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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
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Building Science Corporation
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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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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

Vapor Diffusion

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

Building Science Corporation
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Thermodynamic Potential

Building Science Corporation
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Building Science Corporation Building Science Corporation
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Damage Functions Damage Functions
Water

Heat

Ultra Violet Radiation

Building Science Corporation Building Science Corporation
Joseph Lstiburek 21 Joseph Lstiburek 22
Damage Functions The Three Biggest Problems In Buildings Are
Water Water, Water and Water...
Heat

Ultra Violet Radiation
Oxidization (Ozone)
Fatigue (Creep)

Building Science Corporation Building Science Corporation
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Air
Moisture
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HAM

Building Science Corporation

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 27

Lstiburek

Joseph Lstiburek 28

© buildingscience.com

7 of 49



SRWA Conference Enclosures October 16, 2014

Cladding > 7

Control layers » |
Structure — 1>
oo [ ] I | | TT ]
= 1l 1 10 : I I
Slab Roof
Building Science Corporation Building Science Corporation
Joseph Lstiburek 20 Joseph Lstiburek 30
: : Ballast
Jog SR ORAR2%90. gs0R 4 & Slab
Qv@?’ \C@'\%fl\ﬁ\i{ q@@x\ﬁ‘%”édn%ﬁ)&ggw\v < Filter fabric
< Control layers il Control layers
71500 EATNAS 12T 5
IR AIOIRLLRRI, « Stones
« Roof structure AT T araras 2
< Earth
Building Science Corporation Building Science Corporation
Joseph Lstiburek 31 Joseph Lstiburek 32

Lstiburek © buildingscience.com 8 of 49



SRWA Conference

Building Science Corporation
Joseph Lstiburek 33

Roof

wall

s | s | — | —

Building Science Corporation

Joseph Lstiburek 35

Enclosures

October 16, 2014

= i | o [

wall
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Roof

Wall

Slab
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Parapet
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L Roof L Roof
- Wall = Wall
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Slab Footing Slab
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—
Brick veneer/stone veneer ug
Parapet T
Drained cavity
Exterior rigid — extruded
polystyrene, expanded polystyrene,
Roof %
ﬂ Membrane or trowel-on or spray
applied drainage plane, air barrier
U and vapor retarder Zﬂz
0 Concrete block —% |l
Window Wall
Metal channel or wood furring
ﬂ Gypsum board
Latex paint or vapor semi-
permeable textured wall fiinish E
Footing Slab 7

Building Science Corporation

«

Vapor Profile

—

Building Science Corporation
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Brick veneeristone 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)

Uninsutated steel stud cavity

Gypsum board —

Latex paint or vapor semi-
permeable textured wall fiinish
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Vapor Profile
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Brick veneer

[

Drained cavity

98888

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

of trowel-on or spray
applied drainage plane, air barrier
and vapor retarder

Non paper-faced exterior gypsum
sheathing, plywood or onented strand
board (0SB)

Insulated wood stud cavity
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Commercial Enclosure: Simple Layers

« Structure

« Rain/Air/\apor
* Insulation

* Finish

-

Building Science Corporation

Joseph Lstiburek 45

Building Science Corporation
Joseph Lstiburek 46

Building Science Corporation

Joseph Lstiburek 47

Lstiburek

Building Science Corporation
Joseph Lstiburek 48

© buildingscience.com

12 of 49



SRWA Conference

Building Science Corporation
Joseph Lstiburek 49

Building Science Corporation
Joseph Lstiburek 51

Lstiburek

© buildingscience.com

Enclosures

October 16, 2014

Building Science Corporation

Joseph Lstiburek 50

Building Science Corporation

Joseph Lstiburek 52

13 of 49



SRWA Conference

Enclosures

October 16, 2014

Building Science Corporation

Joseph Lstiburek 53

Building Science Corporation
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Building Science
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Building Science 2009
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Building Science Corporation

Supply air into occupied
zone returns to AHU by

porous dropped ceiling or
through return grilles
installed in dropped
ceiling

N

Air handling unit extracts air from dropped
ceiling, conditions it and injects it into the
passing through deliberately | occupied zones via supply ductwork

Dropped ceiling
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air handling units
extracting air from
dropped ceiling
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Air barrier system not present
to prevent air from being extracted
from roof assembly

Corrugated metal

gr roof deck
Brick veneer ——
Membrane roof
/ Rigid insulation
| B
g paper A=~ —
Interior gyp | b
should extend to I /
underside of B N )
roof deck and | Ret f
be sealed e T e
/ to occupied space and exterior
\ Suspended ceiling
Exterior sheathi

Metal stud wall

Cavity i

Top chord bearing roof truss

«——— Interior gypsum
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Building Science Corporation
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Building Science Corporation
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Building Science 2009
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Brick veneer
Top chord bearing truss
Building paper
Interior gypsum
should extend to

underside of floor
deck and be sealed

Return plenum operates
C—-) under negative pressure relative
to occupied space and exterior

Exterior sheathing

Metal stud wall -
Suspended ceiling

Cavity insulation Tl Interior gypsum
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Building Science Corporation Building Science Corporation
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OSB sheathing

foam (upside down “L")
Rim closure material

Water control layer——

Roofing membrane

OSB sheathing Cover board
Roof deck (joints Rigid insulation
taped) [

Spray polyurethane —

i i

Cavity insulation

Drainage mat

Gypsum board with semi-
Stucco over paper- - permeable (latex) paint
backed lath

Cavity insulation

Building Science Corporation
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OSB sheathing

Rim closure material —
OSB sheathing

Water control layer——H
Drainage mat

Stucco over paper- —
backed lath |

Roofing membrane
Roof deck
Spray polyurethane foam

=
1 LCa\vily insulation

—— Gypsum board with semi-
permeable (latex) paint

Cavity insulation
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Don’t Do Stupid Things
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Wood or fiber cement siding

Furring or spacer strip

Bullding paper or housewrap

Plywood or 0S8 sheathing

Cawity insulation

Gypsum board

Latex paint

Building Science Corporation
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Wood or fiber cement siding

Furring or spacer strip

Building paper, housewrap or
building wrap

Plywood or OSB sheathing

Cavity insulation

Gypsum board

Latex paint

Vapor control layer

A

=D

Building Science Corporation
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Wood or fiber cement siding

Furring or spacer strip

Exterior rigid insulation

Building paper, housewrap or
building wrap

Plywood or OSB sheathing
Cavity insulation
Gypsum board

Latex paint
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Wood or fiber cement siding

Furring or spacer strip

Rock wool insutation

Buiding paper, housewrap or

buikding wrap
Plywood or OSB sheathing
Cavity insutation
i 4 Gypsum board
| | Latex paint
|—
Control of Condensing
Surface Temperature
Assembly
Building Science Corporation
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and frost
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Sheathing

Penetrating
Water
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Rain Screen
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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
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Stool studs
Sheathing

Second layer of z-bars
shouki be installed
perpendicular 10 the first
layer; ocientation of the two
layers wil depend on the
requirements of the
cladding attachment
system

Metal panel

First kayor of 2-bars embodded in the
insulation layer; should the first layer be
instalied horzontally, the exterior leg
should be turned down 1o promote
drainage 1o the exterior.
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Stool studs
Sheathing

Fully-adhered air and
water control kayer

Continuous insulation
fayer

Building Science Corporation
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