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Building Science

Adventures |In Building Science



There Is No Such Thing As A Free
Thermodynamic Lunch

Building Science Corporation
Joseph Lstiburek 2



What is 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
. Control insects, rodents and vermin
. Control fire

. Provide strength and rigidity

. Be durable

. Be aesthetically pleasing

. Be economical
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Thermodynamics




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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2nd Law of Thermodynamics
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In an isolated system, a process can occur
only if it increases the total entropy of the

system

Rudolf Clausius
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Thermodynamic Potential
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Vohume m3ky Dry Rir

Eedow 0°C Properties and Enthalpy Deviation Lines Are For loa
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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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Hygrothermal Analysis
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Solar radiation #
Rain IS

Heat exchange ' . ' ' Heat exchange
with indoors

with outdoors

Vapor exchange Vapor exchange
<= D with indoors

with outdoors
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Firmness, Commodity and Delight

“These are properly designed, when due regard is had to the
country and climate in which they are erected. For the method
of building which is suited to Egypt would be very improper in
Spain, and that in use in Pontus would be absurd at Rome: so
in other parts of the world a style suitable to one climate,
would be very unsuitable to another”

Marcus Vitruvius Pollio (c.90-20 B.C.E.)
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Map of DOE's Propused Climate Zones
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Los Angeles, CA
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Minneapolis, MN
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Lansing, MI
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Las Vegas, NV

o
=
[\
Absolute Humidity (Ib/lbdary)

|
176 2438

|
320

|
392

| | |
536 608 680

Drybulb Temperature (°F)

|
752

|
104.0

Building Science Corporation

Joseph Lstiburek 23



Seattle, WA
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Arrhenius Equation
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For Every 10 Degree K Rise
Activation Energy Doubles

I — :].E!_EMF{HTII
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Damage Functions
Water

Heat

Ultra-violet Radiation
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The Three Biggest Problems In Buildings
Are Water, Water and Water...
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Melt

Solid »  Liquid
(.ce) o Freeze (water)
Frost Condense
Sublime Evaporate

Gas
(vapor)
Adsorb Desorb
Adsorbed
(surface
layers)
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Moisture Transport in Porous Media

Phase Transport Process Driving Potential

Vapor Diffusion Vapor Concentration
" Adsorbate Suface Difiusion  Concentraon
 Liqud Capilary Flow ~ Suction Pressure

Osmosis Solute Concentration
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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 Height
Surface Tension Surface Energy
Momentum Kinetic Energy

Convective Flow Air Pressure
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Microclimates and Materials Science
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Environmental Loads
Rain Exposure Zone
Hygro-thermal Regions
nterior Climate Class

Building Science Corporation
Joseph Lstiburek 37



Building Science Corporation
Joseph Lstiburek - Foundations 38



Building Science Corporation
Joseph Lstiburek - Foundations 39



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

Control layers

Structure >
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_— Ballast
0 o 0 o 0 o 4

<« Control layers

< Roof structure
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< Slab

< Control layers
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Parapet

Roof

I

Wall

Slab
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<—— (Control layer

<—— Control layer

<+— Roof structure
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! Parapet )_
i Roof
— Wall
Footing Slab
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SIS ———

Wall

Slab
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Configurations of the Perfect Wall
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Brick veneer/stone veneer k /]
Drained cavity ¥
Exterior rigid insulation — extruded 4
polystyrene, expanded polystyrene, L1
isocyanurate, rock wool, fiberglass

L/
Membrane or trowel-on or spray L
applied drainage plane, air barrier
and vapor retarder 1
Concrete block :

Metal channel or wood furring

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

€

Vapor Profile

=)

Building Science Corporation
Joseph Lstiburek 59



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

Vapor Profile
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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

Non paper-faced exterior 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
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Commercial Enclosure: Simple Layers

e Structure

/
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Don’t Do Stupid Things
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3" spray polyurethane foam
(2 Ib/ft® density)

1'/2" metal stud wall

Gypsum board thermal barrier

— %/;" drainage mat (filter fabric side
facing up)

2" extruded polystyrene (XPS)

I—New concrete slab

A K
.4 8 . e

v
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Asphalt shingles
Roof underlayment

1/2" plywood roof sheathing

Two layers of 2" polyisocyanurate rigid insulation

Existing board roof sheathing
6" high-density (2.0 pcf) sprayed polyurethane
foam insulation

Self-adhering ice/water membrane
4’ from roof edge

Existing attic joists extended, widening EHRINg & ASo0t Riter

soffit to accomodate exterior insulation

1/2" gypsum board interior

sheathin
Metal starter strip with drip edge 2
1 X 3trim
2 X 12 facia board |
; 5 = Existing attic flooring

Continuous beadboard soffit '; X removed at perimeter to allow
€ A B for installation of sprayed poly-

/4" X 8" frieze board A urethane foam insulation seal

5 to top plate

Ty 3 ™ . |

Siding over /4" pressure treated wood strapping ——————» 2 Existing interior plaster
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Asphalt shingles —

2x6

Stainless ——

steel drip

edge

/" P
Cellular —~ Ek

PVC trim

Cellular PVC trim ———+

Wood siding -

Fully-adhered —
membrane '

2x8 —

Ve

Five layers of 2" rigid —

insulation
Plywood pr—

\
\\ 7

= i

1x4 siding

Four layers of 2" rigid insulation

o

= Fully-adhered
membrane

\ - Plywood
\ - Tar paper
- Board sheathing

——— Board sheathing

Tar paper

e Plywood

Fully-adhered
membrane
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Board sheathing
Tar paper
Plywood

Fully-adhered
membrane

Board floor planks

/l

Four layers of 2" U »
rigid insulation

1x4 furring strip

Wood siding

— Spray

polyurethane

-\ foam (2 Ib/ft*
-] density)

Cellular PVC trim —

Polypropylene
insect mesh

Aluminum “C”
section protection

Rubble
foundation
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Four layers of 2" rigid

insulation
Sheathing tape
Wood siding -
Membrane strip
1x4 furring strip
Trim
Flashing
Fully-adhered
membrane
Plywood ———
Asphalt —
shingles

Fully-adhered
membrane

—— Plywood

Tar paper

I - Board sheathing
—————Five layers of 2"
rigid insulation

L
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New roof deck

New crown
molding

New fascia —»

New soffit J
Dentil molding

Frieze board

Siding
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New roof deck

New crown \
molding

New fascia

New soffit —/

New dentil molding

New second frieze board

Original dentil molding
removed

Original frieze board
remains

Siding
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