Joseph Lstiburek

Building Science

Adventures In Building Science



Environmental Separation
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Definition of a Building
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A Building is an Environmental Separator
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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
y Control insects, rodents and vermin
° Control fire

. Provide strength and rigidity

° Be durable

. Be aesthetically pleasing

y Be economical
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Some Physics....
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Arrhenius Equation
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For Every 10 Degree K Rise
Reaction Rate Doubles

i A e/

Building Science Corporation
Joseph Lstiburek 8



Damage Functions
Water

Heat

Ultra-violet Radiation
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2" Law of Thermodynamics
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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
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Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less
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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
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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

Vapor Diffusion
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Thermodynamic Potential
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The Effect of Climate
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Map of DOE’s Propused Climate Zones
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The Perfect Wall




Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Cladding »

Control layers =

Structure b

Building Science Corporation
Joseph Lstiburek 26



Slab

Wall

]

Roof
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Wall
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Wall

Roof
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Parapet

Wall

Roof

Slab
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Window

Wall

Footing Slab
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<+— Control layer

<+— Control layer

<+— Roof structure
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L Parapet

Wall

Roof

Building Science Corporation

Joseph Lstiburek 38






rpora

Co

Building Science



Building Science Corporation
Joseph Lstiburek 41






Configurations of the Perfect Wall
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Brick veneer/stone veneer / 2 L
Drained cavity - f} A e
Exterior rigid insulation — extruded - 7 x IV i
polystyrene, expanded polystyrene, P |41
isocyanurate, rock wool, fiberglass / ST
E% 5
Membrane or trowel-on or spray : 7 | L7

applied drainage plane, air barrier :
and vapor retarder ] 7
Concrete block T / { al
/] L
Metal channel or wood furring 4 /‘I
Gypsum board e~ |
_ | 7 v M

Latex paint or vapor semi-

permeable textured wall fiinish ] g
/ d ]

Vapor Profile
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Brick veneer/stone veneer

Drained cavity
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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

INNNN

Non paper-faced exterior gypsum L = ' b
sheathing, plywood or oriented strand '
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Uninsulated steel stud cavity : i

Gypsum board 7 -

Latex paint or vapor semi-
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The Water Molecule
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11
9.58 x 10 53 X

Building Science Corporation
Joseph Lstiburek 50



Polar Molecule
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Size Matters




Vapor
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Phases of Water




Solid it »  Liquid

(ice) - Freeze (water)

Frost Condense

Sublime Evaporate

Gas
(vapor)

Adsorb Desorb

Adsorbed
(surface
layers)
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Relative Humidity
Vapor Pressure
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35°F
90% RH

Heating

I

70°F
30% RH
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Sorption




Moisture
Content
(M%)
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—&—Concrete 1
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Relative Humidity (%)

Sorption isotherm for several building materials [Kumaran 2002]
From Straube & Burnett, 2005
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BET Theory




BET Theory
Stephen Brunauer

Paul Emmett
Edward Teller
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----- ~ Kelvin (condensation)
———— Rounsley (adsorption)
——— Actual measured

moisture
content

relative humidity N

Typical predicted sorption isotherm according to Kelvin equation

and modified BET theory
From Straube & Burnett, 2005
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Partial Pressure of Water Vapor

Change in the storage of moisture in a porous building material as the
partial pressure of water vapor in the ambient air increases from zero
to full saturation value at a given temperature.

Sorption Curve

From M.K. Kumaran, ASTM MNL 18-2nd Edition,
Moisture Control in Buildings, 2009
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W_,, - supersaturation: all pores filled with water -
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Single-layer of adsorbed molecules

Multiple layers of adsorbed molecules

Interconnected layers (internal capillary condensation
Free water in Pores, capillary suction

Supersaturated Regime

nogone

Regimes of moisture storage in a hygroscopic porous material
From Straube & Burnett, 2005
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PERMEABILITY

Hy

by

WET CUPTEST _

DRY CUP TEST

25 50 75 100
RELATIVE HUMIDITY

A - Single-layer of absorbed molecules

B - Multiple layers of absorbed molecules

C - Interconnected layers (internal capillary condensation)
D - Free water in pores, capillary suction

E - Supersaturated regime

Relationship between Dry Cup and Wet Cup
Adapted from Joy & Wilson, 1963
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Water Vapor Permeance vs. Relative Humidity
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Water Vapor Permeance, US perms

Water Vapor Permeance of Sheathing Materials
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Sheathing

Penetrating
Water
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Sheathing

Penetrating
Water
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Average sorption isotherm for wood as a function of temperature
From Straube & Burnett, 2005
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Moisture Content vs. Relative Humidity

32
30
3 28
g 26
) 24
e
.F=.'! 22
g 20
18
o
% 16
=] 14
= 12
E
= 10
= 8
-
E 6
4
2

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Relative Humidity (RH) %






Water Vapor Permeance, US perms

Water Vapor Permeance of MemBrain™ Smart Vapor Retarder,
Primed and Painted Gypsum Board, Unpainted Gypsum Board and
Asphalt-Coated Kraft Paper
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Water Vapor Permeance, US perms

100

Water Vapor Permeance of WRB’s
Felt

90 -

80 A

70 -

60

50

40

30 7

20 7

10

ASK

Tyvek®

Typar®

WeatherSmart™
WeatherMate™
Plus

10 20 30 40 50 60 70 80 90 100

Mean Relative Humidity, %



Air Flow and Vapor Diffusion
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Vapor Diffusion Vapor Concentration
Convective Flow  Air Pressure
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Exteriof%
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Moisture Movement
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Rain
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Hydrostatic
pressure

Hydrostatic
pressure
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Rain Screen
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Beer Screen?
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