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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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Zeroth Law — A=B and B=C therefore A=C
First Law - Conservation of Energy
Second Law - Entropy

Third Law — Absolute Zero
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2"d aw 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
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Subarctic/Arcticl
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High [T 40° - 60"
Moderate | | 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 >

Control layers >

Structure >

Building Science Corporation
Joseph Lstiburek 12



Slab

Wall

I

!

Roof
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« — Ballast

[ < Filter fabric
<— Control layers

< Roof structure
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<« Slab

<— Control layers
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Wall

Roof
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Parapet

Wall

Roof

Slab
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Parapet
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Parapet

| Roof

Window Wall

‘ Footing Slab

|
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Brick veneer/stone veneer ||i d
T
; : -
Drained cavity i |
Exterior rigid insulation — extruded =7 + I 4
polystyrene, expanded polystyrene, Vg ]
isocyanurate, rock wool, fiberglass ey
: 3 T
e e
Mer‘r:lbrane 1cnr trowel-on or spray ' 7 o % %
applied drainage plane, air barrier
and vapor retarder ] o
T Vi
Concrete block 7 { 3
] ]
Metal channel or wood furring ] B
Gypsum board =
. . q 1
Latex paint or vapor semi- *
permeable textured wall fiinish /| d
P /] d

Vapor Profile
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Brick veneer/stone veneer

L A

Drained cavity

Exterior rigid insulation — extruded coiw
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 i »
sheathing, plywood or oriented strand
board (OSB)

Uninsulated steel stud cavity >
Gypsum board e H
Latex paint or vapor semi- -

permeable textured wall fiinish

- e

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 ."f : -
applied drainage plane, air barrier
and vapor retarder

Non paper-faced exterior gypsum =7 *
sheathing, plywood or oriented strand
board (OSB)

Insulated wood stud cavity

Gypsum board - 7
Latex paint or vapor semi- . =
permeable textured wall fiinish 7 ,_-’|

« =

Vapor Profile
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5" lod-faced polyisocyanurate insulating
sheathing in three layers [1',°, 2°, 1'%,
extend outer edge of roof overhang; joints
staggered

Continuous fully-adhered air barmner
continuous with membrane over wall ||
sheathing \

";" phywood sheathing with H-clips
\ \ 5, plywood roof sheathing with He-clips;

attach fo rood framing using galvanized
wood screws (min. length 7'/,7)

\ \\ Fulty-adhered peel and stick roof

membrang

Asphall roof shingles

1" % 3'y" lookout raming at 247 o.c.
with two layers of insulating sheathing

Stainless steel drip edge
? 3" crown moulding
|[ / r lr| 5," x B" trim board
e _

117, LSL roof rafter , [ e pi
117" neted cellulose Insulation ——
"y gypsum wall board; painted with latex paint —|I ;" beadboard soffit
Bottom of ceiling joist If 1% x 87,7 frieze board
Conlinuaus nm board / Extend insutating sheathing on wall up
e | to phywood on underside of roof insulating
a” pywood wall sheathing sheathing: |oinis staggered and taped
Continuous fully-adheared air barmer membrane over - on outer layer
plywood sheathing
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Three 2 layars of rigid insulation
Continuous fully-adhered air barmier

continuous with membrane owver wall
gheathing

'L plywood sheathing with H-clips
*y phywood roof sheathing with H-clips;
\ attach 1o rool framing using gaklanized

wood screws (min. langth 7,7

|I Fully-adhered peel and stick roof
membrane

Asphalt roof shingles

2x8

2xb

iz Stainless steel drip edgs
— PO

117" LSL roof rafter -

117" netted cellulose insulation J
*y" gypsum wall board; painted with katex paint
Battom of cetling jolst I

l Callular PVC irim
Contiruous rim board ||I
;" plywood wall sheathing
Continuous fully-adhered air barmer mambrane aver 1x4 wood furring

plywaod sheathing
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Staniess _—
sieel drip edge

