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Adventures In Building Science

Enclosures
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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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First Law - Conservation of Energy
Second Law - Entropy
Third Law - Absolute Zero

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

Rudolf Clausius

Building Science Corporation

Joseph Lstiburek 5

Building Science Corporation
Joseph Lstiburek 6

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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Building Science Corporation
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Damage Functions Damage Functions
Water

Heat

Ultra Violet Radiation

Building Science Corporation Building Science Corporation
Joseph Lstiburek 9 Joseph Lstiburek 10
80 Percent of all Construction Problems are Heat
Related to Water Air
Moisture
Building Science Corporation Building Science Corporation
Joseph Lstiburek 11 Joseph Lstiburek 12
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Building Science Corporation
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer

Building Science Corporation
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Hygrothermal Analysis

Building Science Corporation
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Cladding >
Control layers — {»

Structure T | (A =

Building Science Corporation
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Wall
=, s Ballast
i RS0 ¢ g .
i OS¢ Filter fabric
< Control layers
I < Roof structure
i J1 JL JL |
! | i i
[ 1C il il ]
Slab Roof
Building Science Corporation Building Science Corporation
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Slab
Control layers
OIS =GP
Earth
Building Science Corporation Building Science Corporation
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Roof

Wall

= ——=1———4

Slab

Building Science Corporation
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Roof

H wall
Building Science Corporation
Joseph Lstiburek 22

TL Parapet
L Roof
= Wall

Slab

Building Science Corporation
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P Parapet
H Roof
U
Window Wall
[l
| Slab

TL Parapet
: Roof
: Wall
Slab 7
i
Building Science Corporation
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Building Science Corporation
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Brick veneer/stone veneer ——e|

SIN]

Drained cavity

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

SININ]

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

A

Metal channel or wood furring

Gypsum board

Latex paint or vapor semi-

permeable textured wall fiinish i
7

«

Vapor Profile

o

)
Brick veneer
Drained cavity
Exterior rigid insulation — extruded
polystyrene, expanded polystyrene,
isocyanurate, rock wool, fiberglass E
or trowel-on or spray
applied drainage plane, air barrier
and vapor retarder E
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

T

Building Science Corporation

Joseph Lstiburek 27

Building Science Corporation

Joseph Lstiburek 28

Lstiburek
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Building Science Corporation
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Building Science Corporation
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Brick veneer

[

Drained cavity

1111

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

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

9000000000000 00
180989859888/

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

.

Insulated wood stud cavity

Gypsum board

Latex paint of vapor semi-
permeable textured wall fiinish

9181888000

'iﬂdkﬂtﬂd S|N|NIN/NISINI

Vapor Profile

Commercial Enclosure: Simple Layers

« Structure

» Rain/Air/Vapor
* Insulation

« Finish

~
~
-~
—~
~
~
-
~
~
-
-~
~
-
T
~
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 35

Lstiburek

Building Science Corporation
Joseph Lstiburek 36

© buildingscience.com

9 of 48



CSI Maine 2014

Enclosures

X

[ .ﬁ m

M

i

May 15, 2014

Building Science Corporation
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Building Science Corporation
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M
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 41

Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Lstiburek

Building Science Corporation
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Building Science
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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LT
LT

Building Science Corporation
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Building Science Corporation
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Building Science Corporation

Joseph Lstiburek 62

Building Science Corporation
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Lstiburek
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Building Science Corporation
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Building Science Corporation
Joseph Lstiburek 66

Building Science 2009

Joseph Lstiburek — HVAC 67

Lstiburek

Building Science Corporation
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Building Science 2009

Upturned leg

Base sloped
to exterior

Drip edge

Joseph Lstiburek — HVAC 69

Building Science Corporation
Joseph Lstiburek — Rain Control 70

Building Science Corporation

Joseph Lstiburek — Rain Control 71

Lstiburek

Building Science Corporation
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Rain enters cup Q
due to momentum
("kinetic energy”) b
)
%
¥
0
n
v
O Cup drains water
to exterior
"
v

Building Science Corporation

Building Science Corporation
Joseph Lstiburek 73 2011 Joseph Lstiburek 74

Baffle to deflect raindrops
hitting face of cup due

Rain enters cup 9 to momentum
due to momentum ("kinetic energy”)
("kinetic energy”) b »
Pressureincupis @
> same as pressure
o outside on face
of baffle R
5} Entire wind Entire wind

Wind enters cup— —» | < pressure Momentum driving force < pressure
pressyrizing cup; b taken here converted to gravity— taken here
no rain entry due water drains away

to wind driven rain

»
9 Wind enters cup— —h

pressurizing cup;

A v
~ no rain entry due 2
[*] to wind driven rain ()
4
A s - U‘ " -
@ Cup can still drain & Cup can still drain
water to exterior ¢ water to exterior
. A
v -
Building Science Corporation Building Science Corporation
2011 Joseph Lstiburek 75 2011 Joseph Lstiburek 76

Lstiburek © buildingscience.com 19 of 48



CSI Maine 2014

Enclosures

Insulating
glass unit

Seal (gasket)

Hole providing
drainage and
pressurization

————

Frame

May 15, 2014

Seal (tape)

