph Lstiburek 116

Building Science Corporation
il

Joseph Lstiburek 115

Building Science Corporation
il
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Baffle to deflect raindrops
hitting face of cup due
to momentum
("kinetic energy”)

Pressure incup is b
same as pressure
outside on face ™=
of baffle
Momentum driving force

converted to gravity—
water drains away

Wind enters cup— —>

pressurizing cup;

no rain entry due
)
OO
[

to wind driven rain

Cup can still drain
water to exterior

September 30 - October 2, 2014

Entire wind
pressure
taken here

Building Science Corporation
2011

Insulating
glass unit

Seal (gasket)

Hole providing —.

drainage and
pressurization

%

g

A I

Y &

————

/ Seal (tape)

_— Setting block
~ (typically two
/ per unit)

Frame

Joseph Lstiburek 117

Building Science Corporation

Joseph Lstiburek 118

Outer seal sees
water but not

pressure; no \
pressure difference

- Key seal is interior
/ seal as it takes
maximum wind load

across this seal, // but it does not see
therefore no rain water
entry
Pressure in chamber 1 A 2
Entire wind
is same as pressure
outside on face of — g:::‘l’::re
assembly S
Air enters and s Pressure
pressurizes chamber
chamber
——J

———— g

Building Science Corporation

Pressure
moderated
chamber

Adhesive -backed
sill flashing

Housewrap

Sheathing

Interior air seal

Beveled wood
siding

Joseph Lstiburek 119
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 122

Building Science Corporation
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Lstiburek
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Building Science Corporation

Joseph Lstiburek 125

Building Science Corporation

Joseph Lstiburek 126

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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Lstiburek
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Building Science Corporation Building Science Corporation
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Building Science Corporation Building Science Corporation
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Building Science Corporation 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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Building Science Corporation
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 149

Building Science Corporation
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Building Science Corporation

— Sealant
backer rod

Inner seal

Wind pressurizes
chamber between

inner and outer
seal
Saatant \ Outer seal
backer rod — Vent tube

Joseph Lstiburek 151
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Sealant
backer rod

Inner seal

September 30 - October 2, 2014

Pressure
chamber

— Baffle

Building Science Corporation

Inner, protected seal Outer, exposed

seal

Drain and vent
opening

Joseph Lstiburek 153

Building Science Corporation
Joseph Lstiburek 154

Drainage space
Backer rod
Sealant

Exterior face of
cladding

Drainage opening

Building Science Corporation
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Lstiburek
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation

Target Range

— Winter Summer —;

Uncomfortably -
Dry*

0 50 60 75 100

20 65

Relative Humidity (RH) %

Joseph Lstiburek 159

Lstiburek

Building Science Corporation
Joseph Lstiburek 160

© buildingscience.com

40 of 47



Roxul Energy Design Center

Water Vapor Permeance vs. Relative Humidity
100

20

;o =N
o ©°

o
o

®
°
=
3

Water Vapor Permance, US perms
a
o

0 1 2 3 4 s s 70 80
Mean Relative Humidity, %

4, = Dry cup parmeance
41, = Wet cup permeance

Building Science Corporation

Joseph Lstiburek 161

Water Vapor Permeance of Sheathing Materials

8 8 &8 8 8
P T S
Dry Cup

Water Vapor Permeance, US perms

=
L

o

y T T

30 40 50 60 70 80
Mean Relative Humidity, %

o
3
3

163
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Water Vapor Permeance, US perms

g 8

L

8 8 8 8 8 3 8

3

°
o b

Water Vapor Permeance of MemBrain™ Smart Vapor Retarder,
Primed and Painted Board and

Board,
Asphalt-Coated Kraft Paper

Primed &Painted
Gypsum Board

Waet Cup

Dry Cup

Asphait-Coated
Kratt Paper

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




Roxul Energy Design Center

Enclosures

Water Vapor Permeance of WRB's

100

90

8

Water Vapor Permeance, US perms
&

September 30 - October 2, 2014

WeatherSman™
WeatherMate™
Plus

Mean Relative Humidity, %

0 10 20 30 40 50 60 70 80 90

40 4

20 4

Equilbrium Moisture Content (%)

Sorbtion Curve for Wood

4 50 0
Mean Relative Humidity, %

70

80 20 100

Moisture
Content
(w%)

Relative Humidity (%)

Average sorption isotherm for wood as a function of temperature
From Svaube & Bumett, 2005
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Sorbtion Curves for Hygroscopic Materials
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Mean Relative Humidity, %
Building Science Corporation Building Science Corporation
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Building Science Corporation
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Penetrating
Water

Building Science Corporation
Joseph Lstiburek — Rain Control 179
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h Sheathing

Penetrating
Water
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Rain Screen
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Beer Screen?

Building Science Corporation
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Building Science Corporation
2010 Joseph Lstiburek 186

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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