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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
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Order of Magnitude
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Order of Magnitude

1t0 10

10 to 100

100 to 1000

1000 to 10000

First Order Effects, Second Order Effects....
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Arrhenius Equation
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For Every 10 Degree K Rise
Activation Energy Doubles

L = Ae Ea/(RT)
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Damage Functions
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Damage Functions
Water

Heat

Ultra Violet Radiation
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Damage Functions

Water

Heat

Ultra Violet Radiation
Oxidization (Ozone)
Fatigue (Creep)
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The Three Biggest Problems In Buildings Are
Water, Water and Water...
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80 Percent of all Construction Problems are
Related to Water
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Laws of Thermodynamics
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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
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2"d Law of Thermodynamics

Building Science Corporation
Joseph Lstiburek 16

© buildingscience.com

June 2, 2016

8 of 85



RCI Western Chapter Fundamentals June 2, 2016

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

Rudolf Clausius

Building Science Corporation
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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

Building Science Corporation
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Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Building Science Corporation
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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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Solid

Adsort Cesot

Adsorbed
(surface
layers)
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Gravitational Flow
Surface Tension
Momentum
Convective Flow

Moisture Transport in Porous Media
Phase Transport Process Driving Potential
Vapor Diffusion Vapor Concentration
Adsorbate Surface Diffusion Concentration
Liquid Capillary Flow Suction Pressure
Osmosis Solute Concentration
Building Science Corporation
Joseph Lstiburek 25
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

Height

Surface Energy
Kinetic Energy
Air Pressure
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Vapor
Liquid
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o
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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
JAIR TRANSPORT
Higher Air Lower Air
Pressure Pressure
Building Science Corporation
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Vapor Pressure and Relative Humidity

Building Science Corporation
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2T, 75°F 1T, 60°F
17 , 1T
RH = 50% RH = 100%
2T, 75°F 2T, 75°F
1T - 1'.T
RH = 50% RH = 75%
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\_/ W u
90°F 75°F 60°F 45°F 30°F
50% RH 50% RH 50% RH 50% RH 50% RH
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Heating
35°F 70°F
90% RH 30% RH
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Cooling Reheat
80°F ¢ ssF ¢ 75°F
90% RH ¢ 100% RH ¢ 40% RH
- -
e ——
Condensation
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Example: Alr leakage wetting of sheathing T 20
Interior: 21 °C/40% RH /
Exterior: <10 °C/85% RH ) ’
RSI2.11 battin studspace  uration = 100% RH P
RSI 1.40 insulated sheathing /!
15
Moisture
Content
T (o)
-5
0

Temperature (C)

Cooling and condensation
From Straube & Burnett, 2005
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Sorption Isotherms
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Moisture Content in the Porous Body

Change in the storage of molstire In A porous budding matenal as the

Condensation m

e pores
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Redatve Humidity (%)
Partal Pressure of Water Vapor
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From M K Mumaren, ASTM WAL 15.2na Eoton
Masture Contres n Budangs, 2000
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From Straube & Bume, 2005
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Average sorption isotherm for wood as a function of temperature
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Moisture Content vs. Relative Humidity

Equilibrium Moisture Content (EMC) %

0 5 10 15 20 25 30 35 40 45 5 55 %0 65 70 75 80 85 90 95 00

Relative Humidity (RH) %

Building Science Corporation
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Quick Aside - Vented Attics

Building Science Corporation
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0.28 nm

9.58 x 10" =3 A

Building Science Corporation
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Heat
Air
Moisture
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HAM
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Hygrothermal Analysis
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Perfect Wall
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Cladding L
Control layers —]

Structure T =
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Parapet

: Roof

: Wall
Slab
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<—— Roof structure
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Brick vEnoer/stone VENear e - /
Drained cavity A
Exterior rigid insulation — extruded . I 4
polystyrene, expanded polystyrene, /1 |
Isocyanurate, rock wool, fiberglass
1
Membrane or trowel-on or spray -+ ”
appled drainage plane, air barrier
and vapor retarder ]
/ -1
Concrete block
4 11
Metal channet or wood furring
Gypsum board
z
Latex paint or vapor semi-
permeable textured wall fiinish v 1
A | Ik A
Vapor Profile

Building Science Corporation

Joseph Lstiburek 74

© buildingscience.com

June 2, 2016

37 of 85



RCI Western Chapter Fundamentals

Lstiburek

Brick i veneer

Drained cavity

Exterior rigid nsulation — extruded
polystyrena, expanded polystyrene,
wocyanurale, rock wool, fiberglass

Membrane or trowel-on or speay - -
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and vapar retarder

Non paper-faced axtenor gypsum — -
sheathing, plywood or oriented strand
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Unmsulated steel stud cavity

Gypsum board

Latex paint or vapor semi-
parmeadle textured wall fiinish

€

Vapor Profile
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Commercial Enclosure: Simple Layers
» .I « Structure

* Rain/Air/Vapor

* Insulation
* Finish
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