Setting block
(typically two
per unit)

Building Science Corporation
2011

Outer seal sees
water but not
pressure; no
pressure difference
across this seal,

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

therefore no rain water
entry
Pressure in chamber | A 2
is same as pressure s:‘et'sr:u‘:_ve'"d
outside on face of | < talion here
assembly S
i Pressure
Air enters and sl
pressurizes chamber
chamber
——

. —— -

Joseph Lstiburek 77

Building Science Corporation
2011

Joseph Lstiburek 78

Pressure
moderated
chamber

Adhesive -backed
sill flashing

Housewrap

Sheathing

Interior air seal

Beveled wood
siding

Building Science Corporation
2011

Joseph Lstiburek 79

Lstiburek
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Lstiburek

Building Science Corporation
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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

Building Science Corporation Building Science Corporation
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Building Science Corporation Building Science Corporation
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Building Science Corporation Building Science Corporation
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Joseph Lstiburek 94

Building Science Corporation Building Science Corporation
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Building Science Corporation Building Science Corporation
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Building Science Corporation Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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— Sealant
backer rod

Inner seal

Wind pressurizes
chamber between
inner and outer
seal

Outer seal
— Vent tube

Sealant
backer rod

Building Science Corporation

Joseph Lstiburek 109

Building Science Corporation

Joseph Lstiburek 110

— Sealant

backer rod
Inner seal

Pressure
chamber

Baffle

Water Vapor Permeance, US perms

Water Vapor Permeance of Hygroscopic Materials

4 - Wet cup limits
le—— Dry cup limits ——————»]

Dry cup g
test results ‘;’
=

T T T

T T
0 10 20 30 40 50 60 70 80 90 100

Mean Relative Humidity, %

Building Science Corporation
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Lstiburek
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Relative Humidity (RH) %

Building Science Corporation

Joseph Lstiburek 114

Water Vapor Permeance of Sheathing Materials

3

50 4

Water Vapor Permeance, US perms
n w »
3 &8 &
iy L

=
L

Dry Cup

o

o
3
3

T T T

30 40 50 60 70 80 90 100
Mean Relative Humidity, %

115
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Building Science Corporation

Joseph Lstiburek 117

Building Science Corporation
Joseph Lstiburek 118

Building Science Corporation
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Lstiburek

Building Science Corporation
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Sheathing

Penetrating
Water

Building Science Corporation
Joseph Lstiburek — Rain Control 121

Building Science Corporation
Joseph Lstiburek — Rain Control 123

Lstiburek
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Penetrating
Water

Building Science Corporation
Joseph Lstiburek — Rain Control 122

Rain Screen

Building Science Corporation
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Building Science Corporation

Beer Screen?

Joseph Lstiburek 125

Building Science Corporation

Joseph Lstiburek 126

Building Science Corporation

Hydrostatic
pressure

Hydrostatic
pressure
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Lstiburek
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Building Science Corporation
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Building Science Corporation
Joseph Lstiburek 130

0@

Building Science Corporation
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Lstiburek

Building Science Corporation
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| Hydrostatic
—*  head

«—— Cladding

Building Science Corporation

Joseph Lstiburek 133

Building Science Corporation
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A

«—— Cladding

Hydrostatic
head

Building Science Corporation

Joseph Lstiburek 134

mph

Wind Speed (mph) vs. Stagnation Pressure (Pa)

100

300 400 500 600 700 800 900 1000

Building Science Corporation
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Building Science Corporation Building Science Corporation
Joseph Lstiburek 137 Joseph Lstiburek — Rain Control 138

Building Science Corporation Building Science Corporation
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Building Science Corporation

Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Wood or fiber cement siding

Furring or spacer strip

Building paper, housewrap or building
wrap (PinkWrap® Housewrap)

Ptywood or OSB sheathing

EcoTouch® Pink® Fiberglass Insulation
in cavity

Gypsum board

Latex paint

Building Science Corporation

Joseph Lstiburek 147

Lstiburek
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Joseph Lstiburek 146

Wood or fiber cement siding

Furring or spacer strip

Exterior rigid insulation (Foamular®
Extruded Polystyrene (XPS))

EcoTouch® Pink® Fiberglass Insulation
in cavity

Gypsum board

Latex paint

Control of Condensing
Surface Tomperature
Assembly

Building Science Corporation

Joseph Lstiburek 148

37 of 48



CSI Maine 2014

Enclosures

May 15, 2014

Marine (C)

Moist (A)

Outside Inside
70°F
- — Dewpoint
—— (50% RH, 70°F)
: Location of
) L — condensation
Exterior ——rf — and frost
sheathing S
)
>-<::j

Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Woog-based sidng
Busking paper
Exterior sheathing

R-19 cavity insutaticn in wood
frame wall

Gypsum board with anry paint or
wal covering

Dew pont temp. +
M50%RH TOF +—

Mean monthly outdoor
1 temperature

Dew poirt temp.
Lt IS%RH, T0F == )

