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First Order Effects, Second Order Effects....
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What is a Building?
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A Building is an Environmental Separator

Building Science Corporation

Joseph Lstiburek 5

. 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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First Law - Conservation of Energy
Second Law - Entropy
Third Law — Absolute Zero
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2"d 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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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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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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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

Building Science Corporation
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Cladding I:

Control layers

Structure -
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Wall

Slab Roof
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<« Slab

< Control layers
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g
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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- -t
permeable textured wall fiinish

-

Vapor Profile

e
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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)

Uninsulated steel stud cavity .

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

o -

Vapor Profile
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Brick veneer/stone veneer ————————»4

N}

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

NINNNNNISN

Latex paint or vapor semi-
permeable textured wall fiinish

-
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Upturned leg

Base sloped
to exterior

Vo4 Drip edge
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Rain enters cup
due to momentum
("kinetic energy”)

Wind enters cup—
pressurizing cup;
no rain entry due
to wind driven rain

Entire wind
pressure
taken here
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o Cup can still drain
water to exterior
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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 e
Entire wind
Momentum driving force <@ pressure
converted to gravity— taken here

water drains away

Wind enters cup—
pressurizing cup; Q
no rain entry due
to wind driven rain O
OA 5 .
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c water to exterior
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v
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water but not Key seal is interior
pressure; no seal as it takes
pressure difference maximum wind load
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therefore no rain water
entry
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; =l — ressure
outside on face of < faken bl
assembly S
Air enters and sl Pressure
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moderated
chamber

Interior air seal

Beveled wood
siding
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sill flashing

Housewrap ———————»

Sheathing

Building Science Corporation

Joseph Lstiburek 114

Lstiburek © buildingscience.com 57 of 95



University of Wisconsin-Madison Enclosures

Lstiburek

Building Science Corporation
Joseph Lstiburek 115

Building Science Corporation
Joseph Lstiburek 116

© buildingscience.com

July 17, 2017

58 of 95



University of Wisconsin-Madison

Lstiburek

Enclosures

Building Science Corporation

Joseph Lstiburek 117

Building Science Corporation

Joseph Lstiburek 118

© buildingscience.com

July 17, 2017

59 of 95



University of Wisconsin-Madison

Lstiburek

Enclosures

Building Science Corporation

Joseph Lstiburek 119

Building Science Corporation

Joseph Lstiburek 120

© buildingscience.com

July 17, 2017

60 of 95



University of Wisconsin-Madison Enclosures

Lstiburek

——
—

.

Building Science Corporation
Joseph Lstiburek 121

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
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Water Vapor Permeance of WRB’s
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Figure 2
Moisture Content vs. Relative Humi
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The amount of bound water in wood is determined by the relative humidity (RH) of the
sutrounding atmosphere; the amount of bound water changes (albeit slowly) as the
relative humidity changes. The moisture content of wood, when a balance is established
at a given relative humidity, is its equilibrium moisture content (EMC), The solid fine
represents the curve for white spruce, a typical species with fiber saturation point (FSP)
around 30% EMC, For specics with a high extractive content, such as mabogany, FSP is
around 24%, and for those with low extractive content, such as birch, FSP may be as high
as 35%. Although a precise curve cannot be drawn for each species, most will fall within
the color band,
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system.

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

Steel studs

Sheathing

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.

layer

Cold
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water control layer

Continuous insulation
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