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Life is Tough Enough as it is

Life is Tough Enough as it is
It is Harder When You Are Stupid

Life is Tough Enough as it is
It is Harder When You Are Stupid
Don’t do Stupid Things
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Roof insulation ——_

Insulation wind batfie

2" minimum space  ——___

Water protection
membrane ——_

Continuous Y4
soffit vent —

Vinyl or
aluminum siding

Rigid insulation

(taped or sealed joints) — |

Unfaced cavity insulation,

cellulose or low-density
spray-applied foam —

A

Continuous ridge
ventilation

Attic ventilation

T

NN AN

~

_ G

~—— Consider increasing depth of

im board with vapor
semi-permeable (latex) paint

insulation by using deeper
trusses or oversized (longer)
trusses

Caulking or sealant

Gypsum board with permeable
(latex) paint

Building Science Corporation

Joseph Lstiburek 5

/o Leaky air handling unit
(| and supply ducts

Depressurized conditioned space
inducing infiltration

Lstiburek

© buildingscience.com

2 of 59



Priority Energy

Spray Polyurethane Foam

May 5, 2015

HalCommon
Area

10-inch dia.
flex duct (typ.)

Sealant

* o Ceiling

grille

Ceiling—/ f

grille

~—— Wall cavity

10

Grille located high in
wall on bedroom side

% to avoid blockage by
furniture

Cavity is sealed tight,
drywall glued to studs and
plates on both sides

8

Grille located low in
wall on hallway side

Return

12
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Return
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Thin ice slab
under snow
Melt water
running under
thin ice slab o

Melt water running
down underside
of sheathing

Ice dam

Icicles

Building Science Corporation
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“— 9" to 12" cellulose or spray
L fiberglass
L 1" HD spray foam
OSB/plywood
sheathing - - Gypsum board
2x6 frame wall
Drainage plane 4'/;" cellulose or spray fiberglass
17 HD spray foam
30
18;wide meml;r?geed strip
under parapet fo
Metal cap down over exterior :.\n‘;g%'r';?\';
rigid insulation (membrane
gg‘;"g wedge ro?éing ‘ijn vcla
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Metal lath — || — top plate =
Building paper bond S — : .
break over drainage = Cavity insulation
plane e
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Metal cap

18" wide membrane strip under
poasrapel folded down over exterior
B

Coping wedge
osB

OSB sheathing ——
membrane \

Scupper -7
Two layers OSB

High density spray
foam insulation

Polymer modified (PM) or

traditional cement stucco permeable (latex) paint
Cavity insulation

Sealant, adhesive or gasket at
top plate

Caulking or sealant
Cavity insulation

T Gypsum board with semi-
Metal lath

Building paper bond break
over drainage plane

May 5, 2015

Map of DOE's Propused Climate Zones

e Moist (A) -

(3
et o g howeg
e st F arsarss
Fartarus i St Wade bamotcn
o VSaaR
Noth Sege.

March 24, 2003

Supply Return Supply

/j_l-_, m

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

Low density spray foam insulation

Asphalt shingles

Roofing paper

Roof sheathing

Raised heel truss —

Rigid foam, or comparable,
as backdam

Soffit —M Non-occupiable
space
Roof underlayment -
sealed to drip edge

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

Building Science Corporation
Joseph Lstiburek 35
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= =
4//
— =

QOSB/plywood
sheathing

Drainage plane ————»

“— 4" HD spray foam (R-30)
Gypsum board

2x4 frame wall

2'/>" cellulose or spray fiberglass

1" HD spray foam

1" HD spray foam

37

Roof cladding
Roof underlayment

2x6 top chord ————

‘ L 1" HD spray foam

s | ;

I

“Netted" cellulose; | |
8" nominal I
(R-23.5) I
I

11

||

2x6 top chord
- //
et 3 .
— \ Cellulose or spray fiberglass;
8" nominal
OSB/plywood Gypsum board
sheathing
2x6 frame wall
Drainage plane o - 4'/2" cellulose cavity insulation
o 1" HD spray foam
38
Roof cladding
Roof underlayment 1

1" HD spray foam

Spray fiberglass; |
8" nominal
(R-23.5)

B

40
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Roof cladding -

Roof underlayment S maten

3" HD spray foam
(R-19.5) —‘]