Tomperature (')
82 8 8 8 8

10 L Dew point lemes
8120% RH. 70°F :

o
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
Month

The inside face of the
Insulating sheathing &
the condensing surtace
of intorest

Viood-based siding

R-7.5 rigid insulation

ST

R-13 cavity insulason in wood
frame wall

Gypsum board with any paint o¢
wall covering

9108008

Temperature ('F)

&0
. /- \nsusaton/sheathing intertace |
0 T tomperature (R-75 sheathing

R-13 caty insulation as
L shown in adjacent drawing)
0 Mean monthly outdoor.
somparature
o—tt1 1 1 _ |
0 | - - - - +
200 L L 1 1 = 1 1
Dew point temp.
10 | | i L MISNRH TOF | | | 1

o
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
Month

Building Science Corporation
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Building Science Corporation
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2.4

22

20

VAPOUR PRESSURE KILOPASCALS
©

T T T 1T T 71
WINNIPEG

WETTING POTENTIAL &7
[— DRYING POTENTIAL 7O

l

SATURATED VP FOR MEAN
OUTDOOR AIR TEMPa

) |

|

1

VENTILATED
BUILDING

o4 = OUTSIDE VP, u
02 [~ j
° N S IS S S A I (|
J F M A M J J A 5 0 N D
TIME MONTHS OF A YEAR
Figure 87. Outside vapour pressure, saturated vapour pressure

and inside vapour pressure for Winnipeg.
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Outside

“~— Roof sheathing

N

Condensation and frost

accumulating on underside
of roof sheathing

Attic
insulation

May 15, 2014

Dewpoint
Inside
Building Science Corporation
Joseph Lstiburek 157
Outside
Radiation to
night sky g R
g g g Roof sheathing
~— Condensation and frost
accumulating on underside
of roof sheathing
Roof sheathing =
Condensation and
and top of attic /
insulation are Attic / gﬁgaﬁu::‘ﬂahng
radiation-coupled / msul:!ion

— Attic
Inside insulation
Building Science Corporation
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Wood siding —
(a1 surtaces painted)
Al space
/3" OS8 sheathing —
Furring
Sealart, achwsive
or gasket——
e o Sealant (typ.)
199898973 . 990
052« s 8008000
Sealant, adhesive
o gaskat
\ oot ot
Crawispace vent at fop ——e2| — Rigid insulation (fie-rated,
of foundation wall Z taped and sealed joints)
s Capilary break
Masoery foundation s Sealant
i \—— Treated wood naer
Ground siopos away from |
wall a1 8% (6 in.per 101t)  [7

Building Science Corporation
163
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Fiberglass cavity
[— 75°F /- insulation
¥
reeoe oo eooes L B N N Seoooo0oOeee oo
61-62°F \— Water
61-62°F
droplets
Crawlspace air Floor assembly
(65°F dewpoint) and ground are

radiation coupled

Water
droplets

Ground

Building Science Corporation
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Vinyt ce
“a|| F=2f—— Untaced bam insutation

siding . Gypsum board with semi-vapor prmeable
Rigd insulation — atex) pab
(taped or seated Sealant, achesive of gasket
w;" - Sealart at corner of botiom plate and subfioos
o goskel | or gasket under botiom plate
Adhesive 4

=T oo T
Qeul i‘l CCC L ) Y AN YL )Y

— |

L g nauiston - Seaant

Soolart, ——4 /A (Pedor sesied oits)
adhesivo or gasket ~\\- Protaction board (=%

HAH
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Roof insulation
Continuous ridge
Insulation wind batfle ventilation >

2" minimum space

Water protection
membrane

Gypsum board with vapor
semi-permeable (latex) paint

g:,: :'C:z:'s Consider increasing depth of
insulation by using deeper
trusses or oversized (longer)

Vinyl or trusses

aluminum siding Caulking or sealant
A= Gypsum board with permeable

Rigid insulation
(latex) paint

(taped or sealed joints)

Unfaced cavity insulation,
cellulose or low-density
spray-applied foam

Building Science Corporation
Joseph Lstiburek 166

Leaky air handling unit
and supply ducts

Return

© e e e

Depressurized conditioned space
inducing infiltration

L

Note: Colored shading depicts the building’s thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.

Building Science Corporation
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Building Science Corporation
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Thin ice slab
under snow

Melt water
running under
thin ice slab

Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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b

= = = — —,

Warm air is
trapped by
overhang

— Cladding
warms air

_':

Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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Mote: Colored shading depicts the building's thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.

Roof membrane
—— Fiberboard hygric buffer

Rigid insulation

Yy

LCR S s W ¢ G W s N S T

Air barrier membrane
Gypsum sheathing
Fluted steel deck

Building Science Corporation
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Shingles -
Roofing paper -

Minimum R-50 rigid insulation
in two or more layers with horizontal
and vertical joints staggered

Nail base for shingles (plywood or OSB)
screwed through rigid insulation
to wood decking or timber rafters

Air barrier membrane

Timber rafter or exposed joist

Wood decking

Roof sheathing

Roofing paper

Shingles

Minimum R-50 rigid insulation
in two or more layers with horizontal
and vertical joints staggered

Roof sheathing -
Roofing membrane
Vented space

Air barrier
membrane

Wood decking

Timber rafter or
exposed joist
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