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80 percent of construction defects involve
water

98 percent of basements will experience
water damage during their useful service
life

40 percent of homeowners claim to have
suffered from water damage

Water damage is the second most frequently
filed claim
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Point Number 1
Buildings Must Be Designed To Dry

Buildings Can Dry To The Outside
Buildings Can Dry To The Inside
Buildings Can Dry To Both Sides
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2" | aw of Thermodynamics

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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Expansion of Conditioned Space
+ Condlionad space boundares moving lowards
exterior surfaces of

buidng
+ Garage isolated from house by air barre/pressure boundary
+ Garage vensiated and conditioned independently of rest of

spaces
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Rigid insulation

Sill gasket

Concrete stem wall —

Concrete footing

Sealant, adhesive or gasket —

Ground slopes.
from wall at 5%
(Bin. por 101}

Fiberglass batt insutation
Sealant

Sealant, adhesive or gasket
— Sill gasket

Concrete foundation wall

Unfaced extruded or

expanded polystyrene rigid

insulation (semi-permeable
with taped or sealed joints)

Gypsum board thermal

Gypsum board over
furring strips

Seatant

Gygsum board heid up from
shal

Granular
capitary break
and drainage
pad (no fines)
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Outside Inside

70°F

Dewpoint
(50% RH, 70°F)

Location of
condensation
and frost

Exterior —»
sheathing
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Ice Dams

Roof insulation —

~ Continuous ridge
Insulation wind batfie ™ ventilation >
2" minimum space  —— N\

ventilation

Water protection " Attic

membrane ~

\ Gypsum board with vapor
\ semi-permeable (latex) paint

Co;:nuo::s { Consider increasing depth of
soifit ven \ insulation by using deeper

\ trusses or oversized (longer)
Vinyl or \ trusses
aluminum siding — Caulking or sealant
Rigid insulation Gypsum board with permeable
(taped or sealed joints) (latex) paint
Unfaced cavity insulation, /
cellulose or low-density 4

spray-applied foam ——
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Leaky air handling unit
and supply ducts

+ 1T +
Supply Return Supply

© © © 6

Depressurized conditioned space
inducing infiltration

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
Joseph Lstiburek 47

Building Science Corporation
Joseph Lstiburek 48

Lstiburek

© buildingscience.com

January 20, 2014

12 of 53



2014 Innovation Summit

Improved Claims: Building Science and Underwriting

Building Science Corporation
Joseph Lstiburek 49

1
i
.

Building Science Corporation
Joseph Lstiburek 50

Building Science Corporation
Joseph Lstiburek 51

Lstiburek

© buildingscience.com

Joseph Lstiburek 52

January 20, 2014

13 of 53



Lstiburek

2014 Innovation Summit

Improved Claims: Building Science and Underwriting

Thin ice slab—

running under >
thin ice slab_—
s

Icicles -

under snow _ '
Melt water ———

down
of sheathing
1899090000000 0
NARNANAN N
[ \‘ ‘C \‘ “‘ \ “\ \ “w \/ w“ / \‘ [\[\/
8 B88H8E.

January 20, 2014

—— Melt water running

Building Science Corporation

Joseph Lstiburek 53

Building Science Corporation

Building Science Corporation

Joseph Lstiburek 54

Joseph Lstiburek 55

Building Science Corporation

Joseph Lstiburek 56

© buildingscience.com

14 of 53



2014 Innovation Summit

Improved Claims: Building Science and Underwriting

January 20, 2014

r W e B T c N O o WO R i o Wl i i W 0 W el
E ) US ARMY CRREL [
3 * S wmvhousm
05 o & 93 haddin =
E ® 92 rmdsen E
3 O 51 majermesen
3 M 62 meigranduirs F
3 M 5.1 rourded mellgrare o £
05 3 ¥ 52 rduakd dehbar Equation [4] E-
3 ¥ 84 deweordephhos E
E & 33 mezd teme E
- < 32 tge rorded F
3 ¢ 31 sma rourded X
E + 20 renimow E
~ 04 o ¥ 10 rewsrow ) F
p¥ 3 F
e 3 E
2 os 3
< E E
= E E
0z 4 =
R-1/in
01 - E
E g =0138-1010 p+3233 p 3
3 R* =079 E
0o T T ¥ T T T T =
00 02 20 pcf o4 06 08
Density (@ em )
Building Science Corporation Building Science Corporation
Joseph Lstiburek 57

