Joseph Lstiburek

Building Science

Adventures In Building Science



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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Life Is Tough Enough As It Is...
It's Harder When You Are Stupid...
Don’t Do Stupid Things...
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What is a Building?
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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
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Arrhenius Equation
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For Every 10 Degree K Rise
Activation Energy Doubles
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Damage Functions
Water
Heat

Ultra-violet Radiation
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2nd Law 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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Subarctic/Arctic

A~
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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 of |

Control layers >

Structure >
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Wall

Slab Roof
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<—— Slab

<—— Control layers

<+— Stones
<+— Earth
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< Control layer

< Control layer
<+— Roof structure
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Wall
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Wall

Roof
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Wall

Roof

Slab
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_L Parapet

Roof

S Wall

Slab
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= Wall

Roof
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—l\Parapet r

Roof

Wall

Window
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Brick veneer/stone veneer —»|

N

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

Concrete block

N

\/

N

Metal channel or wood furring
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Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

4

B
NN

Vapor Profile

-
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Brick veneer/stone veneer

\4

Drained cavity

Exterior rigid insulation — extruded / pimg
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 Z >
sheathing, plywood or oriented strand
board (OSB) /
Uninsulated steel stud cavity z >
Gypsum board ~

Z

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

NI

Non paper-faced exterior gypsum
sheathing, plywood or oriented strand
board (OSB)

Insulated steel or wood stud cavity

NN

Gypsum board g

Latex paint or vapor semi- 7
permeable textured wall fiinish

- -

Vapor Profile
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Brick veneer/stone veneer ——»|

Drained and vented cavity A — %

Thermal control layer - exterior rigid 7 - d
insulation - rock wool or fiberglass

Membrane or trowel-on or spray - 7 %
applied or liquid applied water
control layer and air control layer

Y\

Concrete block Z

Metal channel or wood furring

Gypsum board 7

Latex paint or vapor semi-
permeable textured wall fiinish

Figure 22 O

Vapor Profile
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Brick veneer/stone veneer

\4

Drained and vented cavity

Thermal control layer - exterior rigid
insulation - rock wool or fiberglass

Membrane or trowel-on or spray
applied or liquid applied water
control layer and air control layer

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

Figure 2b

 E—

Vapor Profile
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Brick veneer/stone veneer

\4

Drained and vented cavity

PN

Thermal control layer - exterior rigid >
insulation - rock wool or fiberglass

Membrane or trowel-on or spray / 7
applied or liquid applied water

control layer and air control layer /

Non paper-faced exterior gypsum L - i

sheathing, plywood or oriented strand
board (OSB)

RNIRNIEN

Insulated wood stud cavity

Gypsum board Z

NN

Latex paint or vapor semi-
permeable textured wall fiinish

Figure 2c O

Vapor Profile

\\
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Commercial Enclosure: Simple Layers

« Structure
 Rain/Air/Napor

* Insulation
* Finish

/
/
/
/
A
/
A
/
y

b 100010010 1f

b 1010101701
V10001011 1f
¥ 110111111
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Upturned leg

—— Base sloped
to exterior

V4 Drip edge
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Hydrostatic
pressure

Hydrostatic
pressure
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Plywood/OSB
sheathing

Water control
layer

33" spacer strip
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Outside Inside

70°F

\ Dewpoint

(50% RH, 70°F)

[N

Location of
condensation
and frost

Exterior —>t+[
sheathing

AR
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Sensible Heat ~ 14.2 J/g/K | / Vapor

Latent Heat 2250 J/g
Energy

Sensible Heat 7142 JiglK  Liquid

Latent Heat 333 J/g

2.1 JIg/K Solid

7

| |
0 273 373

Temperature (K)

Simple linearized energy-temperature relation for water
From Straube & Burnett, 2005
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The inside face of the
exterior sheathing is
the condensing surface

of interest 80
70 s Dew point temp.
B Y /| at 50% R.H., 70°F
Wood-based siding /
60
Building paper ™ // f
_ _ S 50 /
Exterior sheathing = Mean monthly outdoor —— /
R-19 cavity insulation in wood > g 40 lempamsis  \ —————— =
frame wall e Potential for
GE, 30 \ condensation A
- Dew point temp. r
20 at 350A_, R.H., 7OQF L BN I IMI - O . . =
Gypsum board with any paint or 10 Dew point temp. \
wall covering L" at 20% R.H., 70°F
0 | | |
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY

Month
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Wood-based siding

The inside face of the
insulating sheathing is
the condensing surface
of interest

R-7.5 rigid insulation

R-13 cavity insulation in wood

frame wall

Gypsum board with any paint or
wall covering

?
i

Temperature (°F)

80

70

60

50

40

30

20

10

0

/ﬁ
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e

/

tem

Mean monthly outdoor_/l 'z

perature

— Insulation/sheathing interface |
temperature (R-7.5 sheathing,

R-13 cavity insulation as
shown in adjacent drawin

|\\9J

Potential for
condensation

N

Dew point temp. =i
at 35% R.H., 70°F
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Figure 8-7. Outside vapour pressure, saturated vapour pressure
and inside vapour pressure for Winnipeg.
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Temperature [°C]

40 40
i / s
[ 0 ——— 0
20 =20
Water Content [kg/m?] Rel. Humidity [%]
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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

Deflection Testing -3" RB8O, strapping 24 'oc, screws 16" oc

1000
900 +——1 O o
800
700
600
500

400

Vertical Load Applied to Strapping (lIbs)

300

200 -

100 - i |

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09

Average Deflection of Strapping [inches] {{Right+Left)-framing)

—+—3RB80-A1 —E—3RB80-A2 —a—3RB30-A3

01




Steel studs

Sheathing

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 /
system.
: <!

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.




Steel studs
Sheathing

Fully-adhered air and
water control layer

Continuous insulation
layer

Cold ——
formed
hat section

Cold ——t
formed
clip angle

Metal panel

Cold formed
angle
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