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Building Science

“It isn’t what we don’'t know that gives us trouble, it's what we know
that ain’t so”

Will Rogers

“There are known knowns. These are things we know. There are
known unknowns. There are things that we know we don’t know.
But there are also unknown unknowns. There are things we don’t
know we don’t know.

Donald Rumsfeld
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Melt

Solid Liquid
(ice) . Freeze (wator )

Y

Frost Condense
Sublime Evaporate

Gas
(vapor)

Adsorb Desorb

Adsorbed
(surface
layers)
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Moisture transport processes in building materials
and components

Gas diffusion Vapor Vapor pressure
Liquid diffusion Liquid Concentration
Surface diffusion Adsorbate Concentration
Thermal diffusion Vapor and liquid Temperature
Capillary flow Liquid Suction pressure
Convective flow Vapor Air pressure
Gravitational flow Liquid Height

Poiseuille flow Liquid Liquid pressure

From Kumaran, M. K.; Chapter 1, Moisture in Buildings, ASTM; 1994

Building Science Corporation

Joseph Lstiburek 4

© buildingscience.com

July 17, 2015

2 of 57



Univeristy of Wisconsi-Madison Physics

Lstiburek

Water

* Vapor is a single molecule
 Liquid is molecular clumps, 75 or more

Vapor
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The Water Molecule

» Asymmetrical = polar
 Small: one billion = one foot

9.58 x 101
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The Polar Molecule

« Hydrogen end is “more” positive
« Oxygen end is “more” negative

¢°-¢
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Surface Tension: Wettable

Water attracted to Water attracted to self
surface more than self more than surface
&< 90° &> 90°
normal material: hydrophobically treated:
“wettable” “non-wettable”
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Calculating capillary rise

Building Science Corporation

Capillary rise versus diameter
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Subarctic/Arctic

o~
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Extromo - Over 60"
High - 40”- 60"
Moderate : 20 A7
Low l:l Under 20"
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Don’t Do Stupid Things
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Wood or fiber cement siding J
Furring or spacer strip }

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

Plywood or OSB sheathing

EcoTouch® Pink® Fiberglass Insulation
in cavity

Gypsum board

Latex paint

§ Vapor ;

Flow-Through
Assembly
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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

DIV IEAY

[

Control of Condensing

Surface Temperature
Assembly
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% Dry (B) Moist (A) N

N
Marine (C)

Al of Alaska in Zone 7

except for the following

Boroughs in Zone B:

Bathel Northwest Arctic
Deliingham Southeast Fairbanks
Fairbanks N. Star  Wade Hampton

Nor Yukon-Koyukuk
North Slope

~ Warm-Humid
Below White Line
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Outside Inside
70°F
O°F \ Dewpoint
—_— (50% RH, 70°F)
Location of

<
. condensation
Exterlo_r o and frost
sheathing
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The inside face of the
exterior sheathing is
the condensing surface

of interest 80
Wood-based siding I —
Building paper ] &
Exterior sheathing é et g
R-19 cavity insulation in wood i = - g
frame wall == a
- = g
| = ®
i — 20
Gypsum board with any paint or [ = —:1
wall covering @ 3

60 }

S0 +

40 |

30 ¢

10 |

Mean monthly outdoor {

| temperature

+ Dew point temp.
at20% RH., 70°F

\

0 ! ! 1 | | !
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY
Month
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Wood-based siding

R-7.5 rigid insulation
R-13 cavity insulation in wood

frame wall

Gypsum board with any paint or
wall covering

The inside face of the
insulating sheathing is
the condensing surface

[ 1 | [

temperature (R-7. 5=sheathmgf‘
| | R-13 cavity insulation as

shown in adjacent drawiny

of interest 80
70 ‘ /
60 ! /
t 50 - |_Mean monthly outdoor—/
e temperature
5 |
s 40—
é 3 ‘
0 1
° |
20 L i {
il
L | |
0

Dew point lemb -
at35% RH., 70°F

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

Month
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VAPOUR PRESSURE KILOPASCALS

— T -1 T T=T 1
WINNIPEG

— WETTING POTENTIAL &7

I— DRYING POTENTIAL 7O

SATURATED V.P FOR MEAN
OUTDOOR AIR TEMF!a

V.P INSIDE

BUILDING

QUTSIDE VP,

| | 1|

FoR WELL
NENTILATED

Mo J J A

S

Figure 8-7. Outside vapour pressure, saturated vapour pressure
and inside vapour pressure for Winnipeg.
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Outside
Roof sheathing

Condensation and frost
accumulating on underside
of roof sheathing

Attic
insulation

AR

AL

Dewpoint

Inside
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Roof sheathing
and top of attic
insulation are

radiation-coupled Attic

Outside
Radiation to
night sky R g

\ Condensation and frost

accumulating on underside
of roof sheathing

— Condensation and
frost accumulating

A A

Inside
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Fiberglass cavity
75°F insulation

