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Adventures In Building Science



Rain Screen




Drain the Rain on the Plane
If You Want to Save Cash...Flash
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DOWN

Upturned leg

Base sloped
to exterior

Drip edge
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Commercial Enclosure: Simple Layers

Structure
Rain/Air/Vapor

Insulation
* Finish
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Rain enters cup b
due to momentum

(lineticenergy) N \

9

P

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

'\

Entire wind
Wind enters cup— » * « pressure
pressurlzmg cup; taken here
no rain entry due

to wind driven rain b

“

0 Cup can still drain
water to exterior

)

A
o
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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

< pressure

taken here

Momentum driving force
converted to gravity—
water drains away

Wind enters cup— »
pressurizing cup; [!:,%:f:’/’/’/l
no rain entry due

to wind driven rain

A
09

C Cup can still drain
& water to exterior
v
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Insulating
glass unit %,
Seal (tape)

Seal (gasket)

Setting block
(typically two
per unit)
Jalnbeib il

Hole providing !_ ______ N

drainage and

pressurization ﬁ Frame

———1 | e
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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
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Pressure
moderated
chamber

Interior air seal

Beveled wood
siding

Adhesive -backed

sill flashing

Housewrap

Sheathing
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Flashing tape

Sealant “bedding”
joint

Intent of sealant is to
limit this lateral flow of
water between
sheathing and
building wrap

Building wrap
“wrapped” into
opening
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Sealant
backer rod

/ Inner seal

y o “Wind pressurlzes
AR B T chamber between -
L - < inner and outer

I T /‘-‘ . seal . -
Sealant —/ \ Outer seal

backer rod Vent tube
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Sealant
backer rod

/ Inner seal

<
i

- - Pressure

Baffle

Building Science Corporation
Joseph Lstiburek 94



Outer, exposed
seal

Inner, protected seal >

Drain and vent
opening
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Sealant

Backer
rod

N
B

NN

Drainage space

Backer rod

Exterior face of
cladding

—— Drainage opening
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Open Joints vs Closed Joints
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Open Joints vs Closed Joints
Limits of Pressure Equalization
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Pressure Equalization Needs to be Perfect

Pressure Equalization Reduces Drying

Prevention of Wetting Is Not As Important As
Drying

Assume Things Get Wet...Design Them to Dry

Ventilated Claddings Promote Drying
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Capillarity




William Thomson
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William Thomson — Lord Kelvin
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Kelvin Equation

p  29Vn
In — =

Po rRT
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Calculating capillary rise

7 ambient
pressure
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Capillary rise versus diameter

100
90
80
70
60
50

40

capillary rise [inch]

30

20
0

000 001 002 003 004 005 006 007 008 009 0.10
diameter [inch]

Building Science Corporation



-]

1 1 !IIiIIi

N T

I WA BT

I 1 hll!lli

(NN

1 I WAt | Lo oa sl Lis sl [ T IRt | L
T T

| | T T
0.00001 0.0001 0.001 0.01

Radius, mm

Surface area vs. particle size
From Straube & Burnett, 2005

1000

100

10

Surface Area
per cc, m?

0.1

0.01

0.001

0.0001

Building Science Corporation

Joseph Lstiburek 111



-
Figure Ic. G 'L;J--.J:r.ul hvdrated from plaster of _;:l.;u i .:u:-:.f 0 ...m, ",
prorasity M) per cent

Figure HJ- Brick. sintered clay. porosity 40 prer cent.,
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Concrete slab

- e

|.. . ; ;
i‘é’}% Polyethylene
G, A ) :
‘I:;.__,*,f?!_,,_[ | i vapor barrier
Szeasa e Granular
capillary break
and drainage
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Capillary break under
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Siding Laps
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WATER FILM DRAWS UP
BETWEEN LAPS OF
SIDING BY CAPILLARY

FILM OF WATER ON
SURFACE OF SIDING
SUCTION

BUILDING PAPER
SHEATHING
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Plywood/OSB
sheathing

Water control
layer

3/g” spacer strip
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Kelvin Equation Again....

p  29Vn
In — =

Po rRT
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Solid it »  Liquid

(ice) - Freeze (water)

Frost Condense

Sublime Evaporate

Gas
(vapor)

Adsorb Desorb

Adsorbed
(surface
layers)
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Monolayers of
adsorbed water
increase with
increasing RH
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Monolayers
flow along surface
following concentration gradient
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Curvature
("meniscus”)
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The Myth of the Dew Point
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Outside Inside

TO'F

\ Dewpoint

(50% RH, 70°F)

9

Location of
condensation
and frost

Exterior —>r
sheathing

ARSI

l
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Energy

Sensible Heat 14.2 JIg/K |7

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

Vapor

Latent Heat

Sensible Heat 7142 Jiglk  Liquid

Latent Heat 333 J/g
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2.1 Jig/lK

Solid

0 273

Vd

|
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 ” Dew point temp.
N v / at 50% R.H., 70°F
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The inside face of the
insulating sheathing is
the condensing surface
of interest

A

h

Wood-based siding

R-7.5 rigid insulation

R-13 cavity insulation in wood

frame wall

Gypsum board with any paint or
wall covering
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VAPOUR PRESSURE KILOPASCALS
o N

Figure 8-7. Outside vapour pressure, saturated vapour pressure
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Insulation for Condensation Control*

Ratio of Rigid
Board
Insulation or
Rigid Board _
Total | Total Wall Air
Climate or Air
Cavity | Assembly Impermeable
Zone |Impermeable N
| Insulation | Insulation | R-Value to
Insulation
Total
Insulation R-
Value
R-2.5 R13 R15.5 15%
4c
R-3.75 R-20 R-23.75 15%
RS RI3 | R18 30%
-
R-7.5 R-20 R-27.5 30%
R7.5 R-13 R-20.5 35%
5
R-11.25 R-20 R-31.25 35%
R10 R13 R-28 45%
7
R-15 R-20 R-35 455
R-15 R-13 R-28 50%
2
R-20 R-20 R-40 50%