(over-lapped by
roo! membrana)

I crowm

;" plywood covered with continuous

Fiber cameant siding

1x4 furring sirip atlached to
wall framing

Twio layers of fod-laced polyiso-
cyanurale rigid insulation; joints
slaggered: joinls on outer layer taped

2x12 ledger board attached through
insulating sheathing to framing

e

fully-adhered air barrier membrana

246 ledger board attached
throwgh insulating sheathing
1o framing

]

madiding

&, x B tim
board

Beadboard
17 x 84, trim board

N 2x6 ledger board

Beadboard —/

;" trim board

Load bearing column

17 % 8%,” trim board 4/

Fibar camant siding

1xd furning strip attached 1o
wall framing
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. . s '1," plywood covered with continuous
' um wall board with latex —ms|.- - . z Plyw
p;iﬁl?m A fully-adhered air barrier membrane

Two layers of foil-faced polyisocyanurate
rigid insulation; joints staggered; joints on
outer layer taped

2x6 wall filled with cellulose insulation H—m— - (| |
2x6 wall bottom plate e

—]

[. .._'._.- .-.
b g —— Fiber cement siding

R . Liquid-applied
kS / B capillary break
ik LT
Mo 2l
i T 2¥4 treated plate
5 gyt
....-'..'.-..'-..:.'.-..' ) “‘-*‘ |
. o |+
- -
L]
/ : :
L ]
Open-cell spray . iy . o
foam insulation . Py

Grade

Foundaton wall

L

Dampproofing on -
foundation wall

\— Aluminum

coil stock
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Continuous fillet bead of urethane
sealant between 2" XPS bond break
and foundation wall

Continuous fillet bead of urethane
sealant between 2" XPS bond break

4—— Free-draining backfil

e

et AT

o) applied ontop of fooing

and concrete slab
2" XPS bond break
4" concrete slab with welded wire
mesh placed at mid-depth ater
& mil polyethylene vapor barrier : vel
2" XPS rigid foam slab .
insulation v B
Embedded hydronic tubing - it
e T s i e T perimeter
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Interior partition parallel
to wind transfers shear
load to floor diaphragm
and/or foundation

Forces from ceiling
diaphragm resisted
by exterior walls (and .
interior partitions )/

parallel to wind)

Wind forces
on windward
wall transferred [
to ceiling =
diaphragm i
we
Side walls transfer

shear forces to the
foundation
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Multiple Layers

Base Assembly Rigid Insulation Rigid Insulation + Furring Truss Wall'Offset Double Wall
> -
g -
< S
% e
I | | [ | | | I I
Fiberglass Cellulose SPF  Fiberglass Callulose SPF Fiberglass Cellulose SPF Fiberglass Cellulose Fiberglass Cellulose
| | | 1 f | ] 1
EPS XPS Fail- Stone I : I I Fiberglass Cellulose Fiberglass Cellulose
P’;‘;‘;‘;: i EPS XPS Foil- Stone
ekt Faced Woal
o Polyisa-
cyanurate
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Single top plate
2x6 stud wall @ 24" 0.¢c.
Taped and painted "

gypsum wall board as
interior finish

Fiberglass or cellulose
insulation in stud space

XPS insulating exterior
sheathing; 17 to 4" typical

Tape joints in XPS
sheathing

Furring strips

Cladding

Spray foam
insulation at rim
joist
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Single top plate
— 2%6 stud wall @ 24" o.c.