PO oo o O L B N N N o000 O® o000 O0OOGOOGOOGOOSOSO o000
61-62°F \ Wat
61-62°F o]
droplets
Crawlspace air Floor assembly
(65°F dewpoint) and ground are

radiation coupled

Water Ground
droplets
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Woed siding Unfaced batt insulation
(all surfaces painted) 4~ Gypsum board with semi-
> vapor permeable (latex)

Air space paint

17, OSB sheathing
Sealant, adhesive or gasket
Furring B
Sealant, adhesive Sealant at corner of bottom
or gasket P‘ a ur :r gasket

Sealant (typ.)
Rigid i

Sealant, adhesive

or gasket

Batt insulation
Crawdspace vent at top Rigid insulation (fire-rated,
of foundation wall

taped and sealed joints)
Capillary break
Sealant

Treated wood nailer

Masonry
wall

Ground slopes away from
wall at 5% (6 in. per 10 ft.)
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Vinyl or -
aluminum aff b Unfaced batt insulation
siding :; Gypsum board with semi-vapor permeable
Rigid insulation — & {— (latex) paint
glgpec)! or sealed &= Sealant, adhesive or gasket
joints) =
" &= Sealant at corner of bottom plate and subfloos
gfgl:s'xefd" o -_— or gasket under bottom plate

Sealant 3\
~ Rt
L rigia insutation Sealant
Sealant, - (taped or sealed joints)
adhesive or gasket “',.\ jon board [‘\ +
I \- Capillary break |

=t Pier I

Building Science Corporation
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Airspace Wood-based
subfloor

MA A

Gypsum board J Rigid insulation J

Cavity insulation
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— Venting protective
cover

Thermal control
layer

S w— — ————— -

Gy
S

Air control layer, vapor
control layer and draining
membrane

Rain screen ——»

I—— Air control layer, vapor
control layer and water
control layer

Thermal control ——
layer

|—— Structure

Adapted from Baker, M.; Roofs, 1980;
Courtesy National Research Council of Canada
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Parapet Sashing

Fully-adhored water
‘control membrane

Alr control layer
ransion membeane
Fully-adhorod roof membrane

Fiberglass batt
insulasion Rigid insulation

Gypsum sheathing

Busiding papes

Fiberglass batt
insulation

Backer rod fils gap

Pool and stick
trangison membrane;
air and water control

Deflection track allows space
for sheathing 1o move

Bulding papor
2= =
Dreopped caiding tiles

Inserior gypsum board
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Parapet flashing

Fully-adhered water ————

control membrane

Air control layer
transition membrane

batt

insulation

Backer rod

| - Perimeter of roof insulation wrapped in air control
I | membrane to block airflow from roof to parapet
Fully adhered roof membrane

insulation

Water, air and vapor-
control membrane;

preferably fully-adhered f;

Peel and stick
transition membrane;
air and water control

Fiberglass batt ———

insulation

Backer rod fills gap

Peel and stick
transition membrane;
air and water control

Water, air and vapor
control membrane;

VIII

M

— Two (2) layers insulation; joints
staggered horizontally and vertically

N Light gauge steel framing

(mslalled slightly proud

preferably lul'y-wﬁersd E; ;; ; I

Open web steel joist

Deflection track allows space
for sheathing to move
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Air control layer
transition membr

2 Ib spray
polyureth

ane foam

Metal blocking
between steel st

Water, air and vapor —
control membrane;
preferably fully-adhered

uds

1~ Perimeter of roof insulation wrapped in air control
membrane 1o block airflow from roof to parapet
7~ Fully adhered rool membrane
| Two (2) layors insulation: joints
| staggered horizontally and vertically

L Air control
membrane

Building Science Corporation
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Parapet flashing ——
\ — Tapered rigid insulation
Fully-adhered water 1\ / —— Grout and reinforce
control membrane \ )\ / / parapet CMU as per

- Perimeter of roof insulation wrapped in air
| control membrane to block airflow from roof
| toparapet

— Fully adhered roof membrane

Two (2) layers insulation; joints
staggered horizontally and vertically

Fully-adhered water,
air and vapor control
membrane

Peel and stick -
transition membrane;
air and water control

Deflection space

Backer rod to fill
deflection joint and
debond water and air
barrier
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Parapet flashing ———
\ — Tapered rigid insulation
Fully-adhered water 1\ ’," —— Grout and reinforce
control membrane \-4) / / parapet CMU as per
structural requirements
— Backer rod
[
/ - Perimeter of roof insulation wrapped in air
) | control membrane 1o block airflow from roof
| toparapet
— Fully adhered roof membrane
| Two (2) layers insulation; joints
J | staggered horizontally and vertically
/
v |
w77 H I
1,
Fully-adhered water, —& i
air and vapor control =
membrane
Peel and stick
transition membrane;
air and water control foroase
~ Backer rod to fill

deflection joint and

debond water and air

barrier
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/ r— Engineered wood blocking
[ — Fully adhered roof membrane

