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& Several Projects Link Together

o

Sawcutting, Timing and Damage
Saturation and Freeze-Thaw

Conceptual Model for Damage

Saturation in Joints (Filling and Absorption)

Absorption vs Degree of Saturation

Viscosity and Surface Tension

Relative Humidity Drying and Wetting

"he Role of Artificial Drying

'he Role of Sealants

‘oward a Computer Model That Can Be Used
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Saturation in the Joint
‘~ FT and Crystalization

Salt Crys. \
2nd Cut

Water-Salt Solution

Initial Cut \High Degree of
Saturation Zone

Damaged
Region due to
Saturation

Weiss and Nantung 2005
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Saturation and
Freeze-Thaw Damage
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Experimental Procedures

* Freezing and thawing
— 6 DOS: 96%, 92%,90%,
86%,82%,78%
— 1 cycle per day
(10°C to -18°C)
e Acoustic emission
— Passive: acoustic energy

— Active: transmission
time (wave speed)

— Active: relative dynamic
elastic modulus
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Relative Dynamic
Modulus (N=6)

12% Paste Alr
4% Concrete AlIr

31% Paste Air
8% Concrete Air
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85
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SPR 2941 — Freeze Thaw Damage

Damage Modeling Concepts

Capillary and gef pore From Fagerlund, 1986, Barde 2006

~
O.»O\O ‘%OQ °. /e @

Entrained Air

N T
. O O O
O O o ®
@ o @ o @ o
d<d W<W. S<S d=dez W=W, S=Sg d>dy, W>Wg S>Sg,

o Conventionally it Is assumed that concrete
IS becoming more saturated as water enters

 There Is a volume and minimum spacing
the critical feature is DOS not air volume
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SPR 2941 — Freeze Thaw
Damage Modeling Concepts

Capillary a\nd gel pore
0 .0 O
S
O .o

Entrained Air
N

Conventionally It is assumed that concrete

IS becoming more saturated as water enters
Olek et al shows the pore space reduces
over time as well resulting in ‘critical condition
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Time (d) :
6 64 100 144 196 256 Tlme (d)

I4 1|6 316 6|4 10|O 1A|f4 19|6 256

Li et al. to be Submitted

12% Paste Air

31% Paste Air

To Reach 88%

4% Conc Air — 0.4 years |,
6% Conc Air — 6 Years
8% Conc Air — 6 Years

|
14 16
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20 | —a—cacl,
| —e— MgCl, (c)

0 | | |

0 10 20 30
Concentration (Mass %)

Spragg et al. submitted 2010

Fixed RH Atmosphere

e

Water Salt Solution
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‘Drying’ with Salts

Y
—— DI Water
—®— MgCI2 0.9%
—c—— MgCI2 30%
—a— CaCl2 0.96%
—=#—— CaCl2 32%
—&—— NaCl 0.7%
—o—— NaCl 23%

| | | | | | | |
0 24 48 72 96 120 144 168 192 216

Spragg et al. 2010 Time (h)

Joint Deterioration - Pooled Fund Study April 26th, 2011 Slide 11 of 21

r
(D)
(@)
@®

n o
0 S
o wm
—
« O
8(\1
< &
< €
h\
O -
-

S =
o0
>
&
&
N




No Sealer — 4 different Soaking Solutions (56 Days).

Awaad et al. 2010
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3 e,

%
f*%"lf y: Task: Evaluate Sealer, Pore Blockers

and Water Repelling Materials

s ,I-) .

 Develop a testing methodology that assesses the
Impact of sealers, pore blockers and water repelling
materials on delaying or preventing signs of
concrete-salt-moisture deterioration.

Develop a protocol for evaluating different sealers,
pore blockers and water repelling materials.

Develop specification language for material
gualification and application for pavements with
signs of concrete-salt-moisture deterioration.

The work will evaluate the properties of the fluids
that bear the salt and the impact of these properties
on ingress.
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Plain Reference Penetration = 6.5 mm
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e All sealants Golias 2010
effective at

& 6

reducing the = +—+
amount of water > | :
absorbed g4 e et |
At 42 days (6 23 e et |
WEELS) < [
— 83% reduction with %

sealants #1 and #2 B
— 75% reduction with .

sealant #3 0 7 14 21 28 35 42

Time (d)
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>

—@— Plain
—a— Sealant #1
—6—— Sealant #3

Cycles
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Pour Ghaz et al. 2009

Joint Deterioration - Pooled Fund Study

WAL

1D

Distance of moisture front from
edge of the notch (mm)

Distance of moisture front from
edge of the notch (mm)

April 26th, 2011
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Viscosity

e Diffusion slower

* Absorption slower
X() = 4K ycos(0)
onr
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Y (1x10® N/mm)

Why Is Viscosity Important
Sealers and Salts

(y/n)()'ssolution / (y/n)O'Swater
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Beginning Work on Early
Damage Detection Approaches
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Summary

 Hypothesis Plausible — Absorption to
Saturation then Damage is Instantaneous

Air Delays the Rate of Saturation
Salts have slower absorption & alter drying

Recent investigations of sorption important

Sealers appear to work but discrepancies
are noticed with temperature (working
hypothesis to separate sealers)

Modeling work nearing a point where we
have a sufficient idea of inputs
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