*Adapted from Table R 702.1 2015 International Residential Code




Cladding

Furring

Rigid Insulation
Air Control Layer (air barrier)

Sheathing

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

A

Gypsum board

(Y
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Cladding

¥

Furring

Water Control Layer

Sheathing

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

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

stone wool / mineral wool batts )

v

Gypsum board
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~<—— Gypsum board

Air permeable cavity
insulation

Plywood/OSB sheathing

Air barrier membrane

Rigid insulation

Cladding
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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) y P
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Shingles

Roofing paper

Roof Sheathing

Rigid Insulation

Air control layer (air barrier)

Roof Sheathing

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

Roofing paper — e
~ e
Roof Sheathing - ~
' _h-%.'- . _.H...h e
Air impermeable insulation : T -

(“closed cell” spray polyurethane foam) e S

,

Air permeable insulation
("open cell” spray polyurethane foam)
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Insulation for Condensation Control*

Ratio of Rigid
Board Insulation
Rigid Board
_ Code or Air
Climate or Air
Required Impermeable R-
Zone Impermeable
R-Value Value to Total
Insulation
Insulation R-
Value
1,23 R-5 R-38 10%
4c R-10 R-49 20%
4p, 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 R-49 70%

*Adapted from Table R 806.5 2015 International Residential Code

Table 1




18" wide membrane strip
under parapet folded

Metal cap down over exterior _fn‘l;r?grr ;re

rigid insulation (membrane

Coping wedge roofing in very

OSB cold and cold
OSB sheathing Rubber roofing climates; house-
Scupper X I membrane Wéag?,ir?glifjmg

ut Rigid insulation paper In
_ other climates)
| e . Yiouy 5 B - 20"

Sealant e = e e s e e
Rigid insulation L A nnohnn
OSB o 'IHHHHHH 0 T Y i1
Cavity insulation ! .
Sealant "‘%

Polymer modified (PM) —{|t

or traditional cement
stucco

Metal lath

Gypsum board with semi- =
permeable (latex) paint

Sealant, adhesive or gasket at

break over drainage
plane

top plate

Cavity insulation
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Metal cap

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

Coping wedge
OSB

OSB sheathing
Rubber roofing
.l membrane
Scupper 7
Two layers OSB
High density spray

foam insulation

Gypsum board with semi-
permeable (latex) paint

—— Cauvity insulation

Sealant, adhesive or gasket at
top plate

Caulking or sealant
Cavity insulation

Polymer modified (PM) or —»
traditional cement stucco

Metal lath

Building paper bond break
over drainage plane

e -
; 5 ]
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Modeling and Other Lies
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Heat
Air
Moisture
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HAM




Hygrothermal Analysis
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Solar radiation #
Rain > |

Heat exchange ' . Heat exchange
with outdoors ‘ ' with indoors
Vapor exchange ' . ' . Vapor exchange
with outdoors with indoors

X
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Solid it »  Liquid

(ice) - Freeze (water)

Frost Condense

Sublime Evaporate

Gas
(vapor)

Adsorb Desorb

Adsorbed
(surface
layers)
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Moisture Transport in Porous Media

Phase Transport Process Driving Potential
Vapor Diffusion Vapor Concentration
" Adsorbate Surface Diffusion ~ Concentration
 Liquia Capillary Fow ~ Suction Pressure
Osmosis Solute Concentration
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Rain and Airflow Missing
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Moisture Transport in Assemblies

Phase Transport Process Driving Potential
Vapor Diffusion Vapor Concentration
Convective Flow Air Pressure
Adsorbate Surface Diffusion Concentration
Liquid Capillary Flow Suction Pressure
Osmosis Solute Concentration
Gravitational Flow Height
Surface Tension Surface Energy
Momentum Kinetic Energy
Convective Flow Air Pressure
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Rain




Cavit
el 4 ~
Water 5
filrm - o Water -
e film
& s
o #—
s
& 2
Capillary suction draws Cavity acts as capillary
water into porous material break and receptor for
and tiny cracks capillary water interrupting flow
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Rain droplets can be
carried through a wall
by their own momentum

e -

Rain entry by momentum
can be prevented by designing
wall systems with no straight
through cpenings

Building Science Corporation

Joseph Lstiburek 169



F o
Water i
ﬁ .
o filrm g5
2 HEH £
Pl E Pl
P £
S 2
o £
£ 2
Rainwater can flow around FProviding a kerf or drip
a surface as a result of edge will promote the
surface tension formation of a water

droplet and interrupt flow
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L~ M
$Z 4 .
J Flashing 1
= with drip P
edge -
e \ L
M s
>kl4 L 1
F. =
& t# l l : p =
“ o * = &
= 43
Rainwater can flow down Flashings direct gravity
surfaces and enter through flow rainwater back toward
openings and cavities the exterior
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Exterior air Cavity air Interior air Exterior air Cavity air Interior air

praessure pressure pressure pressure pressure pressure
(Pe) (P:) (Pp (Pe) (P¢) (Pp
it i Fai
§ = i g
2 N~ 7
[ f’ .{ i [ Y
/{/{,— - / 4 e — - -
P L]
q- / - ?I-:?' # - Fiy,.
= ] l
Pe > Pc > Pj lpe=Pc3"Pi
Driven by air pressure differences, By creating pressure equalization
rain droplets are drawn through or pressure moderation
wall openings from the exterior between the exterior and cavity air,
to the interior air pressure is diminished as a

driving force for rain entry
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All We Have To Figure Out Is How Much Hits
The Wall
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All We Have To Figure Out Is How Much Hits
The Wall

We Need Straube and Kuenzel

Building Science Corporation
Joseph Lstiburek 174



Building Science Corporation
Joseph Lstiburek 175



Straube and Kuenzel help us determine how
much rain water gets to the wall...we more
or less guess.

We assume 30% bounces off.

The 70% that stays on the wall is addressed
by liquid conductivity (capillary flow) and
vapor diffusion.

We further assume 1% penetrates the
cladding.

