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Freeze-Thaw Damage
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Freeze-Thaw Damage
Freezing Temperatures
Water

Susceptible Brick
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Susceptible Brick
Firing Temperature
Vitrification
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Calculating capillary rise
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Capillary rise versus diameter
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Gypeum, hydrated from plaster of poris and water,
porasiry 30 per ceni.

r

Figure |

b

Figure 1b. Brick, sintered clay, porosity 40 per cent.
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SR fendening E |4— Vertical wood furring

Masonry wythe Plaster and lath

Interior

Exterior
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Sill
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Sealant —/
drip edge
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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
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Clay block infill wall
Paint coating - Woad furring
Stucco rendering " Wall board
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Concrete slab

Polyethylene
vapor barrier

Granular
capillary break
and drainage
pad (no fines)
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Liquid applied membrane
waterproofing

Air seal

14" rigid insulation

Flanged window

Plywood spacer

Trim closure

Concrete sill

1x2 backdam

2x6 waood buck
2" spray applied foam
insulation (closed-cell,

Exterior wythe (repointed high-density)

or coated with polymer _

cemen: slurry) #f—— Uninsulated stesl stud
assembly

Multi-wythe masonry wall —— g’ Gypsum board
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Interior lining
(gypsum board)
Interior framing
Spray-applied polyurethane foam
(2 Ib/it® density)
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*— Interor lining
igypsum board)

\— Cellulose cr ‘iberclass
cavity insulation

Multi-wyihe mass —.
wal

\
e Wood frame wall
(©xA)

\
— I'luid-applied water control layer
(vapor semi-permeszble)



Multi-wythe mass
wall

cimicasiia

Cellulose or fi
cavity insulation

Wood frame wall
(2x6)

Fluid-applied water control layer
(vapor semi-permeable)

Cementitous rendering
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Stainless steel /
flashing /

Trim

Paver —
Waterproofing
extended up
wall to reglet
\ \ .
\ \ Drainage mat

‘— Waterproofing
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Parapet cap flashing —,
sloping to interior
with drip edges

Parapet flashing ——»

Slope \
P \
- N\ |~ Plaster “filler’
4 .Y for slope
supporting
flashing
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1x4 wood furring attached through —

rigid insulation to 2x4 wood furring 2%
N
2x4 wood furring mechanically - \\\
attached to masonry wall \\ X Cladding
b S /’

IMNuid-applied water control - N N\ P Joi : :

2 . R ; 8 , — Joints of’set horizontally
layer and air ccnt-ol laye % N % , 34 P and vertically with each

leyer taped
P a Masonry wall

\—— Interior plaster and lath
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2" semi-rigid mineral fiber insulation;

seams offset horizontally and verticzlly ~— Fiber cement oanel

2x4 wood furring mechaniczlly “NMeveal” in panel joint
attached to masonry wall \\\ / P J
Fluid-applled water control / Spacer/joint backer

layer eénd air control layer
1'/" semi-rgid mineral
fiber insulation

Metal hat

ehanhol _—— Masonry wall

Interior plaster and lath
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Plywood or OSB

Fully-adhered membrane

Fluid-applied water control
layer and air control layer

N
SR

fT—__r-_.

y Metal cap flashing

Plywood or OSB

Metal counter flashing

New roof membrane
/ Plywood or OSB

Y

|

NS

Existing roof membrane
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Hoat Hashing

o W5t s3ack

%

7 Croeoreta slab

/ Paysmyens vapar
S/ barder
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pad I3 HNGs)

Perlorabad drain pipe aldded
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3" spray polyurethane foam
(2 Ib/ft* density)

17/2" metal stud wall

Gypsum board thermal barrier

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

-

-

— 2" extruded polystyrene (XPS)

l— New concrete slab
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- Plywaood subfloor

Top-side epoxy coating
Vapor semi-permeable assembly )
allows moisture to pass in a = E""“?ed polystyrene', _urfﬂaped,
slow, controlled manner ne pelypropylene or foil facing
/ 1x4 furring (18" o.c.)

. —

li

o] e e 5 L i O P e R : oo
n © “ Concreteslab -
. ) . ral

.
A e o

Building Science Corporation
Joseph Lstiburek 219



Building Science Corporation

Joseph Lstiburek 220




Building Science Corporation

Joseph Lstiburek 221



Building Science Corporation

Joseph Lstiburek 222




Carwt ot W ot vt iyl lupdng

& Nl 1o0r g dues i breute) \
My” PPACKS (TAG = NATOW 0I00E ——————, \
WUSUT 1000 \
\
0 neulator (eanuded paYsIVent —  —— N .

wiliced o coyrecpies o ol facers) '\ '\ N\

. . \
Arspace N N N\ \,

\ Ny M W

Dirrpled phadtic shimt manibxane - \\ NN X
(sir tight ancf gas hichy \

Vapcr pressurs on ‘cp of-
eladb and urder slat
aqndin‘i thamhy stapping
Capillary wans‘ef ol water
and scluaby e mineral salts
(molature cortent in nir
“epace aid under slab
remains the samre:

Le.“wet’)

Building Science Corporation
Joseph Lstiburek 223



Building Science Corporation

Joseph Lstiburek 224



Building Science Corporation
Joseph Lstiburek 225



Building Science Corporation
Joseph Lstiburek 226



Building Science Corporation

Joseph Lstiburek 227



Building Science Corporation
Joseph Lstiburek 228



Building Science Corporation

Joseph Lstiburek 229



Building Science Corporation
Joseph Lstiburek 230



“—— Polvethylene vapor
harrier

Granular base

N

Building Science Corporation

Joseph Lstiburek 231



Wood flocr ——

N

Felt slip sheet — _~

in mastic

Granular base

Joseph Lstiburek 232

Building Science Corporation



Building Science Corporation

Joseph Lstiburek 233



Waood loor ——

Topside fluid-appled
vapor barrier

~—— Concrale
slao

Polyethylene vapor
barrier

e Granular base

Building Science Corporation
Joseph Lstiburek 234



Building Science Corporation
Joseph Lstiburek 235



Building Science Corporation

Joseph Lstiburek 236



Vood Hoor ——
N

Y

-~
-

concree —,

——— Extruced nolystyrene
(XPS) rgid insulation

— Granular base

Building Science Corporation
Joseph Lstiburek 237



2NN

Plain

Building Science Corporation



Hollow Back

Building Science Corporation
Joseph Lstiburek 239



Drainage mat

Spray polyurethane
foam

Interior frame

<« Interior lining (gypsum
hoard)

Concrete ‘cap”

Extruded polystyrene
rigid insulation (XPS)

Wecod sheathing subfloor
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From the US Army Corps Engineers Extreme Frost Peneiration
(in inches) based on state averages.
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