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o Solutions
 case specific
« But ... fundamentals are general
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« termites, (1),
« staining
« shrinkage/swelling
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Weitting Watting Rising Damp / Sorption | Condensation
Process “wicking” adsorption
Moisture apor: in air, adsorbed to internal material surfaces
Storage Liquid: bound in capillary pores, in voids, pools and depressions
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Process
Maoisture Vapor: interior and exterior air
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o Material performance thresholds

o Modeling
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WVlglsttire Paysies

« Moisture Storage
o Moisture Transport — diffusion, capillary
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Triag Poleir Volaetfe WVlglsttire a5 a1 Gels (Weltar Velgor)

Vegollr Pragsire

Polair Irnglications

« = more collisions with walls (higher pressure)
« = pressure simply another measure for moisture content

o Surfactants
» interact with water at surfaces
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» Liquid molecules repelled by hydrophobic
« E.g., try a pin hole in housewrap
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SUlEECENIENSIOIVELLEIIE

Water attracted to Water attracted to self
surface more than self more than surface

&< 90° 8=ap°
normal material: hydrophobically treated:
ey “wettable” “non-wettable”
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Czolllzlry Suection Prassire

Silicon dioxide (glass) — attracts water
Result - meniscus, capillary suction
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Caglllziry Prassires

Surface tension up
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Caglllzipy Flse gaiyedr) olziies Particle Size vs Czoll ey Sitictior)

« one end is non-polar (sticks to oil and grease)
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Netit)re of Porolls \Veirarizls

— - Vacuumsaturation - — = — — — — —

[— = 24hrcold absorption = = == = == = =— = — =

o Nature of material is as important as nature
of water

Cumulative % oi_TowI Volume
o
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Pore Radius (m)
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Slrole Moczls

solid matrix
air/vapor mixture

liquid island
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Aclsoratlor) Lower Fx

Aclsoreael Seiie gf \Volsit)re

o Very important for porous materials with
large surface areas
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Wzt flellg = Bt of gtlpfeles zlpezl

Assuming

[~ spherical particles
and cubic packing
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Aclsorodel Volsitre

One layer of molecules
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Aclsorodel Mlolsitre

Multi- layer of molecules
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Relative Humidity
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Aclsorodel Mojgit) e

Multi- layer of molecules
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Multi- layer of molecules
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Relative Humidity (%)

Vga Supersaturation - all pores filled
t . Free Water:
< E: Supersaturated Regime . .
§ p. .g E Supersaturated Regime
= Capillary Saturation
g Wap
E f f : Absorbed Water:
& D: water in pores, capillary suction =>" o
9 P SLER D | capillary Regime
2
S .
S crit C C: Interconnected layers,
B L B (internal capillary
A ;‘;ﬁv condensation)
Adsorbed Water:
y’/ Hygroscopic Regime
B: Multiple layers of
| adsorbed molecules
1 1 1 1

A: Single-layer of
adsorbed molecules
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« €.g., brick 5 to 20% by weight
o Over-saturated range

« water drains from material

« €.9., crushed stone

25-05-19 T Goiorooo (EEEETIETRN
& N>

56

30% -
to 140%
25% +
° —e— concrete
S 20% 1 —=brick
] —e— cement stucco
s
§ 1506 | —a— softwood
e
2
2 10% +
>
5% +
0% u i i T {
Aate 0% 20% 40% 60% 80% 100%
E Relative Humidity

Dr John Straube Presentation Moistur
Physics

e

20

—0O— Spruce
—a— Plywood
—— Fibreboard
—2— Red Brick
—+— Mortar
—e— Concrete
—o— Stucco
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relative humidity (%)
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material moisture content
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SOIUGIINEST

vapor and air

ght container _\ _

saturated salt or
water solution
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Swellirie) Catsine) CLrvini)

Swelling on Bottom Side
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Waael Swellirief ziniel Srirlnicle)e

Wood: water content and size
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Wood expansion
Concrete Shrinkagg:

SIHCCORSHARKATESS

12



B clk expansion

Concrete Shrinkage &

pADEShTKAgE
Siiceoiealls

o Shrinkage swelling
« Reduce range of RH
« Reduce rate of change
« Reduce cross grain!

