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Building Science

Adventures In Building Science



What is a Building?

Building Science Corporation
Joseph Lstiburek 2



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

Building Science Corporation
Joseph Lstiburek 4



Arrhenius Equation
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For Every 10 Degree K Rise
Reaction Rate Doubles

k= Ae~Fa/(RT)
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Damage Functions
Water

Heat
Ultra-violet Radiation

Building Science Corporation
Joseph Lstiburek 7



2nd | aw 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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Thermodynamic Potential

Building Science Corporation
Joseph Lstiburek 10



- 120 125 139 125 140 145
-~y e A A e e Tl P, e e e e T, 0
@ L ST ) SH
1 e - ~foon
3 \\ \\_Z L ‘-\Z‘ - | ot |
PSYCHROMETRIC CHART o A AL e
- et | A 6 o S 0029
NORMAL TEMPERATURES & : ( \‘“-r\h 0.028
£ . LY = LB AN o
SI METRIC UNITS s ~yt “‘; [ x 4 o027 ;
Barometric Pressure 101.325 kPa . 2VAYS . T i"::: {
SEA LEVEL y ANH __??( _ ¢ 2 ol
& ~yf | - - 0. A
~ ) ey it
P z - . - o022 |
ANV S ]
E - - Pkt oon
S 1 AV, ™ -
< - Z— -_'“.s.]; (\-- 3 i N :I."
@ <. "\_{ \-“k\‘ ~ A
§ 4 W SN foon |
@ - N —Z—’-\\ 4| A T oo |
] ~fooT by
o e A - Y - —>< AL Foms |
4 7\' . ;/ iz 'F smis F°
N i~ / ] AN A :
& "~ 001 Fg
f LKL DKL SEERS S .
s aunvdnd s i1 s E
. e 74 XK DAL DX LI B b o
~ ,‘.’*, 2 ~ (1~ T,f\_\ LLLE 3%
2 & LA (.xzr\.a / _‘:'>4... 44T C~Eost 1
S SELSARY AN - oo Fo
< > GRSV RN/ & —-:\h. Y g &
e O PRI LU :“// N bS] Faoe
s - M £l a NP s A ™ l\:HL ; ; . it Bl - o007 3
~ b SEANENZal - . S<EANENS NI
X N >ELK NPT RN NN TN j TR ' :
e 2 S R S T s PR N S R e e
- o S = - - - ~ = - -y
b At = = 5 TR N TR TSR NN RN Y ::,g
- = ees N ITE NN R TTSL T SR YERSNACNAEN N e
s - = SN "‘\\\\4\\. :‘:».._:T:_ \\‘L I~ ‘\1 Pl ~L AE, |§
g - W L S s s RN R NSL LN SR T e
-\ B v 5 2 25 S 3 a0 as 50 55
\0 Dvy Bulb Tempersiuie °C \ \
075 . om oss 0% =
b R
Belew 0°C P 4 Enthalpy Deviation Lives Are For fer Vilwmo wl/ug Dry Al Cot,No 794002  Printedin US A

Building Science Corporation

Joseph Lstiburek 11



Subarctic/Arctic
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[ Tropical wet
[ Tropical wet-Dry
[] steppe

[[Jpesert

B Mediterranean

[C] subtropical humid

Marine Wfest Coast
[ continental humid
[] subarctic

[ Tundra

B 1ce sheet

[ Highlands
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Map of DOE’s Propused Climate Zones

Ny

Bethel

All of Alaska in Zone
except for the following
Boroughs in Zone 8:
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Northwest Arctic
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North Slope
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Building Science Corporation

Moist (A)

Zone 1 includes
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Below White Line

March 24, 2003
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Exposure

Extreme - Over 60"
High [0 40" - 60"
Moderate E 20" - 40”
Low [ Under20”
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Cladding >

Control layers >

Structure b
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Slab

Walli

Roof
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| Ballast
29 IR RIS

OIS AP OSS97 o Filter fabric

<«— Control layers

<+ Roof structure

Building Science Corporation

Joseph Lstiburek 21



<«— Slab

<«— Control layers

JEREFAATIRLIGANIIRRINS. +—— Stones
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Walli
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Wall

Roof
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Wall

Roof

Slab
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Parapet

Wall

Roof

Slab
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Parapet

| Roof
S Wall
Footing Slab
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Parapet

TJI:
Window
1

Wall

Footing

Roof

Slab
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<—— Control layer

<—— Control layer

<+— Roof structure
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Configurations of the Perfect Wall
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Brick veneer/stone veneer ——» A L
|
Drained it -
rained cavity // w %
Exterior rigid insulation — extruded - 7 s+ IV o
polystyrene, expanded polystyrene, P4 7
isocyanurate, rock wool, fiberglass ==
y g9 CT L
ba <
Membrane or trowel-on or spray - 7 %% b7
applied drainage plane, air barrier
and vapor retarder 4 A
]
Concrete block 2 / { dl
¥4 e
Metal channel or wood furring vai
Gypsum board =
. . Vi o LA
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 Z / -
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 i 8
sheathing, plywood or oriented strand
board (OSB)

] [ (B

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

A4

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 - ~7 1S
sheathing, plywood or oriented strand
board (OSB)

Insulated wood stud cavity

Gypsum board 2 7

Latex paint or vapor semi- 7
permeable textured wall fiinish

- -

Vapor Profile
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Commercial Enclosure: Simple Layers

