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Expansion of Conditioned Space
+ Condlionad space boundares moving lowards

exterior surfaces of
+ Garage isolated from house by air barrer/pressure boundary
+ Garage ventiated and conditioned independently of rest of
Spaces.
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Sealant, adhesive
or gasket (typ.)

Drainage plane

/— Sealant

Sill gasket
/ (capillary break)
/ 3," fibercement
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Drainage plane

Sealant, adhesive
or gasket (typ.)

3," fibercement j‘

=
=
=
=

\ Sill gasket

(capillary break)
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Mechanisms of Flow

+ Liquid Bulk
Capillary
Osmosis

* Vapor Diffusion
Air Transport

Hydrostatic Pressure
Concentration Gradient
Concentration Gradient

Vapor Pressure
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Cagtary brosh undes plate

Polyuthylens vaoce dffusion retarder
0 drect CONACE With concrete sab
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EXTERIOR SHEATHING
I
j<———— HOUSEWRAP / WRB /BUILDING PAPER

WATERPROOF MEMBRANE

SEALANT

WOOD STUD WALL it
SUBFLOOR ——

J ——
BAND JOIST

TAR PAPER AS BOND BREAK
/ — CONCRETE PORCH
C

TREATED WUDSILL——F__—

2

FOUNDATION WALL 3
—/
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SUBFLOOR

BAND JOIST
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EXTERIOR FINISH
1" INSULATING SHEATHING

WATERPROOF MEMBRANE

TAR PAPER AS BOND BREAK
SEALANT

TREATED MUDSILL o

FOUNDATION WALL > 8

NN
47 STONE PAD (NO FINES)
UNDISTURBED / COMPACTED EARTH

Building Science Corporation

Control joint al steps
in foundation wall

Control joints
at corners

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

Control joints at
window openings

Diagonally cut 2 x 2's in forms

Saw cut joint
provide goose nack joint
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Internally Insulated
Basement

Basement Insulated Both

Basement Insulated in
Externally and Internally
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Structure of house on G
foundation must be
shifted outward to com- <

pensate for thickness
of exterior insulation <=

Protection layer/system
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No drying to the interior possible
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Electrical
/ outlet

Building Science Corporation o Ltk Fount o Building Science Corporation P —— @
Surface Tension: Wettable Capillary Pressures
Water attracted to Water attracted to self . _
surface more than self more than surface * Result of surface tension = attraction to
6<90° 8> 90° surfaces

— pressure varies with pore size

i —e.g., height rise in a glass tube

Surface tension up

Gravity Down

normal material: hydrophobically treated:
“wettable” “non-wettable”
Building Science Corporation Building Science Corporation
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Calculating capillary rise Capillary rise versus diameter

100 7
90 4
80 4
70 4
60 1

50 4

capillary rise [inch]

40

30 1

20 4

10 4

0
0.00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10
diameter [inch]
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Capillary Flow Capillary Flow

Example: Sand, siding laps
» Eg. : Crushed stone, air gaps Smaller pores

« large pores - no suction (“wicking”) - some wicking (inches to feet)

V)

Building Science Corporation Building Science Corporation
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Capillary Flow- concrete sucks

Example: Clay or silt
Wicking (dozens - hundreds of ft)

Building Science Corporation Building Science Corporation
Joseph Lstiburek — Foundations 45 Joseph Lstiburek — Foundations 46
Capillary break on |
exterior foundation wall
Capillary break under
F

Concrete slab

Polyethylene
vapor barrier
Granular
capillary break
and drainage
pad (no fines)
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Capillarity + Salt = Osmosis
® ® O]
Evaporation
* Mineral salts carried in solution by capillary water 2 ? ? TN
*  When water evaporates from a surface the salts left behind form W ;
crystals in process called efflorescence 07 : K
*  When water evaporated beneath a surface the salts crystallize
within the pore structure of the material in called sub- T
efflorescence comtme
+ The salt crystallization causes expansive forces that can exceed
the cohesive strength of the material leading to spalling
Building Science Corporation Building Science Corporation
Joseph Lstiburek — Foundations 49 Joseph Lstiburek — Foundations 50

Diffusion + Capillarity + Osmosis =
Problem
+ Diffusion Vapor Pressure 3 to 5 psi
» Capillary Pressure 300 to 500 psi
« Osmosis Pressure 3,000 to 5,000 psi
Building Science Corporation Building Science Corporation
Joseph Lstiburek — Foundations 51 Joseph Lstiburek — Foundations 52
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WA Lime mortar “ealen” away
over time “sacrificing”
itsolf 10 prosect brick and

P\ Masonry units
o>
P\ Evaporation from thick lime-

based mortar rendering

CLLAS

Building Science Corporation
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L
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LI

- Mortar “eaten” away as
drying happens from within
the mortar matrix

ind 6n surface
cryst

AP Evaporation from surface

film of water

colae
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- Clay block infill walt
Paint coating - Wood furring
Stucco rendering - Wall board