‘- 8'/i" cellulose or spray
fiberglass (R-21)

41 42

43 44
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a7 48
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Vented vs. unvented shingle temperatures
FRF Data: June 1 - September 30, 1989 X X
160 - - - South-facing shingle temperatures
erages. e Jacksonville, FL 16-Sep to 18-Nov 2000
140 L TP 350
[y > 300
2 120 - R 3 2 250
g ; S § 200
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S 100t A - 5 & 150
e : £ 8 100+
L R i f 2 50
: 0,
. . N O O O O OO0 O O O O o oo O o O o
60 t t t M ¥ DO K ®»A O A N®MFI O O K ©
Standard Time (h) Temperature (F)
= White Shingles » Black Shingles B unvented S shingle® vented S shingle|
55 56
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Vented vs. unvented roof sheathing temperatures

South-facing plywood temperatures
Jacksonville, FL 16-Sep to 18-Nov 2000
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Temperature (F)
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Hourly Maximim Roof Deck Temperature
LV24 and LV22

1 1t
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6
Hour of Day for August 1997

[— LV24, BAl—— LV22, ref ---- Outside ]

Temperature (C)

90

Roof Shingle Temperature

FSEC 3.0: Orlando, 1-Aug

~
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@
S

a
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S

W
S

N
S

Hour of Day

Temeperature (F)
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Bottom of Roof Plywood Temperature {
FSEC 3.0: Orlando, 1-Aug
80 Sealed R-28 flat
Sesed R19 at
%) €
< g | oo
5 2 | —a [ FEB 28 2003
B I e R
2 g
§ L I -
- R .
R -
20 L Hes _—
13 5 7 9 11 13 15 17 19 21 23 et E
Hour of Day — b L }
(‘ : FEB 28 2003 B FEB 28 2003
62
Open Cell vs Closed Cell Conditioned Attics Not Unvented Attics

Must Have a Supply and a Return Path
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Conditioned Attics Not Unvented Attics The Perfect Wall
Must Have a Supply and a Return Path

In IECC Climate Zone 5 or Higher You Must
Have a Class Il Vapor Retarder

Water Control Layer
Air Control Layer

Vapor Control Layer Cladding >
Thermal Control Layer Control layers =
Structure >

Lstiburek © buildingscience.com 17 of 59
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Ballast
Filter fabric
Control layers
Roof structure
i
Roof
Slab
Control layers
Stones
Earth
© buildingscience.com 18 of 59
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Roof
| |
Wall Wall
I I
1 1
L_L Parapet
Roof ; Roof
H |
Wall L Wall
I :
fl
Slab Slab
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Brick ver veneer

Drained cavity

Exterior rigid insulation — extruded

Concrete block

Metal channel or wood furring

polysty . exp polysty 2
isocyanurate, rock wool, fiberglass

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

yp board

Latex paint or vapor semi-
permeable textured wall fiinish

TL Parapet
s Roof
2 Wall
Footing Slab
7
Brick ver veneer
Drained cavity

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

or i I-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

NNINNNNAN|

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

Brick v e veneer

Drained cavity

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

e or t |-on or spray
applied drainage plane, air barrier
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

Lstiburek
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Brick veneer cladding

Drained and vented cavity

Spray-applied closed-cell high-
density foam (2 Ib/ft*) water control
layer (also air control layer, vapor
control layer and thermal control
layer)

Concrete masonry unit wall

Metal channel

Gypsum board interior lining

Latex paint

Brick ne veneer

Drained cavity

Spray-applied closed-cell high-
density foam (2 Ib/ft*) water control
layer (also air control layer, vapor
control layer and thermal control
layer)

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

Uninsulated steel stud cavity

board

Latex paint or vapor semi-
permeable textured wall fiinish

Brick ver veneer

Drained cavity

Spray-applied closed-cell high-
density foam (2 Ib/ft*) water control
layer (also air control layer, vapor
control layer and thermal control
layer)

