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Building Science

Adventures In Building Science



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
Reaction Rate Doubles

I — :].E!_EMF{HTII

Building Science Corporation
Joseph Lstiburek 6



Damage Functions
Water
Heat

Ultra-violet Radiation
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2nd Law 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

Building Science Corporation

Joseph Lstiburek 10



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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Thermodynamic Potential
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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

JL

J1l

1l 11 1l

Slab Roof
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<—— Control layers
o «+— Stones

<—— Earth




< Control layer

< Control layer
<— Roof structure
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_L Parapet

Wall

J1

]

Roof

Slab
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—LParapet J__
i Roof
= Wall

Footing Slab
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—LParapet

1C

Wall

Window

Footing

Roof

Slab
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Brick veneer/stone 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

Concrete block

Metal channel or wood furring

Gypsum board

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
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)

Uninsulated steel stud cavity

v

Gypsum board | -

Latex paint or vapor semi- : el
permeable textured wall fiinish

- | =)

Vapor Profile
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Brick veneer/stone veneer -I :

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)

Insulated steel or wood stud cavity

Gypsum board T

Latex paint or vapor semi- o
permeable textured wall fiinish /

- ( -

Vapor Profile
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Brick veneer/stone veneer —’g L/

Drained and vented cavity | A

Thermal control layer - exterior rigid 4

insulation - rock wool or fiberglass L/
L/

Membrane or trowel-on or spray %

applied or liquid applied water

control layer and air control layer 4

Concrete block d
L/

Metal channel or wood furring 2

Gypsum board

, _ -

Latex paint or vapor semi-

permeable textured wall fiinish o
L/

Figure 22 e S

Vapor Profile
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Brick veneer/stone veneer

v

Drained and vented cavity

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

Membrane or trowel-on or spray ———————f—>—rt—#
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

v

Gypsum board 7~ -

Latex paint or vapor semi- »
permeable textured wall fiinish

Figure 2b e

Vapor Profile
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Brick veneer/stone veneer

v

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

&R 7(1"

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

X

Insulated wood stud cavity | v

Gypsum board

Latex paint or vapor semi- 1
permeable textured wall fiinish 7 7'

Figure 2¢ ==

Vapor Profile
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Commercial Enclosure: Simple Layers

e Structure

s
L #  * Rain/Air/Vapor
§ 2 .« Insulation
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Upturned leg

—— Base sloped
to exterior

V4 Drip edge
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\ / 3 4
)
Hydrostatic
pressure
Hydrostatic
pressure
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Plywood/OSB
sheathing

Water control
layer

33" spacer strip
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Rain Screen
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Beer Screen?
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Rain enters cup b
due to momentum

(Rnstiosnorgyl ' \
9

9
9

-

0 Cup drains water
to exterior

Building Science Corporation
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Rain enters cup b
due to momentum
("kinetic energy”)

Y Entire wind
Wind enters cup— pressure
pressurizing cup; » N - taken here
no rain entry due
to wind driven rain

o

c Cup can still drain
water to exterior

Building Science Corporation
2011
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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; 0/
no rain entry due

to wind driven rain

water to exterior

¢
o,
OU Cup can still drain
¢
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Insulating
glass unit
Seal (tape)
Seal (gasket)—
Setting block
(typically two
per unit)
Hole providing 4 B
drainage and \ ______
pressurization P Frame
'
o =]
F° - EF G A =R GF G G G G aE - - an = 1
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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

Building Science Corporation
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Pressure
moderated
chamber

Adhesive -backed
sill flashing

Housewrap

Sheathing

Interior air seal

Beveled wood
siding
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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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7 Single top plate
— 2x6 stud wall @ 24" o.c.
Taped and painted '/,

gypsum wall board as
interior finish

Cellulose insulation in
wall cavity

OSB sheathing with
water control layer

facing; joints taped/
sealed

Mineral fiber insulation
boards

- 1x4 wood furring strips

Wood or fiber cement
siding

Cellulose
insulation at
fim joist

Capiliary break —~

EPS insulation- g
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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
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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.
I <

‘\ 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

Cold
clip angle
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Sealant for air control layer continuity

Stool and apron / Window

Wood buck (OSB, plywood, —— /

etc.) /

Wood blocking
Sheet metal
closure
Precast sill
Thermal
control layer

Water, air and vapor control

layer
Brick veneer
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Water, air and vapor control
layer

Sheathing

Wood buck (OSB,
plywood, etc.)