Joseph Lstiburek 58

Ice Damming Risk, R-10 Snow
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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.
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. Roof membrane
—— Fiberboard hygric buffer

Rigid insulation

Y.y

T
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Air barrier membrane

G
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Fluted steel deck

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

Wood decking

Timber rafter or exposed joist
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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

Roof sheathing
Roofing membrane —
Shingles ——————————————— )
Roofing paper — 2|
Roof sheathing ‘
Vented space

Timber rafter
or exposed joist

Wood decking

Air barrier membrane

R-80 rigid insulation (horizontal
and vertical joints staggered)
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Figure 87. Outside vapour pressure, saturated vapour pressure
and inside vapour pressure for Winnipeg.

79

Building Science Corporation

Joseph Lstiburek 80

Lstiburek

© buildingscience.com

20 of 53



2014 Innovation Summit

Improved Claims: Building Science and Underwriting

January 20, 2014

Water Vapor F of Hyg i

100

90
§ 70 4
& 60 4
=]
§ w0
E y Wet cup limits.
& 49 Dry cup limits cu:wm/l
- IO T Tt )
=
5 8 Wotcup
s 20 1 Dry cup 3 test results.
d Bl

10 | g

0 T T T T T T T T

0 10 20 30 40 50 60 70 80 90 100
Mean Relative Humidity, %

Relative Humidity (RH) %

40

30 1

Water Vapor Permeance, US perms

20 4

Water Vapor Per of Interior

Unpainted
Gypsum
Board
MomBrain™

Retarder

Primed &Painted
Gypsum Board

Dry Cup
Wet Cup

Asphalt-Coated
Kraft Paper

30 40 50 60

Mean Relative Humidity, %

70

Building Science Corporation

Joseph Lstiburek 83

Building Science Corporation

Joseph Lstiburek 84

Lstiburek

© buildingscience.com

210f 53



2014 Innovation Summit

Improved Claims: Building Science and Underwriting

January 20, 2014

Water Vapor Permeance of WRB's
Folt

i

g 3

&
S

Water Vapor Permeance, US perms

) T T T T T T T T 1

T
0 10 20 30 40 50 €0 70 80 20 100
Mean Relative Humidity, %

Building Science Corporation
Joseph Lstiburek 85

Water Vapor P of Sh i

& 8 8

w
8
4
Dry Cup

Water Vapor Permeance, US perms

n
S
i

=
L

o

T T T

30 40 50 60 70
Mean Relative Humidity, %

o
=
3

Penetrating
Water

Sheathing

Penetrating
Water

Building Science Corporation
Joseph Lstiburek — Rain Control 87

Building Science Corporation

Joseph Lstiburek — Rain Control 88

Lstiburek

© buildingscience.com

22 of 53



2014 Innovation Summit

Improved Claims: Building Science and Underwriting

Building Science Corporation
Joseph Lstiburek — Rain Control 89

Rain Screen
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If You Need To Run A Hygrothermal Model
To Figure Out If Your Wall Works You
Have The Wrong Design

Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Brick veneer/stone veneer

Drained cavity

NN/

Exterior rigid — extruded

polystyrene, expanded polystyrene,
rock wool,

Membrane or trowel-on or spray

applied drainage plane, air barrier
and vapor retarder

Concrete block

lg
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Metal channel or wood furring

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 -

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)

S|N|SISISISSIS|

Uninsulated steel stud cavity

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

77
= —

Vapor Profile

|

Brick veneer
Drained cavity

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

or b i-on or spray
applied drainage plane, air barrier
and vapor retarder

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

Insulated wood stud cavity

RESRREN

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

] NSNS

Vapor Profile
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Commercial Enclosure: Simple Layers

« Structure

» Rain/Air/Vapor
« Insulation

* Finish
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Rain enters cup Y
due to momentum
("kinetic energy”) b

to wind driven rain
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é Cup can still drain
water to exterior
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%) Entire wind
Wind enters cup— pressure
pressurizing cup; b taken here
no rain entry due
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Baffle to deflect raindrops
hitting face of cup due
to momentum
("kinetic energy”)

Pressure incup is b
same as pressure
outside on face ™=
of baffle
Momentum driving force

converted to gravity—
water drains away

Wind enters cup— —>

pressurizing cup;

no rain entry due
)
OO
[

to wind driven rain

Cup can still drain
water to exterior
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