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

Insulated wood stud cavity

Gypsum board

INNININSINRNIN

i

Latex paint or vapor semi-
permeable textured wall fiinish

Lstiburek
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Brick veneer

Drained cavity

Exterior rigid 1 — ded

polystyrene, expanded polystyrene,

isocyanurate, rock wool, fiberglass

ort l-on or spray
applied drainage plane, air barrier
and vapor retarder

Non paper-faced exterior sheathing,

plywood or OSB

Spray foam insulation

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

May 5, 2015

Brick veneer

Drained cavity

Exterior rigid i ion —

POIySH » CXP pOlysSty
isocyanurate

Spray foam i

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

89

90

Brick J veneer

Drained cavity

Drainage plane

Non paper-faced exterior sheathing

plywood or OSB

Spray foam i

Gypsum board

Latex paint or vapor semi-
permeable textured wall fiinish

91

Building Science Corporation
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Building Science Corporation

Building Science Corporation
Joseph Lstiburek 93

Joseph Lstiburek 94

Plywood/OSB
sheathing

Water control
layer

3" spacer strip

Building Science Corporation

Building Science Corporation
Joseph Lstiburek 95

Joseph Lstiburek 96
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Building Movement Building Movement - Vertical
97 98
,
T
CMU infill assembly o~
HD spray foam y 1 e — "Seat”in slab
Concrete frame/slab ad e
Oversized backer rod to "
syl support membrane strip
:m-: Membrane strip over { i 7
primed surface '\ Open joint
§
g ;
7
L
99 100
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Steel stud infill assembly . £ S z : ) .

A 9 ] Drilled expansion
P:pov'l:ass gypsum Minimum overlap of 17; | * T SN s s anchor
shealning the stiffness of the stud : A :

[ to track connection [ * ke 3 = Outer track
HD spray foam - must reflect behavior e 7oA
at exteme locations. |* ST A =
Concrete frame/slab a 4 { s A l Maintain required
* movement gap

Membrane strip over { e _— \'_‘“ n between gypsum
primed surface A T board and floor slab

Do not screw gypsum board to outer
track. Maintain required movement joint
distance between drywall screws and leg
of outer track.

I T | ‘\‘\-

Minimum required
movement joint distance
between leg of outer track

Fd / 4

and screw connecting “— Prepunched cut-out for expansion anchor
stud to inner track. clearance
\.
Inner track
101 am

1

“The Ugly” “The Bad" “The Good"

103 104
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Spray-apphed closed-

igh-density foam (2 M’)
water control layer (also air
control layer, vapor control
layer and thermal control
layer)

Vent and drain openings —
@24 oc \\

105

106

Building Movement - Horizontal

Sealant backer rod
r Metal or plastic angle

as

4

900]090dpojooo

CcMu
~ Peel and stick
membrane strip

Backer rod

Spray-applied closed-cell high-density foam
(2 Ib/fr*) water control layer (also air control
layer, vapor control layer and thermal
control layer)

L Ccavity

Brick veneer

107

108

Lstiburek
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LML

I\ 4

[\

ood__Hc*o a+d__\)oo

cMU
Peel and stick
membrane strip

Backer rod
Spray-applied closed-cell high-density foam
(2 o/ft%) water control layer (also air control

layer, vapor control layer and thermal
control layer)

Cavity

Brick veneer

May 5, 2015

“Punched” Openings

109

110

Liquid-applied
membrane lining,
sub-sill window

flashing, air and water

barrier transition
membrane

HD spray foam “filet” —/ "g’\;

to be applied before
rest of foam

HD spray foam

Air seal

HD spray foam 44» N

Liquid-applied
membrane lining,
window flashing,

air and water barrier
transition membrane

HD spray foam “filet”
to be applied before
rest of foam

111

Lstiburek
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Liquid-applied
membrane lining,
sub-sill window
flashing, air and water
barrier transition
membrane

HD spray foam “filet”
to be applied before
rest of foam

HD spray foam

Air seal

Paperless

gypsum
sheathing

HD spray foam 44»

Liquid-applied ——
membrane lining,
window flashing,

air and water barrier
transition membrane

Flashing

HD spray foam “filet”
to be applied before
rest of foam

Paperless

gypsum
sheathing

Air seal

us

14

Roof — Wall Connections

Cant
Wood blocking
Parimaner of (0ol Insulation wrapped in air Control
membrane 10 biock sirfow om 100! 10 parapet
Futy adhered 1ol membeane
Two (2) layers nsulaton. jorts
stagpered horizontally and vertcally

|

Spray-apphed dosed:
cel high-cersity foam
(2 ) waser control
hwv {also air control
vapor controt
‘lw' and thermal
control layer)
Fibergiass batt
insulation

