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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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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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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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Moisture Flow Is From Warm To Cold
Moisture Flow Is From More To Less

Thermal Gradient — Thermal Diffusion
Concentration Gradient — Molecular Diffusion

Vapor Diffusion
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Thermodynamic Potential

Building Science Corporation
Joseph Lstiburek 13



145

TP PP T ) ay hap Byl Junuog o
YA N Vi e
FANAW RV Er=s il
VILTAN AV BYAW STV,
b I Vi ] E
A AN \\ﬁhﬁmmu
7 I IR 7 A77t
T rEV A VI A
__m_x_a__ﬁk _H.m a
N7 rll il ...m“......._l
=7k
F Lk
xu\w”
rara
A=k
vl AW}
[ q_— ._q_. E
A
7 x:ﬁx
LIk
AWV
H_xx. :
.,_:\:__u”!
i rk e
a}xxmr\\u.
etk
e
MALE
J LA I
a“._.ﬂ_‘\, i
ﬁﬁ
m“_ﬂmwh m
/s
PV -
T gfu.? & Mx‘.‘_‘._u___.
R 0 fﬂ_ @ \ x.‘f..__.f\ . Iy
=L w AN ST £
2L RO
SF & a ) A
(R * KOO
R wi WH ] o x m_ w.__ Hmr
e o o2 2 2 AOA RS R
= w e £ < YIOMAR
= Z oW \\ AN E
237t E% )/ ) o KA A
m M W “ £ \/\E ._.m.__.___
R )ity
o LI
—— = / .H.n A
(7] ..._._._m.. Iy AN L
(= I n.u ..__...\.\.__._._. ._____‘_____._H. L__.__.“ "
[ { S ! T
r L2
P
Br.

Cat, Mo, T.002  Printed in US.A

Copyvight ©Camiar Corporation 197%

Vohume m3ky Dry Rir

Eedow 0°C Properties and Enthalpy Deviation Lines Are For loa

Building Science Corporation

Joseph Lstiburek 14



Subarctic/Arctic
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Map of DOE's Propused Climate Zones

Molst (A) -
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Water Control Layer
Air Control Layer
Vapor Control Layer
Thermal Control Layer
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Cladding >

Control layers >

Structure - >
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1l 1

Slab

Wall

Il

J1

Roof
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«  Ballast

Filter fabric
- Control layers

0 o OCéO 0 Q(éo Q
N nd) Cbo ZONATON ndb y %mﬁof\ TN 0<§) Cb

- DG <Y

%

<
<

< Roof structure

Building Science Corporation
Joseph Lstiburek 24



< Slab

< Control layers

SRR RIS «—— Stones
< Earth
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Wall




Wall

Roof

Building Science Corporation

Joseph Lstiburek 28



Roof

Wall

Slab
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Parapet

Roof

1|

Wall

Slab
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Parapet

|

Wall

Footing

Roof

Slab
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Parapet

Roof

Window Wall

Footing Slab
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<—— (Control layer

<—— Control layer
<— Roof structure
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! Parapet [_
I Roof
= Wall
Footing Slab
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Configurations of the Perfect Wall
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Brick veneer/stone veneer —J &

Drained cavity

N
I

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

AEANEAN
Ne NN

]

Membrane or trowel-on or spray
applied drainage plane, air barrier

'
SAN
L

and vapor retarder
2
Concrete block { i
% %
Metal channel or wood furring e

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

NN PN
R
¥

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 e
applied drainage plane, air barrier -
and vapor retarder

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

Uninsulated steel stud cavity - >

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 ANl
applied drainage plane, air barrier Y,
and vapor retarder

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

Insulated wood stud cavity

Gypsum board

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

- | -

Vapor Profile
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Commercial Enclosure: Simple Layers

e Structure
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Upturned leg

—— Base sloped
to exterior

V4 Drip edge
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Rain enters cup b
due to momentum

("kinetic energy”) Y \
9

9
9

P

6 Cup drains water
to exterior
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Rain enters cup Q
due to momentum
("kinetic energy”)

Entire wind
Wind enters cup— » # « pressure
pressurizing cup; b taken here
no rain entry due
to wind driven rain

o

C Cup can still drain
water to exterior
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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; /
no rain entry due C

to wind driven rain

A

& Cup can still drain
o water to exterior
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Insulating Xy

glass unit \
Seal (tape)

Seal (gasket)—\

Setting block
(typically two
per unit)

Hole providing .