And then assume that 1% of the 1% gets
past the water control layer.
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Rain penetrating water
control layer

Rainﬂ::;edr;?::ting / \
) 71}

o w—p |

— ]

\

/Al

ubRain ) ‘
ounce // '
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Solar vapor
drive
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Airflow




Airflow is 3-Dimensional...

Buildings are Complex 3-Dimensional Multi-
Layer Airflow Networks...

You Can’t Model a 3-Dimensional Transport
Mechanism with a 1-Dimensional Model...

Unless you make things up....

Building Science Corporation
Joseph Lstiburek 180



Building Science Corporation
Joseph Lstiburek 181



Building Science Corporation
Joseph Lstiburek 182



J
=

.

=
=
—

NN N ININININN
e
o

—-—
’.
-5

Cladding b

ventilation
J L

Outer lining Inner lining
leakage leakage

3

i—
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'y

SIS IS

Cladding
ventilation /

Insulating sheathing
leakage

o

Inner lining
QOuter lining leakage
leakage
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Cladding Ventilation/ Sheathing Ventilation

Wood Siding

Vinyl Siding

Brick Veneer

Stucco (vented)

Stucco (direct applied)
Sheathing flanking flow

Flow Rate
0.1 cfm/sf
0.5 cfm/sf
0.15 cfm/sf
0.1 cfm/sf
none

0.05 cfm/sf

Gap
3/16”
3/16”
17
3/8”
none
3/16”

ACH
20
200
10
10

10

Building Science Corporation
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O
Brick veneer I o

Air space

ﬁ ,

O

—

Building paper

Gypsum sheathing

——

«——— Interior gypsum board

O,

Metal studs are perforated
permitting air to be drawn
through wall cavity

Q

©

X

Fiberglass cavity
insulation

NN

\7 Interconnected hollow wall
cavity constructed from metal
studs with punched openings
acting as an air duct

Interior spaces are at a positive
pressure relative to the exterior

Building Science Corporation
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Hygrothermal Analysis

You Can Get Any Answer You Want Based
On Your Assumptions....

This is Not Good....But is Often Profitable or
Dangerous or Both...
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Roofs and Ice Dams
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Winter Summer

Sun

Air Temperature Air Temperature
-22 1o 50°F 50 to 104°F
(-30 to 10°C) (10 to 40°C)
Rain
J" 4
’ ’
s ¥ ¥ o
4
¥ ¢ v ¥ 9
¥ o o ¥

I
’
’
| € & ) ) ¢ g
Roof : Roof ‘l ! ’ ,' ’
Temperature | Temperature £ _ 4 ’ ,’
-40°F i 194°F ¢y
(-40°C) | (90°C) | 4 Water
I
R Temperature | Temperature
68-77°F (20-25°C) |  68-77°F (20 - 25°C)
I
Vapor |
I
Heat |
Coolin
Loss Air | . Air
Leakage " Leakage

Adapted from Baker, M.; Roofs, 1980;
Courtesy National Research Council of Canada
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70 158

60 ./— Membrane 140

50 122

40 104

30 r+— Outside air 86
<) - ()
f = -_— e
= =
® 10 % 50 ®
@ 0]
o o
= 0 32 E
= =

-10 14

-20 -4

-30 -22

0 4 8 12 16 20 24

Hours of a summer day

From Baker, M.; Roofs, 1980
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70 158

60 140
50 122
40 104
30 86
3 T
‘-é' 20 68 ®
= Memb =
E f_ embobrane 50 E
1) L
o o
= \A_.‘ 32 E
= sl T i =
[ - - 14

Qutside air

30 =22
0] < 8 12 16 20 24

Hours of a winter day
From Baker, M.; Roofs, 1980
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Insulation moved because of
poor adhesion to deck and
between layers

Top four courses
of brick and wood
blocking pulled
inward by
contracting
membrane

Adapted from Baker, M.; Roofs, 1980;
Courtesy National Research Council of Canada
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Parapet flashing —
Fully-adhered water \ Tapered rigid

control membrane insulation
Cant
=~ | / Wood blocking
: // Perimeter of roof insulation wrapped in air control
Air control layer AT i
trafisition membrane membrane to block airflow from roof to parapet
Fiberglass batt W/A Fully adhered roof membrane
insulation }///// / Two (2) layers insulation; joints
Wiier, &ifand vapor ;’//// - N\ staggered horizontally and vertically
control membrane; //////{/ s— ;
preferably fully-adhered 77727 J I
Peel and stick %/’ |
transition membrane; - /
air and water control e

\\ Mistal deoi \— Air controi membrane
Light gauge steel framing
(installed slightly proud
of I-beam) \
|
Peel and stick

transition membrane; )//'/ /S \— Open web steel joist
air and water control o /4 T

Deflection track allows space
for sheathing to move

Fiberglass batt
insulation

Backer rod fills gap

N

Water, air and vapor — 4444,
control membrane; _ :
preferably fully-adhered F;;;/ I
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Roof membrane

Coverboard

Thermal insulation

=
¥

N S

Sheathing

Metal deck
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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
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= Reai'ly Heavy
" Pink-Stuff_.==

Liquid Waterproofing

over Concrete De
S Dego
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Concrete
curb or paver

. Gravel
Planting
medium Drainage
space
Filter fabric
Root barrier
Sloped
concrete
topping
Water retention
Concrete layer/vent and
structural drainage layer
deck
Insulation
b - o Drainage
a ET e - space

Roof membrane
(water control layer/
drainage plane)
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“ B
Wind across the corner of a roof - ,‘?92.000
produces a vortex spreading along .y eﬁ.‘l\'ge.ﬂ-‘
edges from the windward corner g,a\“ o\
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High parapet

a+
\< Adapted from Leutheusser, H.J.; 1964;
Courtesy University of Toronto
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L 8aPodde (8o
Open Cladding - »
Wall control layers -

— Roof control layers
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Roof insulation