Backer 100 fits gap

T T

|

I-beam|

:i// \
(msadod l-ophnr proud

Anoo’ﬂolm«"bfl’w

Open wed steel joist

Detiection track allows space
foe move

us

16

Lstiburek
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Parapet fashing

Fufly-adheced wale!
‘control membrane

 Backar rod
Pecmener of 1ol insdaton wiagped i e
| cortrol membrane 1o tiock airiow from root
o parapet

Fubly adhered rocf membrane
Two (2} layers insudaton; joints
Mageced horizonally and wrscaly

us

(2 ) water control
Layer (aiso air oML ™
layer. vapor control .
layer and Swemal |
control layer)
Proel and s8ick -
transiticn membeane. I
i and water control 3
\ Backer 103 10 18
ot
dabond water and ar
n7
Cant

- Pacinetar of rool insulation wrapped in air control
| membeane to biock airflow from rool 1o parapet

[~ Two (2) :;ﬂu insulation; jomss.
/ horzontally and verscally

Examples

19

120
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i

;;ﬁl( f ' b

123

Lstiburek
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127

Lstiburek
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Priority Energy

132

131
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Z-bar HD spray
\% foam

O Co ] | (N7 - Vo R
LS ~ PSS, TS

T i —— .
\— Exterior

gypsum

sheathing

stud L]

133

135
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137

138

139

Outside

O°F

Exterior

Inside

70°F

\— Dewpoint

(50% RH, 70°F)

Location of

sheathing

2

condensation
and frost

Lstiburek © buildingscience.com
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Building Science Corporation

Building Science Corporation
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W

od-based sidng
Buiking paper

Exterior sheatt

R-19 cavity
trame wall

sulation in wood

ard with any paint or |

=

Temperature ('F)

Mean monthly cutdoor

P temperature
k]

Dew poict temp
2 SASHRH TOF == =
10 Dew

omp
0% RH., 70°F

APR MAY JUN JUL AUG

OCT NOV DEC
Month

R-7.5 rigid insulation

R-13 cavity insulason in wood
frameo wall

Gypsum board with any paint of
wall ¢

JAN FEB MAR APR MAY

Building Science Corporation

nsulating
the condensing sur
of interest

Véood-based siding o

Temperature ('F)

&0
Inssabonisheatring intertace
0 temperature (R-1 5 sheathing
ity insulation as
0 shown in adjacent drawing|
« s bex
% pacature
40
Dew point tee
10 #3I5%RH
0
APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY

Month

Building Science Corporation
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Outside
" Roof sheathing

Condensation and frost
accumulating on underside

of roof sheathing

N

Ao _— Attic
insulation

3 Dewpoint

Inside

Joseph Lstiburek 145

poration

Building Science Cor

May 5, 2015

Joseph Lstiburek 146

Building Science Corporation

Outside
Radiation to
night sky g R

“— Condensation and frost
accumulating on underside

Roof sheathing

of roof sheathing
Roof sheathing =
Condensation and
and top of attic 4
insulation are atic gﬁgaﬁu::‘ﬂahng
radiation-coupled msul:!ion
o' {c\ro apensas

L )
N Attic

Inside insulation

Joseph Lstiburek 147
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Wood siding — Untaced batt insulation
(a1 surtaces painted) board with sem
vapor parmeatia (1atex)
At space paint
/3" OS8 sheathing —
— Sealant, achesive or gasket
Furring
Soatant at cornar of botiom
Sou e ! plate and 2bhoor or gasket
onroo up—— undder bottomn plate
e o Sealant (typ.)
S — insutason
199898973 . 990
052« s 8008000
Sealant, adhesive
o gaskat
\ oot ot
Crawispace vent at | — Rigid insulation (tie-rated,
of foundation wall Z taped and sealed joints)
(S Capillary break
/ Sealant

Masoery foundation
wall

Ground siopos away from
wall a1 §% (6 in. per 10 ft)

May 5, 2015

r 75°F

Fiberglass cavity
/ insulation

61-62°F

¥

Crawlspace air
(65°F dewpoint)

Water
droplets

a1:-62'F Water

droplets

Floor assembly
and ground are
radiation coupled

Ground

Building Science Corporation
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Wi or
o ——_

Rigid insulation — |-

(taped or sealed
joints)