/
Rise

Building Science Corporation
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Ground slopes away.
from wall at 5%
(6in. por 101t}

Seatant, adhesive or gasket

Fibergiass batt insutation
Sealant

Seatant, adhesive or gaskel
Sill gasket

Concrete foundation wall
Untaced extruded or
expanded polystyrena rigid

insulation (semi-permeable
with taped or sealed joints)

Gypsum board thermal
barrier necessary when
rigkd insutation is not rated
for apphcation

Gypsum board over
furring strips
Seatant

Gypsum board held up from
siab

Concrete slab
Granular
capitary break

and deainage
pad (no fines)

Building Science Corporation
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~—— Sealant

Gypsum board thermal
barrier necessary when
rigid insulation is not rated
for exposed application

Gypsum board over
furring strips

Gypsum board held up from
slab
Polyethylene vapor barrier

Granular
capillary break
and drainage
pad (no fines)

Building Science Corporation
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Rigid insulation -

Sill gasket

Concrete stem wall

Concrete footing
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Plastic or synthetic

wood nailer strip
mechanically fastens
“skirt” to wall

Polyethylene “skirt"
(minimum 10 mil) or
membrane roofing
extending 6 to 10 feet
from foundation
perimeter

12" of soll protection
(allows sod to grow)

Breathing gap can be coated
with cement “parge” coat and
painted with latex paint to
reduce water absorption but
still permit drying to exterior

Leave gap between top of "skirt™
and top of foundation wall
(minimum 127) to allow
foundation wall to dry out

New 3" concrete slab

Polyethylene vapor barrier;
turned up at wall

Building Science Corporation
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Frame
o Plastoriiath interior kning
Clapboards -
I Bown celluloso caviy Sl
Rosen paper Timber frame
Board sheathing 3 speay polyurethane foam

(217" censity)

Intumescent coating

Maenbrane capilary break/
drainage plane

Concrete patch
Existing slab
Epoxy lop coat

Building Science Corporation Building Science Corporation
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3" spray polyurethane foam
(2 Ib/ft® density)

[ 94— 1'/2" metal stud wall

#—— Gypsum board thermal barrier

— %" drainage mat (filter fabric side
| facing up)

’ — 2" extruded polystyrene (XPS)

r New concrete slab
J
|y
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Plywood subfloor
Top-side epoxy coating
Vapor semi-permeable assembly

allows moisture to pass in a
slow, controlled manner

Extruded polystyrene; unfaced,
no polypropylene or foil facing

1x4 furring (16" 0.c.)

4 Goncrete. slab

Joseph Lstiburek — Foundations 99
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Intermediate
foundation wall

Pige connection through
{ooting connecting exterior
perimeter drain 1o granular
drainage pad under
basement slab
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e Vant stack

Contienous polystyiens
vapor barier/air barrier

(ad jounts taped)
~ Parfocated drain pipe trench
covered with course gravel

(0o fines)

Sealant at all paneirasons in
air barmier

Sealant at all
penetrations in
air barrier

)

ja——— Vnt stack

Polyethylene
vapor barrier

/ Concrete slat
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Capillary Moisture Flow

Stucco Insulation

Bulding paper e IntiofiOF GypEUM bOAID
= Makd on gypsum board

Bottom plate decay /,| Sose

‘ (viny)

Ground saturated
adjacent to slad

loundation due to
Irrigation water

&N

Lstiburek
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Capillary break under
framing (polyethylene
strip)

Latex paint (vapor
permeable, but watel
repellent) Ly
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Rigid insulation

(taped or sealed joints)
Polymer modified (PM) or
traditional cement stucco

2x6 wall
Untaced batt insulation
Gypsum board with semi-vapor

Lath permeable (latex) paint
Tyvek™ StuccoWrap® Sill gasket
Weep screed Sealant, adhesive or gasket

Protective membrane also acts
as capillary break

3/g" Hardiboard; all

)
surfaces coated

Building Science Corporation
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Rigid insulation —————
(taped or sealed joints)

Tyvek® StuccoWrap®
Fire-rated gypsym board

4" concrete slab

Polyethylene vapor
barrier under stab

- Gypsum board with semi-vapor

— Sealant, adhesive or gasket

May 9, 2014

2x6 wall
Unfaced batt insulation

permeable (latex) paint
Sill gasket

4" granular capillary
break and drainage
pad (no fines)

F

Building Science Corporation
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Beccyenes Unitaced batt insulation
Ar space

g Gypsum board with semi-
Rigid insulation vapor permeable (latex)
(taped or sealed joints) paint
Stainioss stoel nwum\i, 7

05 (penotrating insukaing
sheathing into frame wall)

Flashing under -
g insulation
Protoctive membrane

Qlso acts as flashng and
capitary break

Weep opening (;

open
vertical joint every other  \IY
brick) -

Fiberglass te
away —-I

Ground slopos.
from wall at 5%
(6 in. per 1011) .
Concrete grade beam ——— 1
for brick veneer
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