Continuous ridge
Insulation wind baffle ventilation

2" minimum space

Y

Attic ventilation

I

Water protection
membrane

- IV ‘ :-‘.- t
Gypsum board with vapor
‘ ? semi-permeable (latex) paint
Coflfj:muo;.n » < ] Consider increasing depth of
SQlHtven e insulation by using deeper
ik trusses or oversized (longer)
V|ny] or .‘ trusses
aluminum siding g o Caulking or sealant
< )
Rigid insulation )= Gypsum board with permeable
(taped or sealed joints) = (latex) paint

Unfaced cavity insulation,
cellulose or low-density
spray-applied foam
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— Relative |
' Humidity

Relative
Humidity

Vapor
Pressure

Vapor —
Pressure

Night Day Night
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Leaky air handling unit
and supply ducts

Air handling
~ unit

1 4

Supply Return Supply

@ @ g

Depressurized conditioned space
inducing infiltration

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

(O]
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Thin ice slab
under snow

Melt water
running under
thin ice slab

Melt water running

- @

T

W
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Warm air is
trapped by
overhang

Cladding
warms air
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Air handling
unit

i
14

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

wm

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) 7 A

screwed through rigid insulation i
to wood decking or timber rafters 257
Air barrier membrane /
== .-
ol Wood decking

Timber rafter or exposed joist
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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
-
P Air barrier
> = membrane
= Wood decking

Timber rafter or
exposed joist

Building Science Corporation
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Roof sheathing

Roofing membrane

Shingles

Roofing paper ]
AV

Roof sheathing : ﬁﬁﬁ“”

Vented space

>/Spray foam

air seal

Vented

fascia ] Timber rafter l

or exposed joist
— Wood decking

— Air barrier membrane

T i i e i g

W

AN e e % g A N M v N s s e N

e e =

0

— R-60 rigid insulation (horizontal
and vertical joints staggered)
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Cold air falls toward
bottom of joint

Rising air cools and
vapor condenses on
underside of top layer

Warm air rises toward
cold side of SIP

Air returns to interior
through accidental opening

Accidental opening on
inside of joint allows warm
moist air to enter
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structural insulated panel

area prone to moisture
damage

movement of air and
moisture in panel joint
towards roof peak

open joint
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UPPER OSB

UPPER SPLINE

LoweER OSB

LOWER SPLINE
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SEALANT AT THIS LOCATION
WOULD NOT HAVE PREVENTED

FAILURE7

EXTERIOR

CONTINUOUS SEALANT AT TH!S8
LOCATION, OR AT A LOCATIQ
CLOSER TO THE INTERIORy"WOULD
HAVE PREVENTED-TMLURE

CONTINUOUS SEALANT
AT THIS LOCATION WOULD
HAVE PREVENTED FAILURE

INTERIOR
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0.019" ALUMINUM - CONTINUOUS
SECURE WITH PANEL SCREWS AND

8D NAILS, LAP ENDS 6" AND SEAL FILL ALL GAPS WITH FOAM
WITH CAULK —— SEALANT; CONTINUOUS BEAD
RIDGE SEAL
#|4 PANEL SCREW - GENEROUS BEADS

(HAY BE UNDER OR OVER i ‘( OF CAULK SEALANT
ALUMINUM FLASHING) ,p/ \N _
= ~3
s

SEAL ROOF RIDGE WITH

ROOF MEMBRANE OR 0.19" SEE
ALUMINUM SHEET EXTENDING INTERIOR DRYWALL SECTION
6" EACH SIDE OF APEX

CONTINUOUS SEALANT AT
LOWER PANEL JOINT

SECTION

"

SEALANT GAP PROVIDED
IN GAP BETWEEN
PANEL EDGES
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Figure 1 ] )
+ Remove strip of OSB from each side of ridge

— Remove 12"0f03
from each side of ridge

Figure 2
« Create air seal with strip of Tyvek® (tape seams of Tyvek®)
+ Hoid Tyvek™ shest in place with metal strapping

Tyvek® sheel sealed
1o OSB with acrylic
‘caulk sealant

Figure 3 _
+ Construct wood ridge vent with 2x2 furring
+ Use Cobra® Ridge Vent roll mesh at edges of vent to control insect entry

53" OSB

2x2 furring @ 16" o.c.
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Legend

~e—p Upper level air flows
-+ Lower level air flows

~a—p Air flow at panel joints
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Legend

~a— Upper level air flows
- L ower 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

— e — > -, A < -

M =
Panel joint ﬁ
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)

Fully adhered membrane air barrier

Gypsum sheathing

Fluted metal deck
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Shingles
Roofing paper

R-19 batt insulation installed
with wire stays or twine or
netted cellulose

R-5 rigid insulation (vertical and
horizontal joints offset from roof sheathing)

3/8” sheathing over rigid =~

i
e~ \\\“‘ cheating s ypcaly

Rigid insulation the "first” condensing
notched around roof surface
trusses and sealed

” ."..:.'_ - ps | .

Vinyl or aluminum siding —> :‘ﬂ Unfaced batt insulation

Rigid insulation - ’.-"4 - Gypsumblbosrr? with *.fa{)or semi-
aw c ain

Building paper —-—— permeable (latex) pai

drainage plane

Building Science Corporation
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The inside face of the roof
sheathing forming the cavity
is the first condensing surface

0SB or plywood nail base for shingles ——_

R-30 unfaced batt ceiling insulation compressed
to fit within 2x8 rafters or damp spray cellulose or
“netted” dry blown cellulose or fiberglass —\

R-5 rigid insulation (vertical and horizontal
joints offset from roof sheathing) — .