Sealard, achesive
or gasket ——_|
Adhesive

§—— Untaced batt insulation

or gasket under botiom pi

Lo Gypsum board with semi-vapor permeable
(tatex) paint

Sealant, achesive or gasket
Sealant at cormer of botiom plate and subfoon
ate

Sealant

=T oo T
ISSSNINANRRNasanaaaan|

~ Sealant

Sealat, —— 4 A {aped or sealed joints)

adhesive or gasket N\ Protection board (=3
] \coty e
—

Building Science Corporation

151

Building Science Corporation

152
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Airspace Wood-based
\ subfloor \

0000 A0AA000) DOOOOOLR

W

Gypsum board J Rigid insulation J

Cavity insulation

Building Science Corporation
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Building Science Corporation
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Building Science Corporation
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1" HD spray foam

4'/;" cellulose or spray
fiberglass

OSB/plywood sheathing -
2x6 frame wall >
|
{
Drainage plane |
| -~ Air seal
y

157

159

160

Lstiburek

© buildingscience.com

40 of 59



Priority Energy Spray Polyurethane Foam May 5, 2015

163 164
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Seal around —_
rough openings

Seal along ~, 'a‘ \
top plates | \ \

on exterior
walls.

Seal gypsum board —._
o first stud in the wall "\

Seal along
bottom plate
on exterior
walls

Seal along inside —

of bottom of first
Partitions: seal stud in interior wall
at top plate where

adjacent to an

unconditioned space

Rigid insulation -

Gap needed here

/

Cavity insulation

— Air seal

,— Air seal

y/

Engineered wood

Spray foam insulation

Rigid insulation

165
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Frame
“ Plastoriiath imenior kning
Clspboards -
Bown celluloso cavity Sl
¥ Timber frame
Board sheathing 3" speay polyurethane foam

(210" gensity)

Intumescent coating

Maembrane capilary break/
drainage plane

Concrete patch
Existing slab
Epoxy lop coat

173

175

176
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3" spray polyurethane foam
(2 Ib/ft® density)

49— 1'/2" metal stud wall

#—— Gypsum board thermal barrier

— 34" drainage mat (filter fabric side
facing up)

’ — 2" extruded polystyrene (XPS)

New concrete slab
it I

177

178

179

180
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189 190
Intertor Conduction Conduction Conduction
75 - 78°F Summer
68 - 72°F Winter
75°F
Heat from |—

N FERY RN IR

Radiant heat
"'"‘:""‘“' — transfer
4 67 - 68°F
To ground To ground To ground
Ji = Negligible air flow/convection
Ground temperature
(always colder than enclosure interior) Ground
I_ 60°F
Building Science Corporation Building Science Corporation
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RH=70%
MC=13%

[75F

May 5, 2015

Fiberglass cavity
insulation

Ve

o

Interior vapor pressure lower than
crawlspace vapor pressure
(55°F dewpoint)

Impermeable
/ flooring

Increasing
moisture
content

\— Vapor closed

Inward
floor sheathing moisture drive
Vapor open
insulation

\ Fiberglass cavity

insulation

por p
g within

(65°F dewpoint)

Building Science Corporation

Joseph Lstiburek 194

T61-62r \_
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
I—GO"F
Building Science Corporation
Joseph Lstiburek 193
%
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a0, 006 g
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oo §
1 e 002
35 40 45 50 55 60 70 75 80 85 90 95 100 105 110 115 120
Dry Bulb Temperature ('F)
Building Science Corporation
Joseph Lstiburek 195

T Potential for

[/ | cor 1

v

58°F — Crawl:

e o -

\..

TN

pR—

/

— Mean monthly outdoor

dewpoint temperature

/

ground surface temperature

A |+

Temperature (°F)

\’/
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Month
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Moict C

28R

R ®

Equilibrium Moisture Content (EMC) %

0 5 10 15 20 25 30 35 40 45 50 55 60 65 7

Humidity

May 5, 2015

Relative Humidity (RH) %

75 80 85 90 95 10C

Building Science Corporation

Any type of flooring/floor finish

Floor sheathing (OSB or plywood)

\— Foil-faced

isocyanurate

Joseph Lstiburek 197

Building Science Corporation

Joseph Lstiburek 198

Any type of flooring/floor finish
Floor sheathing (OSB or plywood)
_/— Airspace
r: -