74

Molsitre Transgort
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Wlglsttira TR relplsgo fie

« vapor (diffusion and air leakage)
« adsorbed

76

Elejiiiel ilowy

o Air pressure varies

» wind typically < 100 Pa (0.015 psi= 2 psf)

« short 1000 Pa bursts (0.15 psi = 20 psf)
LN

w051 =
8 > 4

s About 10 000 Pa/m (1.3 psi/yd =15 psi/33 ft)
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Caolllziry Flow
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Celgillziry Flowm

Pragsire ziniel \asorry Permezlnce

Suction Pressure

-125-100 -75 -50 -25 0 25 50 75 100 125

TEri00, .1 Pressure Difference (Pa) 4,
N 4

Jrolleztions

\WVeliadr Papairaition Veenznlsan)

Czolllzley Flows cogleraig steis

Water drawn into
crack by capillarity

Hydrostatic head:

highest entrance to
deepest exit

Hypothetical area of

- bonded mortar in head joint
terloo, o

81
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Particle Size vs Caolllelry Stctior)
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| Room temperature and
humidity conditions

open container ~

supports
water

rhl@ Maintain water level at the surface of the sample +3/-0 mm
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Elefulcl ireinsoonis wWetiliri)

Small capillaries have large
suction and large flow resistance

Large capillaries have less
suction and little flow resistace
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Elefuiel irainsgo e Wetiliri)

Small capillaries have large
suction but large flow resistance

Large capillaries have less
suction but little flow resistace

90
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Elejuycl irainsoori: weitirie)

Small capillaries have large
suction and large flow resistance

Large capillaries have less
suction and little flow resistace

WEPOEEAVELIING

Small capillaries have large
suction and large flow resistance

Large capillaries have less
suction and little flow resistace

Elefuyiel ireipsoo i wWeiiirie)

Small capillaries have large
suction and large flow resistance

Large capillaries have less
suction and little flow resistace

Elejuiicl irainisgores wWettirie)

Small capillaries have large
suction and large flow resistance

Large capillaries have less
suction and little flow resistace

SPOIEAVELING

Small capillaries have large
suction and large flow resistance

Large capillaries have less
suction and little flow resistace
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Elcjticltransgaris recligtrlottior)

Small capillaries
have large suction
and large flow
resistance

Large capillaries
have less suction
and little flow
resistace

16



Elejuieliraipsoore: raclisiflottion)

Small capillaries
have large suction
and large flow

resistance

Large capillaries
have less suction
and little flow

Elefulel iraipsoort: raclisiglotten)

Small capillaries
have large suction
and large flow

resistance

Large capillaries
have less suction
and little flow

resistace resistace
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: raclisirlolfiop)

Flycrgonaoie

Small capillaries
have large suction
and large flow

resistance

Large capillaries
have less suction
and little flow

resistace

LE650RLEELEELET
SRR

98

Wettar Mg ggllgrits

material material

equilibrium

Small capillaries
have large suction
and large flow

resistance

Large capillaries
have less suction
and little flow
resistace . X
Normal, capillary Hydrophobically
active material treated material

102

99 g 5-05-19
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Ceolllelry greene

Wetigr Velgollr Trefsgort

« flow through cracks and holes
= vapour is along for the ride

50519 - ey 104

Velgotle BIffusion

s« €.g., concrete, brick, stone
» Some stop, or practically stop it
« crystals, or micropore
.« €.g., many plastics , metals, glass
iEzioo gt g y p (poly) 9

S B s e 1
N 05
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Velgollr Parmeslo)liy Vegzst rennen)t

Procedure BW

106

Trig TLgoaryEre stepclzrel

air & vapor

/" tight lid

vapor tight seal
vapor and air
tight containers

saturated salt
or water

w051 e 107
N _J

Vegollr Parrmearice s Rl

Example of Building Paper
Test Results ©

“Permeance”
changeswithrRIE

OLher tiransport
MECHANISMS s WKk
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Aclsorodel =lewy

tightly bound
AR sy

1 molecules; no
surface diffusiod

diffusiog
of loosaly boung

capillary
transport and
surtace diffusiod

RH, > 95% RH,>RH, p, >p,

(COIMPEVIENVIECHIZRISIATS

r, > g2 2223 dd T,  Tightly bound
RH, Fickian e RH, adsorbed molecules --

5 v no surface diffusion
w1 iiiiiiiiiiiiiiiiiiiiii Py e T

RH,<30% RH;<RH, Pv,>Pv, T,>T, E.g. Cold and humid
outside
warm and dry inside

! ! ! ! ! !ggggggg Tz Surface diffusion flow

r1

RH, s Fickian diffusion s RH, direction opposes
b, vapour diffusion !
= P2

RH,<80% RH,<RH, p,>p, T,>T, 111
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Vegollr Parrmearice: Silicco
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Result of Adsorbed Flow
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Relative Humidity
N