Sealant “aesthetic” closure

Thermal
control layer

Sealant and
backer rod

Building Science Corporation
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Air Leakage

Building Science Corporation
Joseph Lstiburek 149



Membrane

Coverboard
Insulation

ﬂ
—\\ 3 s | \\\\ Vs _&%\ St ‘ | '\‘\c__ /Z \\Y\ V4 I \\ ///
Deck

Sheathing
Air barner
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Supply air into occupied
zone returns to AHU by

Air handling unit extracts air from dropped
ceiling, conditions it and injects it into the

passing through deliberately| occupied zones via supply ductwork

porous dropped ceiling or

through return grilles & 3;"?;’::“‘:;2'("‘%
msﬂtla tor in croppac airphandling unlt‘;
e | extracting air from
dropped ceiling
Air handlmg ir handling {
O [ ] O
1 ‘ I Ll
: + Occupled Zone + !
I 1 ] i I
1 ] 1 i +
! ) § i ) { I
B e el ol i P i s
—
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Parapet Sashing

Fully-adhored waler
control membrane

Alr control layer
trans@on membeane

Fiberglass bat
insudasion
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Parapet flashing - \

Fully-adhered water \
control membrane \

yyys /

Air control layer - ot —

transition membrane

rouriesshat 20

insulation (LLLL

Water, air and vapor

control me;nbfane:

eporlepisa 77/
I,

transition membrane;
air and water control

Tapered rigid
insulation
— Cant
: [~ Wood blocking
N / |~ Perimeter of roof insulation wrapped in air control

e~ [ [ /' membrane 1o block airflow from roof to parapet
[/ f r— Fully adhered roof membrane
| ||| Two(2)layers insutation; joints

[ | ] | staggered horizontally and vertically

{ ! f

[

Backer rod fills gap

Peel and stick —
transition membrane;
air and water control

Water, air and vapor —§
control membrane; T 777,
preferably fully-adhered Y707

-

1
\
\ \

\ . s CLENN
\_ Metal deck — Air control membrane

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

[ .
' Open web steel joist

~ Deflection track allows space
for sheathing to move

Building Science Corporation
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\ ~—— Tapered rigid insulation
Euly-ehwed welef. =\ | ) / ~—— Grout and reinforce
membrane / parapet CMU as per
/ structural requirements
— Cant
|~ Wood blocking

/ / ~ Perimeter of roof insulation wrapped in air

[ || control membrane to block airfiow from roof

f x [ to parapet

= Fully adhered rool membrane
|~ Two (2) layers insulation; joints
staggered horizonally and vertically
Fully-adhered water, ¥
air and vapor control e A -
membrane H
1;

Peel and stick -
transition membrane;
air and water control i o

Backer rod to fill

deflection joint and

debond water and air

barrier

Building Science Corporation
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'\ —— Tapered rigid insulation
Fully-adhered water - -\ (- Grout and reinforce
control membrane parapet CMU as per
struciural requirements
Backer rod
~ Perimeter of roof insulation wrapped in air
control membrane to block airflow from roof
to parapet
Fully adhered rool membrane
= Two (2) layers insulation; joints
staggered horizontally and vertically
Fully-adhered water, i
air and vapor control e A - 5 . O,
membrane . ;
1