\

X

\— Foil-faced

isocyanurate

N

Cavity
insulation

Building Science Corporation

\— Spray foam

insulation
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Tile
Grout
Thinset mortar

Cement b iber cement

Floor sheathing (OSB or plywood)
Closed cell (2 Ib/ft* density) spray foam

Building Science Corporation

Wood flooring (back-coated)
Slip surface (rosin paper or building paper)
Floor sheathing (OSB or plywood)
I—Closod cell (2 Ib/ft? density) spray foam

Joseph Lstiburek 201

Carpet

Carpet pad
Floor sheathing (OSB or plywood)
Closed cell (2 Ib/ft* density) spray foam

Building Science Corporation

L]
Building Science Corporation
Joseph Lstiburek 202
Vinyl flooring
Floor sheathing (OSB or plywood)

[7 Closed cell (2 Ib/ft* density) spray foam

Joseph Lstiburek 203
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Leaky air handling unit
and supply ducts

Supply Return Supply

@ e e 6

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.

Building Science Corporation
Joseph Lstiburek 205
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Depressurized
conditioned spao2

=2 e .8 @

[Air]
handing
Supply | u“lh— Supply
— 1 Return f
ducts ———
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Coping/cap flashing
v top of parapet

Embecded wood terber
rool struchare

Extorior wyhe (ropointed
Of ot with polyrmee
coment shurry)

Mitth-wye mascery woll

Fully
roofing extending up ferice
and aver p of parapet wall

Tirrer decking

12" sprayed coluiose fro-

1

prooting (K-13°)

Deopped colieg struckee

2" spray agphed foam
insulaon (chosed-oed,

Uninsutated steel stud
assedly

Gypun board

Building Science Corporation

Joseph Lstiburek 209

Building Science Corporation

Joseph Lstiburek 210

comant srry)

4 wythe masonry
wat

Exterior wythe (repcinted
o comed with polymer

]

Speay appled foam
insulasion (2" ciosed ol
high censity)
Uringdatod stael stud
assarbly

Gypsum board

Sublioor held away from
wat

Plywood subtioor

Timber decking

Liquid applied membrane
waterproofing

Flanged window

Trim closure

Air seal

1'/5" rigid insulation

Plywood spacer

Concrete sill

2x6 wood buck

Exterior wythe (repointed

or coated with polymer
cement slurry)

Multi-wythe masonry wall —

1x2 backdam

2" spray applied foam
insulation (closed-cell,
high-density)

Uninsulated steel stud
assembly

Gypsum board

——

21

Building Science Corporation
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213

Strain (x10°)

500

¢
S 0.7 /

0.2 04 06 08 1
Degree of Saturation
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Sray acphes boum emtstcn
ik ok gty

Gy tiwd
s et away o w

(S —
" manoney morter - Pagariens gypmam boant
b I

Il

|

217

Concrete slab

Polyethylene
vapor barrier
Granular
capillary break
and drainage
pad (no fines)

Py
=% el
e ——
7
Building Science Corporation
Joseph Lstiburek 218
Capillary break on —————»|
exterior foundation wall
— Capillary break under
slab

!

219

220
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Capillarity + Salt = Osmosis

* Mineral salts carried in solution by capillary water

« When water evaporates from a surface the salts left behind form

crystals in process called efflorescence

* When water evaporated beneath a surface the salts crystallize

within the pore structure of the material in called sub-

efflorescence

* The salt crystallization causes expansive forces that can exceed

the cohesive strength of the material leading to spalling

222

Diffusion + Capillarity + Osmosis =

Problem

« Diffusion Vapor Pressure
« Capillary Pressure
¢ Osmosis Pressure

3to 5 psi
300 to 500 psi
3,000 to 5,000 psi

223

224
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O00c

U

LI
A 000

the mortar matrix

v

Salts left behind on surface
in thy tals

b
\p Evaporation from surtace

m of water
e
Capillary flow of salts in solution
225 226

L

LTI
OO0
L HO0O00C

Lime mortar “eaten” away
over time “sacrificing”
itsolt 10 protoct brick and

A\ Mmasonry units
- Evaporation from thick fime-

based monar rendering

ZZEAS
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229

230

- Clay block infill wall
1
Paint coating - Wood turring
Stucco - Wall board

231
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