/ / ~Perimeter of roof insulation wrapped in air control
/ [ [/ membrane to block airflow from roof to parapet

— Two (2) layers insulation; joints
/ i and i

y

Peel and stick
transition membrane;
air and water control

\ T

‘ \
L Metal deck

A\
Air co(!él\membmne

— Light gauge steel! framing
(installed slightly proud
of I-beam)

Fiberglass batt
insulation

Backer rod fills gap —— =

Peel and stick
transition membrane;
air and water control

L Open web steel joist

Deflection track allows space
for sheathing to move

Fully-adhered water, — (il
air and vapor control
membrane
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—Cant
/ /— Fully adhered roof membrane

/ ~Perimeter of roof insulation wrapped in air control
[ / | membrane to block airflow from roof to parapet

/ / 7~ Two (2) layers insulation; joints.

| / f 3
/ | staggered horizontally and vertically
/

Peel and stick
transition membrane;
air and water control
T 77N
| Metal deck Alir control membrane
) Light gauge steel framing
Fiberglass batt (installed slightly proud
insulation of I-beam)
Backer rod fills gap
L \
Peel and stick = X
transition membrane; y '— Open web steel joist
air and water control /A
(7777 Deflection track allows space
/S for sheathing to move
Fully-adhered water, — &
air and vapor control
membrane

July 17, 2015

Building Science Corporation
Joseph Lstiburek 44

© buildingscience.com

22 of 57



Univeristy of Wisconsi-Madison

Physics

OSB sheathing

Roofing membrane

Roof deck (joints
taped)

Cover board
.//— Rigid insulation
|

Spray polyurethane
foam (upside down “L")

Rim closure material
OSB sheathing

Water control layer

Drainage mat

backed lath

Stucco over paper- —»

[

I

A

Cavity insulation

Gypsum board with semi-
permeable (latex) paint

Cavity insulation
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OSB sheathing

Rim closure material
OSB sheathing

Water control layer

Drainage mat

Stucco over paper-
backed lath

Roofing membrane

Roof deck
Spray polyurethane foam

— Cavity insulation

Gypsum board with semi-
permeable (latex) paint

Cavity insulation

Building Science Corporation
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/7 Roof insulation

Protected
roof vent

\— Class Il vapor retarder
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Membrane

Coverboard
Insulation

. Deck
AN . Sheathing
‘ Air barrier
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/ Membrane flutters

— <ﬁ‘f—>

Air
leakage
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Fully-adhered

membrane

Mechanically attached
rigid insulation
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Spray-applied

membrane
Spray polyurethane
foam

Deck
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Rain | Rain

#\
I “Bullet hole™

|

Rain | Rain
|
|

/ “Bullet hole”
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Leaky air handling unit
and supply ducts

i

:\ Air handling |
. unit
] L .
Supply Return Supply

© @ 0 0

Depressurized conditioned space
inducing infiltration

/u L‘\

Note: 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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Air handling
unit

Supply Return Supply

Note: 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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Outside
[3
A ]
IAVAVAVAVAVAVA VAV
Precast panels - — G
- REE SEEE T TP T
N )
Inteestitial cavity » =1 . @ - @
= -
Insulated steel = ! i
i wel = Foot-meuned
=1 4
Interior — : IMI
gypsum board a8 = ] Rasod Hoot
= . »
= EEETNC R ST T Y ) et
= —
= 7
= '---)-....-..,.,-.(-
=1 - "
= ' + . @
‘;‘ M (../ ‘ v/
o = : 1
— Floce-mounted
= B8 $PAC CONABONING
— [} it |
=3 '
= M |_'_| Raised floor
= %
= I P N e
Concrete e *
foundation .

Figure 5.10
HVAC System as Designed
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on back of

Figure 5.11

v
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Figure 5,12
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/ Ridge vent

Leaky —/
ceiling

Outside
air

Outside
air
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Ridge vent
sealed

Distribution
“manifold”

Gypsm board
removed

Fan pressurizes
roof cavity

Rigid insulation
added

\— Soffit vent
sealed

Soffit vent J
sealed
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Legend

~a— Upper level air flows
-a— Lower level air flows
~a—p Air flow at panel joints
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~s— Lower level air flows

~—- Air flow at panel joints connecting
uppr and lower air flows
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Shingles

Roofing paper

Vent space of nailbase
insulation panels

M =
Panel joint

Acoustical perforations Fluted metal deck
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New roofing system

Fully adhered membrane

Roof sheathing

Two layers of rigid insulation
(joints staggered and offset)

A\

Fluted metal deck

Fully adhered membrane air barrier / /
Gypsum sheathing
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