Taped and painted '/,"
gypsum wall board as
interior finish

Cellulose insulation in
wall cavity

0SB sheathing with
water control layer
facing; joints taped/
sealed

Mineral fiber insulation
boards

1x4 wood furring strips

Wood or fiber cement
siding

Pl T T N I

Cellulose
insulation at
rim joist

Capillary break

EPS insulation
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Steel studs

Taped and painted
2" gypsum wall
board as interior
finish

No cavity insulation

Gypsum board
sheathing; exterior
rated with joints
taped/sealed

Mineral fiber
insulation boards

Metal hat channel

Fiber cement
siding
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Single top plate
Vapor control layer as
per IRC

Fiberglass or cellulose
insulation in stud space

Exterior sheathin
2x6 stud wall & 24" 0.c. r ng

Liquid applied water control
layer

Drainage gap/channels/
grooves necessary between
drainage plane and EPS

3'-to-6" EPS insulation

Lo Glass mesh reinforced
(B lamina and synthetic
: 'I stucco finish

Nl

[

1 h

I

[

(s |

1

1 h

1 h

1 h

Taped and painted /5"
gypsum wall board as
interior finish

VT Y o e

-l - ==

Insulation at
rim joist

b i T
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Single top plate

Taped and painted /2"

gf:l,tm board on inside
of stud

2%6 @ 24" o.c. advanced

framing

Remaining cavity filled with
3" fiberglass or cellulose
insulation

2" high densily spray foam
(SPF) (2.0 against
exterior sheathing

0SB or plywood exterior
sheathing

Housewrap

Furring strips

Cladding

Spray foam
insulation at rim
joist
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Single top plate

Taped and painted
2" gypsum board on
inside face of stud

2%6 stud wall@ 24" o.c.

5" high density spra
foam (SPF) (2.0
against exterior sheating

0SB or plywood
sheathing

Housewrap

Furring strips

Cladding

Spray foam rim
joist insulation
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Single top plate ;" plywood connecting interior and exterior walls

2x4 structural stud wall

at 24" o.c. 2x3 frame wall
Latex paint on '/." gypsum L fi
e 2" fiberboard,

plywood, OSB
or gypsum
sheathing

Building paper,
housewrap or

3'/;" cellulose insulation building wrap

Furring strips

'/," plywood or OSB
with joints taped

4'/;" space between
sheathing and offset
framing e

Cladding

Cellulose
insulation at
rim joist

Cellulose cavity insulation
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Single top plate

Plywood cavity
closure at top of

assembly
e et o
" Qypsum )
as interior finish \ 2x3 exterior truss
4,
2x6 interior framing
member @ 24" o.¢. \

Cellulose
insulation in

Plywood/OSB sheathing; — gl

joints taped/sealed
FlywoodfOS8
sheathing
Housewrap

Furring strips

Cladding

Cellulose
insulation at
fim joist

Capillary break ——
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2x3 interior wall

Plywood cavity closure at top of assembly

Single top plate
Taped and painted
2" gypsum wall )
b;ard as interior finish 513;4 :ﬂam«r wall @

Cellulose insulation
in 2x3 interior wall
stud spaces

3" high density spray

foam [SPF)(2.0 pci)
against exterior sheathing

Plywood or OSB
sheathing

Cellulose insulation
in gap between framing Housewrap

Furring strips

Cladding

*-—-_-_:-.-._- - -

6" high density spray
foam (SPF)(2.0 pef) on
inside of rim joist
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Single top plate
2x3 exterior framing
member

Ta,]ued and painted
;" gypsum wall board
as interior finish
Substrate to support
spray foam
2x6 @ 24" o.c. interior
framing —\
445" h'rgh density spray
foam (SPF)(2.0 pef)
Fiberglass or cellulose ———
insulation in interior
stud cavity
Cladding
Spray foam
insulation at rim
joist
Closure board

Minimum ';” drainage and ventilation
gap between closure board and cladding
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Taped and painted /2" OSB exterior
gypsum wall board as /7 panel
interior finish

/ HiER

OSB interior panel

Furring strips

EPS insulation
core

Cladding

Spray foam rim
joist insulation
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Cast-in-place concrete
core

ICF inner and outer
faces (typically EPS)

Taped and painted
/" gypsum board ax
interior finish

/ Furring strips

"

Cladding
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