 Structure
 Rain/Air/Vapor

* Insulation
* Finish
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Upturned leg

—— Base sloped
to exterior

V4 Drip edge
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Rain enters cup b
due to momentum

Cldneticeneray) N \

9

e

o Cup drains water
to exterior
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Rain enters cup b
due to momentum
("kinetic energy”)

Y Entire wind
Wind enters cup— pressure
pressurizing cup; » b # « taken here
no rain entry due
to wind driven rain

o

c Cup can still drain
water to exterior
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Baffle to deflect raindrops
hitting face of cup due
to momentum
("kinetic energy”)

Pressure in cup is b
same as pressure
outside on face
of baffle

Entire wind

Momentum driving force sl | <@ pressure

converted to gravity— taken here
water drains away

Wind enters cup— —>
pressurizing cup; /
no rain entry due C

to wind driven rain

A

& Cup can still drain
o water to exterior
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Insulating
glass unit N\
Seal (tape)

Seal (gasket)

Setting block
(typically two
D per unit)

Hole providing
drainage and
pressurization
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Outer seal sees
water but not
pressure; no
pressure difference
across this seal,
therefore no rain
entry

Pressure in chamber
iS same as pressure
outside on face of >

assembly

Air enters and sl

pressurizes
chamber

Key seal is interior
seal as it takes
maximum wind load
but it does not see
water

Entire wind
pressure
taken here

Pressure
chamber
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Pressure
moderated
chamber

Interior air seal

Beveled wood
siding
Adhesive -backed
sill flashing

Housewrap

Sheathing

Building Science Corporation
2011 Joseph Lstiburek 100



Building Science Corporation
Joseph Lstiburek 101



Building Science Corporation
Joseph Lstiburek 102



Building Science Corporation
Joseph Lstiburek 103



Building Science Corporation
Joseph Lstiburek 104



Building Science Corporation
Joseph Lstiburek 105



Building Science Corporation

Joseph Lstiburek 106



Building Science Corporation
Joseph Lstiburek 107



Intent of sealant is to Flashing tape
limit this lateral flow of
water between

Sealant “bedding’

sheathing and joint
building wrap T
=
Building wrap

“‘wrapped” into
opening
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Sealant
backer rod

/ Inner seal

«——— Wind pressurizes
=+ chamber between

|| - innerand outer

/.‘ _seal

Sealant / \ Outer seal

backer rod

Vent tube
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Sealant
backer rod

/ Inner seal

i— Pressure - -
+  chamber -

Baffle
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Inner, protected seal = Outer, exposed
seal

Drain and vent
opening
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Drainage space

Backer rod
Sealant
Sealant

Backer
rod

Exterior face of
cladding

—— Drainage opening
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Life is Tough Enough As it Is...
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Life is Tough Enough As it Is...
It's Harder When You Are Stupid
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Don’t Do Stupid Things
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“The Bad”
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WEDGE SHIMS INSERTED BEHIND/FRONT OF
ANGLE TO ENSURE DIRECT BEARING ON
BRACKET AND PROVIDE LEVEL (IF NECESSARY)

ANCHOR BOLT

Building Science Corporation
Joseph Lstiburek 161



Building Science Corporation

Joseph Lstiburek 162



Building Science Corporation

Joseph Lstiburek



Thermal break

Pressure plate

Snap cap
Insulation
Exposed metal

flashing

Fully-adhered
membrane flashing

Fiberglass anti-

rotation spacer

Triple-glazed

Stainless steel

Air seal
i “Seat” in concrete
_ 5} slab
I]_
qu
/—
4 High density EPS
thermal break
N N —
V/( \J (
<
N\ )
\VJ
1
" Sealant
Gasket
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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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2nd |_aw 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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Vapor
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o O
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
Higher Air Lower Air
Pressure Pressure
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4x8 sheet of
gypsum board

Interior at 70°F
and 40% RH

AR "eAl("QE

—

4x8 sheet of
gypsum board
with a 1 in2 hole

Interior at 70°F
and 40% RH

==c¥es

L

1/3 quart
of water

30 quarts
of water

Building Science Corporation

Joseph Lstiburek 176



by,
Exterior\
at 74°F

dewpoint

DI~

4x8 sheet of
gypsum board

Interior at 75°F
and 50% RH

oo

of ’

&
Exterior
a)t( 74:’F 4x8 sheet of
i gypsum board
dewpcly with a 1 in2 hole
\u 1 ]
& Interior at 75°F

g

>
c
2

and 50% RH

el

[ o

11/ pints
of water

14 pints of water
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21, 75°F

1T
RH = 50%

1T, 60°F

21 "B

1T
RH = 100%

1T
RH = 50%

2T 15°F

11/,T
RH = 75%
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-l

90°F 75°F 60°F 45°F 30°F
50% RH 50% RH 50% RH 50% RH 50% RH
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35°F
90% RH

Heating

I

70°F
30% RH

Building Science Corporation

Joseph Lstiburek 180



Cooling Reheat

\-//\f\

)

90°F ® 55 O 75°F
90% RH ¢ 100% RH © 40% RH

:Condensation
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0.28 nm

9.58 x 10" =3 A
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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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Heat
Air
Moisture
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HAM




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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Melt

Solid »  Liquid
(ice) ~ 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 Difiuson  Concentraon
 Liqud Capilary Flow ~ Suction Presswre |

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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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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