Velgollr Barrlers/Raterelars

corliro) velgallr diffusion]

climates

o Semi-permeable barriers allow more design
flexibility (and more drying)
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Air Moisture Content

Diftusion |4

Distance Through Wall
Flow Through
Approach

Air Moisture Content

Temperature
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Air Moisture Content
Temperature

Distance Through Wall

Sun Driven Diffusion
Wetting

Air Moisture Content

Air Moisture Content
Temperature

Air Moisture ContéBt
]

o Air leakage is much more
critical

o Walls sensitive to diffusion-
related condensation will be
more sensitive to air leakage

WA

Air leakage vs Diffusion I

i

Alrilow

Airflow driven by

stack, wind,or
mechanical
_-
! -
oo ’\’ +
Air leaks through Diffusion
cracks -10°C 50 0°C 50 10°C 50 20°C 250 30°C 0 40°C
14°F 320F 50OF fenpadue(C G8OF 86°F 1040 F

Vel s Belrrlers

e Measurement Units
o perms ng /(s:-m2-Pa)
o perm grain/(hr-in Hg- ft2)
« WVT grams/(sq ft/24 hours)

050510 E_mﬁ 126
N 4
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Sussllelry IIgisit e T relsgost

AT BERAENS

Molsitrae Triresrioldds
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WVleitdrial Pagiormnzpes Frrasaeolels

» Freeze-thaw
» Dissolution/Dissassociation
e Also, mechanical properties, insulating,

133

Papiorplepes of Wplei?

o Assemb stucco over steel stud
o Enclosure - wall, joints, window

o Building - 12 storey apartment bldg

« Site - seashore or sheltered

ALEHi00,, 5 e 134
@ >
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\Wlziia izl Pario fiplelples

« “No Wrong Material,
Just Materials Used the Wrong Way”

137

Florida Pier
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Siige] Corrasion orl aplel Zirle €arrasior)

Rate
(9/m?/day)

o Zinc galvanizing is sacrificial
o Factors

« Temperature (Arhenius Law)
« Time of Wetness (TOW)

« pH of environment

jaterioo,e, Salinity

basic

139 142

_ ?_, M
N i ~ Corrosig
E orrosion
144
o g
124 —&0 | !
40 M o e e | £0E
3 10 100 90 80 70 60 50 40 30 20
= —30 Relative humidity %
55 —2
g —10
S s —0
4
2
1]
78 80 @o a0 95 100
Hourly Average Relative Humidity (%)

orl ancl Sigal Corrasion

Rate
(g/m?/day)
—
0 7 14
(Acid) pH (Base)
' Bos19 141

Dr John Straube Presentation Moisture
Physics 24



Mlotllel G rovyvip @ Stirizeas

0c/32F Temperature 50C/120F
o Food Source (cellulose, soap, wood, oil)

o pH - usually less than 8 - 10
aterl 15-05-19 oo |
b e 145
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Propability
of growth

From: Klaus Sedelbauer PhD Thesis
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From: Klaus Sedelbauer PhD Thesis
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Ralatives huridiy (3]

From: Clarke, Bldg & Environ

&5
r‘hg'mmme = 5 =

15 20
Tomperatum _("C)

Wage] Baczly

0C/32F Temperature 50C/120F

rhﬁoo)&ﬂs-w Bokor:

[h Sch.siors] com

. Highly species, sample, exposure dependent
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Freaza-iplelyy

o rate of freezing
» pores size distribution
o liquid diffusivity

152
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« Gypsum becomes goo
« paper unglues

g e 155
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Mieroelippeie

L d a(c
Vapour Possible
Pressure

156
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Mieroelippeis

o ... when thinking about moisture

e
g e
N _J
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