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

Interior air seal

Beveled wood
siding
Adhesive -backed
sill flashing

Housewrap

Sheathing
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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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Sealant
backer rod

/ Inner seal

«——— Wind pressurizes
=+ chamber between

|| - innerand outer

/.‘ _seal

Sealant / \ Outer seal

backer rod

Vent tube
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Sealant
backer rod

/ Inner seal

i— Pressure - -
+  chamber -

Baffle
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Inner, protected seal = Outer, exposed
seal

Drain and vent
opening
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Drainage opening




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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Don’t Do Stupid Things
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“The Ugly”

“The Bad”

SNNSNNNN) 2izpissiaia 2]

“The Good”

Building Science Corporation

Joseph Lstiburek 155



Building Science Corporation

Joseph Lstiburek 156



Building Science Corporation
Joseph Lstiburek 157



Building Science Corporation
Joseph Lstiburek 158



Building Science Corporation
Joseph Lstiburek 159



WEDGE 5HIMS INSERTED BEHIND/FRONT OF
ANGLE TO ENSURE DIRECT BEARING ON
BRACKET AND PRCWIDE LEVEL (IF NECESSARY)

FAST™
BRACKET

ANCHOHR BOLT
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Thermal break ——

Pressure plate

Snap cap

Insulation - |
Vbt et “Seat” in concrete
Exposed metal = siab
flashing '
Fully-adhered
membrane flashing
~ High density EPS
thermal break
Fiberglass anti-
rotation spacer N\ e
: i
Stainless steel
¥
AV
AMAMAMAMAAAMAAMAMAA
Sealant
Gasket
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Roof insulation ———

Insulation wind baffle
2" minimum space —

Water protection

~

o

/

——— s 3

Continuous
soffit vent —

Vinyl or

aluminum siding ——————>

Rigid insulation
(taped or sealed joints) -

Unfaced cavity insulation,
cellulose or low-density
spray-applied foam

v

—
=—"_\}

|

m
- A‘ AANY.,

W'
‘L‘.A

y
AN

()

|

I

| ——f

AV

—

2
\!

),

membrane — A=
\ =
/

—

T

—

}

Continuous ridge
ventilation -
— /'

—

=

——"  Attic ventilation

AN AN A A A A

t— Gypsum board with vapor
semi-permeable (latex) paint

— Consider increasing depth of
insulation by using deeper
trusses or oversized (longer)
trusses

— Caulking or sealant

Gypsum board with permeable
(latex) paint
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Leaky air handling unit
and supply ducts

Air handling
unit

?

Supply Return Supply

© 8 a6

Depressurized conditioned space
inducing infiltration

- r_L 'J_-' _:

Note: Colored shading depicts the building's thermal barrier and pressure boundary.
The thermal barrier and pressure boundary enclose the conditioned space.

(O]

(D)
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/ l
Thin ice slab /,-//
under snow
Melt water i —
running under - >
thin ice slab Snow 4/,4'
~~<<—— Melt water running
Ice — down underside
> 2 of sheathing
/"/ -~ -
Ice dam
Icicles =
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Air handling
unit

f

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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Roof membrane

—— Fiberboard hygric buffer

Rigid insulation

Yy

TN T N[ S

Air barrier membrane ———

Gypsum sheathing

Fluted steel deck
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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

Building Science Corporation
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Roof sheathing
Roofing paper

. o , Shingles
Minimum R-50 rigid insulation \
in two or more layers with horizontal >

and vertical joints staggered

Roof sheathing

Roofing membrane

Vented space

v Air barrier
257 membrane
77
— Wood decking

Timber rafter or
exposed joist

Building Science Corporation
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Roofing tile

Roofing paper

Netted cellulose insulation or batt insulation

installed with wire stays or twine

Roof sheathing

Stucco

Underside of roof
sheathing is typically

= the “first” condensing

surface

Rigid insulation

Building paper
drainage plane

I

— Unfaced batt insulation

~<—— Gypsum board with vapor

semi-permeable (latex) paint

Building Science Corporation
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Building Science Corporation

Gypsum board with saos-permeabla (latex) paint
- Sealant, adhesive o gasket a1 1op plate

= 2X624" 0.c. acdvanced framing

Cansliing or sealant

Sl gasket acts as capillary beaak

i/ / Gypsum board caulied, glued or gasketed to

/ bottom plate; hed up from slab

Soil gas stack vented through
flashed root penetration
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18" wide membrane strip
under parapet folded

Metal cap down over exterior _Qér?\%rrﬁre
rigid insulation (membrane
Coping wedge roofing in very
OSB cold and cold
OSB sheathing Rubber roofing climates; house-
Scupper < membrane wraps, building
i Rigid insulation paper in all
] other climates)
|
L e e e e o ™ s
Sealant =~ M T T T 77770 R (T (T[T
Rigid insulation \ Ao n LAl N
OSB ' g SANANANANAYZ 4P« ANANAN) LI

Cavity insulation

I\I |
PH H\ [

\ |

P v v vy | [ V1V

(VA VA VI V I VA
X M R

I\ \ |
W

4
-~

i

P
\
P
\
1
\
~
\
—
\
/-1
\
—
\
e
\
&
Ny

e

|
|
!
Sealant :
|
Polymer modified (PM) —»
or traditional cement l
stucco E
Metal lath B
|
Building paper bond —

break over drainage
plane

. Il

WY

-

o

il

i

L,

Gypsum board with semi-
permeable (latex) paint

Sealant, adhesive or gasket at
top plate

1/4" cant/ft

Cavity insulation
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OSB sheathing