Sealant —

Rigid insulation notched
around roof rafters
and sealed

_

Vinyl or
aluminum siding ———>»

Rigid insulation (taped, -
shiplapped or

sealed joints)

Unfaced batt insulation

OSB or plywood
roof sheathing

Gypsum board
ceiling with semi-vapor
permeable (latex) paint

Caulking or sealant

Gypsum board with
semi-vapor permeable
(latex) paint
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Roof insulation

Insulation wind baffle
2” minimum space

Water protection
membrane (ice-
dam protection

where required)

r

Continuous
soffit vent

Vinyl or
aluminum siding

Rigid insulation
(taped or
sealed joints)

Cavity insulation
with vapor
retarder backing

Continuous ridge
ventilation ————

Rigid insulation
(taped or sealed joints)

Gypsum board

s — Caulking or sealant

~<—— Gypsum board with semi-vapor
permeable (latex) paint
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Roofing tile

Roofing paper

Netted cellulose insulation or batt insulation

installed with wire stays or twine

Roof sheathing

Underside of roof
sheathing is typically

== the “first” condensing

surface

Stucco

Rigid insulation

Building paper
drainage plane

Unfaced batt insulation

~—— GQypsum board with vapor
semi-permeable (latex) paint

Building Science Corporation
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Metal cap

Soil gas stack vented through
- flashed roof penetration

18" wide membrane strip
Coping wedge

0osB
Rubber roofing membrane

Roof flashing

0SB sheathing

Scupper
Two layers OSB

Cavity insulation; see

Material Compatibility I I e B et
and Substitutions % —
Gypsum board with semi-permeable (latex) paint §
Sealant, adhesive or gasket at top plate Sealant Sl 3
Polymer modified (PM) or : 9 PP penetrations ~
traditional cement stucco Caulking or sealant 3
Metal lath 2X6 24" 0.c. advanced framing
| —
| —
(==~ Cavity insulation; see Material Compatibility
Tyvek‘ﬁ’ StuocoWrap® |."'*| and Substitutions
aa—
::: Soil gas ventilation
2 e i Stack
Weep screed flashing tucked _ Sill gasket acts as capillary break
behind drainage plane ==
i — Gypsum board caulked, glued or gasketed to Sealant at all slab
Parge coat dampproofed with — bottom plate; held up from slab ] eadnuanal. s
latex paint to reduce water -..---__.'r penetrations
absorption = |— Concrete slab
A For termite protection provide N e A T = A I S AR S S AT aliva e T
S 3-0" of mulch and then < S i : . - . . - :

<. drought-resistant plants
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18" wide membrane strip

under parapet folded

top plate

Metal cap down over exterior | Ar barrier
rigid insulation membrane
Copi g (membrane
VNG Wwenge roofing in very
OSB cold and cold
OSB sheathing Rubber roofing climates; t’iO!.lSE-
Scupper membrane g;gg?,ir?tgllfjmg
Rigid insulation other climates)
[ e e e e i e e e e e ™ e ™
Sealant ST T 7 T 7 7T (T gl ( (X7
Rigid insulation I T AN
OSB : VI SIRINENENEP” Al ANARANANE
. g y | A .l'ln' | e W | [ S Y I Y A O | JH'I‘:/‘H/
Cavity insulation : =1 1 TN EEEEAEEE L
Sealant i i_,aj,i’ill_—l_fij = ,k e T, T, i .%
y = T & N
or traditional cement | — permeable (Iatex} paint S
stucco (= _ S
| g Sealant, adhesive or gasketat  “«
Metal lath | =
=
| —

Building paper bond ——

break over drainage
plane

7

M

Cavity insulation
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Metal cap

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

Coping wedge

OSB sheathing DSk
Rubber roofing
- membrane
Scupper 7

Two layers OSB

High density spray
foam insulation

o

L ypsum board with semi-
permeable (latex) paint

—— Cavity insulation

Polymer modified (PM) or —{|
traditional cement stucco

Metal lath l'jl ¥ Sealant, adhesive or gasket at
| SO, ﬁ\ top plate

Building paper bond break— " - - 0 Caulking or sealant

over drainage plane | R Cavity insulation
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Map of DOE’s Propused Climate Zones

<
Marine (C)

nNa

Dry (B)

Moist (A)

\4

e . . = Warm-Humid

Below White Line

e AT
T S L bl o e il

All of Alaska in Zone 7 ol TEsi
except for the following
Boroughs in Zone 8:

Bethel Northwest Arctic
Dellingham Southeast Fairbanks
Fairbanks N. Star Wade Hampton

ome Yukon-Koyukuk
North Slope

Zone 1 includes
Hawaii, Guam,
Puerto Rico,
and the Virgin islands

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

Roof underlayment
sealed to drip edge

S

&.r’

Non-occupiable
space

\—Gypsum 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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Conditioned Attics Not Unvented Attics
Need Supply Air
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Conditioned Attics Not Unvented Attics
Need Supply Air
50 c¢fm/1000 ft2 of Attic
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Hygric Buoyancy
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H _ He
= - 1 | Atomic Number z - = g 9 =
Li Be 1 Sym bol B C N 0 F Ne
" 12 13 14 16 16 17 18
Na Mg Al Si P S Cl Ar
19 20 21 22 23 24 25 26 27 28 29 30 a1 32 33 34 35 36
K Ca Sc Ti ' Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr oy Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
55 56 . 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
87 88 -~ 104 106 108 107 108 109 1o M 1Mz 13 114 116 116 n7z 18
Fr Ra Rf Db Sg Bh Hs Mt Ds Rg Cn Nh Fl Mc Lv Ts Og
g 57 58 59 60 81 62 63 64 65 66 67 68 69 70 71
La Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
89 90 91 92 93 94 95 96 97 98 99 100 1M 102 103

%

Ac Th Pa u Np Pu Am Cm Bk Cf Es Fm Md No Lr
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Dry Air

Oxygen(21%) 1602 32

Nitrogen (79%) 14 N228
29
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Moist Air

Oxygen(21%) 1602 32

Nitrogen (79%) 14 N228

Water (tiny) H20 18
less than 29
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Shingles
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Wood based roof
sheathing

Open cell low density

IEP n
spray foam ond

: ‘,I\ H 7
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Shingles

Roofing paper

Wood based roof
sheathing

Each “Ping” and “Pong”
bounces the water molecules
up the slope

Open cell low density
spray foam
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Code Change
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R806.5 Unvented attic and unvented attic
enclosed rafter assemblies.