Peel and stick -
transition membrane;
air and water control De

Backer rod to fill

deflection joint and

debond water and air

barrier

Building Science Corporation
Joseph Lstiburek 155



Parapet flashing ————

Fully-adhered water gAY —— Tapered rigid
control membrane \ o\ | insulation
f Cant
7 ",' 'r‘ ) WO(X’ bm"‘g
/S e ||~ Perimeter of roof insulation wrapped in air control
Air control layer 22772 o /| | membrane to block airflow from roof to parapet
transition membrane - B 4 [ | |
i m < ) S r~ Fully adhered roof membrane
Fiberglass batt — Rosors =< [ | | /
insulation - >—~-I___» ) / [ |/ [ Two (2) layers insulation; joints
Water, air and vapor— ;‘Vl /) ") L g J o SeaeosmdRonzontslly and vericely
control membrane; I, fx__:f-"{ -
preferably fully-adhered [ i
Peel and stick - % ] e
transition membrane; - -
air and water control
- 1
|.A ‘ll
-l \ \ £LAN
—— ;!j:'\."‘ \\ li‘— Metal deck - Air control membrane
(=
o R
o Light gauge steel framing
Fiberglass batt - — (installed skightly proud
insulation — of I-beam)
=
|>-<:-q
. ==
Backer rod fills gap \ o
s
—— [ {
Peel and stick - \
transition membrane; i — Open web steel joist
air and water control | | e
o | — Deflection track allows space
y S, -- = for sheathing to move
Waler, air and vapor — 55504 —__
control membrane; 777, ><———-><
T~

preferably tully-adhered V.// /7

Joseph Lstiburek 156
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Parapet flashing ————

Fully-adhered water gAY — Tapered rigid
control membrane \ o\ | insulation
r Backer rod
7 s A. — |'
SIS Y s / ~ Perimeter of roof insulation wrapped in air control
Alr control layer 27772 < ,- | membrane 1o block airflow from roof to parapet
transition membrane - =< f /
& YA ) .' |~ Fully adhered rool membrane
iberglass batt — 277 = / / /
insulation - >—~-I___ ) / [ Two (2) layers insulation; joints
Walr. ok i Viior— ?//@ s — | [ ] staggered horizontally and vertically
control membrane; I, fx__:f-"{ :
preferably fully-adhered [ i
Peel and stick - % ] =
transition membrane; - -
air and water control
- 1
|.A ‘ll
- \ \ £LAN
— ;!S..( \\ l'L__ Metal deck \ Air control membrane
b
== b
o Light gauge steel framing
Fiberglass batt - == (installed slightly proud
insulation — of I-beam)
=
|>-<:-q
. =
Backer rod fills gap \ o
s
—— [ {
Peel and stick - 3 \ o
transition membrane; e — Open web steel joist
air and water control | | e
;-:-_j"'><‘ ~—— Deflection track allows space
) S -} - for sheathing to move
Water, air and vapor —Eiriont— P
control membrane; 7777 ><———-><
T~

preferably fully-adhered Y./ 07/

Building Science Corporation
Joseph Lstiburek 157



Parapet flashing - -

Fully-adhered water - \
conlrol meenbrane \

Alr control layes

transition membrane

Vapor permeable
water control and
air control membrane
sinp

2 I sprayy
polyurethane loam

Metal biocking ———
between steel studs

Water, air and vapor
control membrane, 7
proforably Iulymod Y Isrs

— Backer rod
/ erdaolrodmulauonwrnppodinuooMrol
/ mambrana 1o block airfiow from roofl to parapet
v / f 7~ Fully adhered roof membrane

\ / / 7~ Two (2) layers insulation; joints
| staggered horizontally and vertically

Building Science Corporation
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— q-E-q.- wiu

/'WM

Fully adhered roof membrane
Two (2) fayers insulation; joints
staggerod horizontally and vertically

J
J
J
J

7~ Perimaeter of roof insulation wrapped in & control
membrane 10 block airflow from rool 1o parapet

ﬂ------

 stoel joist

O

Parapet flashing —

Fully-adhered water

control membrane

Building Science Corporation
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- Cant
f — Engineered wood blocking

' / — Fully adhered roof membrane
,/ ' ,- ~ Perimeter of roof insulation wrapped in air control
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Sensible Heat ~ 14.2 Jig/K | / Vapor

...............................................................................................

Latent Heat 2250 J/g
Energy

Sensible Heat 7142 Jigk 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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Figure 8-7. Outside vapour pressure, saturated vapour pressure
and inside vapour pressure for Winnipeg.
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Water Molecules
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Polar Molecule
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Size Matters




Vapor
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Heating
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Cooling Reheat
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0

relative humidity

Typical predicted sorption isotherm according to Kelvin equation

and modified BET theory
From Straube & Burnett, 2005
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Sorption isotherm for several building materials [Kumaran 2002]
From Straube & Burnett, 2005
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Moisture Content vs. Relative Humidity
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Water Vapor Permeance vs. Relative Humidity
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Water Vapor Permeance, US perms
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Water Vapor Permeance, US perms
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Water Vapor Permeance, US perms
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