Scupper 7
Two layers OSB

Metal cap

18" wide membrane strip under
parapet folded down over exterior
OSB

Coping wedge
OSB

Rubber roofing
membrane _\

High density spray
foam insulation

Polymer modified (PM) or —»
traditional cement stucco

Metal lath

Building paper bond break

over drainage plane

L Gypsum board with semi-

T St —— [ ———————————

—— Cavity insulation

permeable (latex) paint

1/4" cant/ft

Sealant, adhesive or gasket at
top plate

Caulking or sealant
Cavity insulation

Building Science Corporation
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Map of DOE's Propused Climate Zones

Dry (B)
Marine (C)
of Alaska in Zone 7
oxn.oﬂovm%blovmg
inZone B
Bethel Northwest Arctic
!F)clng - Southeast Falrbanks
North Siope v v

%

Moist (A)

i
i

3
2

v

Warm-Humid
Below White Line

March 24, 2003
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Low density spray foam insulation

Asphalt shingles

Roofing paper

Roof sheathing

Raised heel truss

Rigid foam, or comparable,
as backdam

Soffit 25 ST Non-occupiable
/ LR T space
Roof underlayment </ - ==
sealed to drip edge / R b
3 R

LGypsum board with latex paint
(acts as thermal barrier separating
occupiable space from non-occupiable
space)

=
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Leaky supply
ducts

Leaky ceiling

Air
handling
unit

ITI

Return
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Roof membrane

Coverboard

Thermal insulation

/L

v

¥

T e

Sheathing

Metal deck

Building Science Corporation
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Ballast (rock, pavers, earth)

Filter fabric

Extruded polystyrene
insulation

Sloped concrete topping; slope
minimum 2% to drains

Concrete structural deck

Drainage gap, i.e., drainage mat
or grooved insulation

Fully-adhered roof membrane

Building Science Corporation
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Really Heavy

" PinkﬁSt :

Liquid Waterproofing
over ConcreteDe

- !:l‘..-.__ - - .\'
g : 2
Fl - - E " -'-'-‘:h'
Tl L .
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Concrete
curb or paver

: Gravel
Planting
medium Drainage
space
Filter fabric
Root barrier
Sloped
concrete
topping s . -
- S —— —— Water retention
Concrete SRS - : N e - N layer/vent and
structural 2 5 : —— SN FRTA drainage layer
FatuA s mar it ra e Bt @ e N2 Insulation

S < A 4 a 4 o o a
L'y - by <
.A A <+ A A <. A A < - A 4] < - Dfainage
> SNSENDES N I space
Roof membrane

(water control layer/
drainage plane)
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Shingles

Roofing paper

Roof Sheathing

Rigid Insulation

Roof Sheathing

Air barrier membrane //

Rafter/Truss
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Shingles

Roofing paper

Roof Sheathing

Air impermeable insulation
(aka spray polyurethane foam) /
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Shingles

Roofing paper

Roof Sheathing

Rigid Insulation

Air control layer (air barrier)

Roof Sheathing

Air permeable insulation

(hberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass)
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Shingles

Roofing paper

Roof Sheathing

Air impermeable insulation
(aka spray polyurethane foam)

Air permeable insulation

(Aberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass)
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Shingles ~

Roofing paper ST
. \
Roof Sheathin ~
g \\\ \ \

Airimpermeable insulation
("closed cell" spray polyurethanefom 2 ol

Air permeable insulation
("open cell” spray polyurethane foam)
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Ratio of Rigid
Board
Insulation or
e e
Tone [\mpermestie nsulation Insulation  R-Value to
Insulation —_—
Insulation R
Value
R25 R13 R15S 15%
4«
R-3.75 R-20 R-2375 15%
RS RA3 RIS 0%
5
R75 R-20 R275 30%
RS R13 R-205 L
6
R1125 R-20 R-31.25 )
R0 RA3 R23 asw
7
RS R-20 R3S asw
RS R13 R23 So%
8
R20 R20 R40 S0

*Adapted froe Tatle R 702.1 2015 intermational Residential Code




~—— Gypsum board

Air permeable cavity
insulation

Plywood/OSB sheathing

Air barrier membrane

Rigid insulation

Cladding
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Cladding

Furring

Rigid Insulation

Air Control Layer (air barrier)

Sheathing

AR

Air permeable insulation
(fiberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass)

Y
AN

A

AN

Y

Gypsum board

0

Building Science Corporation
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Cladding

\d

Furring

Water Control Layer

Sheathing

Air impermeable insulation
("closed cell” spray polyurethane foam)

\4

Air permeable insulation
(fiberglass batts, netted blown
cellulose, netted blown fiberglass,
spray applied fiberglass,

stone wool / mineral wool batts)

Gypsum board

Building Science Corporation
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Insulation for Condensation Control*

Ratio of Rigid
Board Insulation
Code or Alr
o Required Impermeable R-
Zone Impermeable
R-Value  Value to Total
Insulation
Insulation R-
Value
123 RS R-38 10%
4ac R-10 R-49 20%
4A 4B R-15 R-49 30%
5 R-20 R-49 40%
6 R-25 R-49 50%
7 R-30 R-49 60%
8 R-35 R49 70%

*Adapted from Table R 806.5 2015 International Residential Code

Table 1