« vapor diffusion port

* port area 1:600 of the ceiling area

 vapor permeance greater than 20 perms

* roof slope greater than 3:12

e insulation under the roof deck or at the
celling

« air supply 50 cfm/1000 ft2 ceiling area

when insulation installed directly under the
roof deck

e Climate Zones 1, 2 and 3
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Vapor Diffusion Port: A passageway for
conveying water vapor from an unvented
attic to the atmosphere.
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Sweating Ducts
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Sweating Ducts

Light Colored Roofs

Cool Roofs

Radiant Barriers

ACCA Manual J, Sand D
ASHRAE 62.2
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Ductwork Attic Dehumidification System
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SIS TN

Soffit
vvvvv

eeeeee
diffusion port
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Basements
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Attic/roof

V1Y

Attic/roof

Atti
roof

[
L

e e
E
§

JLINL A\
e R T

“Crawl space‘ *

Basement

Expansion of Conditioned Space

+ Conditioned space boundaries moving towards
exterior surfaces of building
+ Garage isolated from house by air barrier/pressure boundary
- Garage ventilated and conditioned independently of rest of
conditioned spaces
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Mechanisms of Flow

* Liquid Gravitational Hydrostatic Pressure
Capillary Suction Pressure
Osmosis Solute Concentration

* Vapor Diffusion Vapor Pressure
Convective  Air Pressure
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Hydrostatic
pressure

Hydrostatic
pressure
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Roof overhang screens wall
(deflects rain)

Site grading slopes ground away from
building over entire perimeter
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; TERSTIET e
0 m-nmnmn'u T

Rain water falling
on roof is collected
in gutters

Overhang protects
the ground around
the foundation from
getting saturated

Down spouts carry —*
rainwater from the
roof away from the

foundation
Capillary break under plate
Polyethylene vapor diffusion retarder
Eg?,;’ ?ﬁj}gﬁﬁﬁ ::i:,arf in direct contact with concrete slab
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Rain water falling
on roof is collected
in gutters

Overhang protects
the ground around
the foundation from
getlting saturated

Flash roof
into gutter

Down spouts carry —
rainwater from the

roof away from the
foundation

Ground slopes away
from the foundation

~ Capillary break under plate

=

sas

b

Conditioned
space

Polyethylene ground
cover acting as both
an air barrier and a

vapor barrier

Building Science Corporation

Joseph Lstiburek 356



Rain water falling
on roof is collected
in gutters

Overhang protects
the ground around
the foundation from
getting saturated N\

Flash roof
into gutter

Down spouts carry —»|
rainwater from the
roof away from the
foundation

Ground slopes away
from the foundation

|*— Concrete foundation wall

Groundwater flow is
downward (not horizontal)
under the influence of
gravity to the perimeter
drainage system

Capillary break over footing

Slab isolation

Palyethylene
joint

vapor diffusion
retarder
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"Kick out" — |
flashing Seat

PE““ ‘J Gﬂl“ﬂgﬂ
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Control joint at steps
in foundation wall

Control joints,
at corners

Control joints
are sealed with
flexible sealant
at the exterior
prior to
backfilling

Control joints at
window openings

Sealant Sealant

Diagonally cut 2 x 2's in forms ‘Saw cut joint
provide goose neck joint
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Garage foundation
(Isolated from basement
foundation for frost

heave protection)

pipe around

foundation

See Figure 4.4

Isolation joint
between garage

foundation and [ B[
basement /
foundation A _

. /Bond break material
~

-1 r------- - -

\(

1
s.: # Exterior

The diamond N insulation can _ I

shaped joints may - act as garage

be omitted if column S ea foundation

joints ——=

isolation joint

O\— Column

floor level and the
column is wrapped

with two layers of )K isolation joints |
sheathing membrane
or joint filler to Column

S by' | Basement (Sa?r?ghth“
foundation
Concrete cover)

foundation wall
control joints

1
-
1
) I
footings are below :
]
I
1
I
1

<+—Bond break
between slab

and foundation
== wall at slab o=
perimeter

l

--‘---ﬁﬂl

Perimeter drain
pipe connected
to sump

Through footing pipes
connect granular drainage
pad under slab to
perimeter drain pipe

*— Perimeter drain

exterior of garage
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Internally Insulated Externally Insulated Basement Insulated in  Basement Insulated Both
Basement Basement the Middle Externally and Internally
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Structure of house on 4_
foundation must be

shifted outward to com- <«
pensate for thickness

of exterior insulation ‘_

Protection layer/system
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Vinyl or aluminum siding —»
Rigid insulation —
(taped or sealed joints)

Sealant, adhesive or -
gasket

Adhesive

Floor assembly cantilevered
over foundation wall to

account for thickness of |
exterior basement insulation

Protective —
membrane strip

Flashing ——————— - |

Cellular PVC

protection board S
Ground slopes away from —,
wall at 5% (6in. per10ft) +

Impermeable backfill — I '

Granular backfil —»

Cavity insulation
+—Gypsum board
Sealant, adhesive or gasket

Sealant at corner of bottom
plate and subfloor or gasket
under bottom plate

Cavity insulation

) | ——Sealant
Sill gasket

Rigid insulaton ———»

Dampproofing
Filter fabric

Coarse gravel e
(no fines e

Perforated .
drain pipe —ar

4 Concrete foundation wall
Sealant over bond
: break material
Concrete slab
-/(-" - s

Capillary break over footing _/

(dampproofing or membrane)

Concrete footing

Granular capillary
break and drainage
pad (no fines)
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Concrete slab

- e

|.. . ; ;
i‘é’}% Polyethylene
G, A ) :
‘I:;.__,*,f?!_,,_[ | i vapor barrier
Szeasa e Granular
capillary break
and drainage

a4 paadk {fhariinge)
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Capillary break under
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Sealant, adhesive or gasket

Ground slopes away
from wall at 5% \ =
(6 in. per 10 ft.

Fiberglass batt insulation
Sealant

Sealant, adhesive or gasket

Sill gasket

Concrete foundation wall

Unfaced extruded or

expanded polystyrene rigid
insulation (semi-permeable
with taped or sealed joints)

«—— Gypsum board thermal

barrier necessary when
rigid insulation is not rated
for exposed application

Gypsum board over
furring strips

—— Sealant

Gypsum board held up from
slab

& A
s , ¢ , -— Concrete slab

Granular
capillary break
and drainage
pad (no fines)

Building Science Corporation
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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
and concrete slab

2" XPS bond break

- Free-draining backfill

4” concrete slab with welded wire
mesh placed at mid-depth
6 mil polyethylene vapor barrier

2" XPS rigid foam slab
insulation

Embedded hydronic tubing E

— iy — i e, | i —_—
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Rigid insulation

Sill gasket

Concrete stem wall

Concrete footing
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Drainage plane

Sealant, adhesive
or gasket (typ.) \ —— Sealant

Sill gasket
(capillary break)

d

/ 35" fibercement

P2
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Sealant, adhesive
or gasket (typ.)

3/” fibercement

i

i

=

g

LA i

o \ Sill gasket
. T

Drainage plane

(capillary break)




- Spray foam

Sealant

Drainage plane/housewrap

Capillary break

Spray foam

11/2" steel stud assembly

Concrete foundation wall

<— Gypsum board

Bond break
Sill seal thermal break and
capillary break

Concrete slab
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Crawl Spaces
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Crawl spaces must be completely
connected to either the outside or the
Inside
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Crawl spaces must be completely
connected to either the outside or the
inside

Vented crawl spaces work

Unvented conditioned crawl spaces work
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Don’t Do Stupid Things
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Leaky air handling unit
and supply ducts

Supply Return Supply

& e © B

Depressurized conditioned space
inducing infiltration
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Depressurized
L‘} conditioned space

= =) = o

it | it

han din g

Supply un i Supply
% Heturn

Leaky supply 1 T

ducts ﬁ

-
i

22)

_— ]

L F—FF
+ + + o+
etk uds

&g
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Crawl| space
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Smart Thing
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Capillary break

V| <«— Masonry <— Steel support
% {  support pier column

Continuous ’ ¢

olyethylene

\F:agor g % ¥ Membrane sheet

diffusion waterproofing under

retarder/air steel column or

flow retarder ] masonry pier

All joints/seams
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Conditioned Crawlspaces Not Unvented
Crawlspaces

Need Supply Air
50 c¢fm/1000 ft2 of Crawlspace Area

Or
Dehumidification
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4x10 transfer
grille to first floor
conditioned
space

I—\\\.\\. O —

Interior wall

A

Subfloor

+--—-F / Floor joist

b

¥

i Duct open to

crawlspace
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Alternative Detail

Inspectiol
gap for
: e /~ Unfaced cavity insulation,
s | / /" cellulose or low density
gasket- i f / spray-applied foam insulation

—

+—Gypsum board with (latex) paint

Flaahing'l

—Sealant, adhesive or gasket
/
| —Sealant at corner of bottom

ya I | //plate and subfloor or gasket
St // le /' under bottom plate
ucco ;

Unfaced cavity insulation,

I
11
11
1
I
il

Building paper —

(behinc_i rigid / ( ceilTogi or low density spray
insulation) /i applied foam
/ il | = v Sealant
Rigid insulation — / \—Sill gasket
Adhesive - g | Protective membrane also
H'II i acts as capillary break
Protective membrane — i —43Top courses filled solid
“ | A4 Rigid insulation (fire rated)
A V]
7/ (taped or sealed joints)
Ground S|Dpes away_l m Masonl’y foundation wall
from wall at 5% II / /] T
(6in. per 10ft.) | A . Continuous polyethylene
. = vapor barrier/air barrier
g e (all joints taped)
C taped to perimeter
Hemppiooing ] . rigid insulation
s, .1 Capillary break
If exterior gradeis | ° = over footing
lower than interior S T e
crawl space grade -
L ro -2 ' Concrete footing
no perimter drain is ewise

necessary

Building Science Corporation
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Smart Thing
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Wood siding

(all surfaces painted)
Air space
1/5" 0SB sheathing

Furring

Sealant, adhesive
or gasket

AN

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

«——— Gypsum board with permeable

(latex) paint

Sealant, adhesive or gasket
Sealant at corner of bottom
plate and subfloor or gasket
under bottom plate

Adhesive

Sealant (typ.)

A

Rigid insulation
Gasket

Sealant, adhesive

or gasket

Crawlspace vent at top
of foundation wall

Masonry foundation
wall

j'\

R SRR e e,

Ground sloppes away

X
\

b
\ Batt insulation

Rigid insulation (fire rated,
taped and sealed joints)

Sealant
Treated wood nailer

ﬁ\ Capillary break

from wall at 5%
(6 in. per 10 ft.)

BNNNNHN

Capillary break

2

Dampproofing

T— Continuous polyethylene

vapor barrier (all joints
ovgﬁapped) @l

over footin
ing —— T3 ——=~— Dampproofing

Concrete footin
below frost dep

Building Science Corporation
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Cladding ol

Air gap . Arylic latex paint
Wood based sheathing -

(plywood or OSB) Gypsum board

Water control R,

layer

Spray polyurethane High density closed cell
foam (SPF) Jr spray polyurethane foam

4

\—Protection board

S ARLLLRLRRRR

__'_ g

B | SR




Vinyl or
aluminum siding

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

Rigid insulation < Gypsum board with (latex) paint

(taped or sealed
joints)

—Sealant, adhesive or gasket

;f/— Sealant at corner of bottom plate and
/ subfloor or gasket under bottom plate

»

Sealant,
adhesive or gasket

Adhesive

Sealant

Sealant, adhesive
or gasket

| Rigid insulation
(taped or sealed s
~ joints) < Capillary

— break
Protection
board

Sealant
Capillary break

I
< | Pier [ |

foundation |

— Concrete pads below
frost depth
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Any type of flooring/floor finish

Floor sheathing (OSB or plywood)

k Foil-faced

isocyanurate
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Any type of flooring/floor finish

Floor sheathing (OSB or plywood)
Airspace

\fFoiI-faced Cavity

isocyanurate insulation
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/<Spray foam
insulation
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— Tile
— Girout
— Thinset mortar

Cement board/fiber cement underlayment

Floor sheathing (OSB or plywood)

Closed cell (2 Ib/ft® density) spray foam
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— Wood flooring (back-coated)
— Slip surface (rosin paper or building paper)

Floor sheathing (OSB or plywood)

’7 Closed cell (2 Ib/ft® density) spray foam

I|=“
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— Carpet
Carpet pad
Floor sheathing (OSB or plywood)

Closed cell (2 Ib/ft® density) spray foam
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— Vinyl flooring
Floor sheathing (OSB or plywood)
— Closed cell (2 Ib/ft® density) spray foam

Building Science Corporation
Joseph Lstiburek 439



Heat from
enclosure

"9 S

Interior

75 78°F Summer
- 72°F Winter

I

L

Ventilation
air

Ventilation
air




Conduction Conduction Conduction

AN N Ny

N FERY PR R

Radiant heat
67 - 68°F

transfer

To ground To ground To ground

Negligible air flow/convection

Ground
-~ /
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RH=70%

MC=13% Fiberglass cavity
r 75°F / insulation
"L\__,.. =7 .::: —

61 - 62°F

61 - 62°F Water droplets

RH 100% at surface Crawlspace air
MC = 25-28% (65°F dewpoint) Floor assembly
and ground
Ground are radiation

coupled
—— 60°F § é
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Interior vapor pressure lower than

crawlspace vapor pressure
(55°F dewpoint)
Impermeable
f flooring
\ \ || I|l

Fiberglass cavity
insulation

Uniform vapor pressure throughout crawlspace
including within crawlspace insulation
(65°F dewpoint)
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Slabs




Wood baseboard

Wood flooring

W

Concrete
slab

Y

W '“‘-I._-. ﬁ- I' . i A A. ll
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Wood flooring

Wi

Concrete
slab

i\

Perimeter of slab
protected above
grade
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Capillary break under
framing (polyethylene
strip)

Latex paint (vapor
permeable, but water
repellent) .0

-

L

-9

el U
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Wood baseboard

Capillary break Wood flooring

beneath bottom plate Conciete
a4

P slab
Ta & I-z\‘

. =3

Cementitious ]
rendering ol
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Wood floor

Concrete
slab

Polyethylene vapor
barrier

Granular base
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Wood floor

Felt slip sheet

Plywood

Two-ply felt set
in mastic

Granular base
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Wood floor

Topside fluid-applied
vapor barrier

Concrete
slab

Polyethylene vapor
barrier

Granular base
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Wood floor

Concrete
slab

Polyethylene vapor
barrier

Extruded polystyrene
(XPS) rigid insulation

Granular base
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Moisture Content vs. Relative Humidity

32

30 /"
L 28 /
QO 26
5 24
= 22
-9}
g 20 /

18
¥}
3 16 /
Z /
g 14 /
- 12 /
.g 10
= ///
-
& ° /7'

4 -
2 //

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

Relative Humidity (RH) %
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Plain
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Hollow Back

Building Science Corporation
Joseph Lstiburek 483



[

Scratch Back
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Hollow or Scratch Back
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!

L )

Roof flashin

]

-«—— Vent stack

£ )

— Continuous polyethylene
vapor barrier/air barrier
(all joints taped)

Polyethylene
mechanically
attached to
foundation wall
perimeter and
sealed

: )

Perforated drain pipe trench
covered with course gravel
(no fines)

%:;;wmrﬂnﬂ.n LW cacassacasascanasl

Sealant at all penetrations in
air barrier

Perforated drain pipe at perimeter
connected to vent stack

Building Science Corporation
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Roof flashing

+— Vent stack

Polyethylene
vapor barrier

Concrete slab

Sealant at all
peneirations in
air barrier
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|| Cavity insulation
+— Gypsum board

A,

Cladding

i

( 4 Sealant, adhesive
§ 9 or gasket
7 Sill gasket
Continuous exterior @:@ Masticed membrane
insulation <7} strip
;l gﬂ‘ /—Rigid insulation as

)

bond break material
4/ Polyethylene vapor barrier
T, .,_- L -A,q B

o A

Rodent protection for — ﬂ 5
continuous rigid it
insulation

For insect protection provid
30" of mulch and then Sy
_ drought-resistant plants |’
™ ——rrertikl
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Cavity insulation

Continuous exterior insulation

+«—— Gypsum board

hd

e e .

i

Cladding
Flashing set in mastic
sealed to slab

Sealant, adhesive or

Rodent protection for
continuous rigid

I
insulation ] — gasket

—7 i

A Sill gasket

Cellular PVC protection —
board

i

]
!s. AN

"

4” Concrete slab

T A < T & <

For insect protection provide
3'-0” of mulch and then
drought-resistant plants

Uit

1P

[ e pe——
e

...‘ ﬁ.—-
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Flashing set in mastic and
sealed to slab

WAVAVAAY

N N A AN N

K
\
A
A

Removable strip of insulation

and protection board e




T&G subfloor

2xd

Capillary break
11/2" rigid insulation —

T&G subfloor

2x4

Capillary break
11/2" rigid insulation

Plate under
load bearing
walls only

Plate under
load bearing
walls only
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Brick veneer Cavity insulation

Air space +«————— Gypsum board

W

Rigid insulation

Flashing under rigid
insulation

W';

Sealant, adhesive or gasket
Flashing set in mastic and Sill gasket
sealed to slab and sealed
to concrete grade beam for
brick veneer

MW

Concrete slab
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Fiberglass tie
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Concrete
“waffle” slab

Extruded
polystyren

Cavity insulation

Fully-adhered :
membrane S

| A

| - |
S - |- Extruded polystyrene (XPS)

Cladding

| 1x4 furring

—Two (2) layers of 2” rigid

insulation
~———Water table

Insect screen

Sheet metal protective cover

Drainage mat (3/8™) )
— Concrete skirt
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