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Comparing Stress and Strength
When a Cut Exists

Tensile Strengt]
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Stable Cracking | | Unstable Cracking Time

Joint Deterioration - Pooled Fund Study April 26t 2011 Slide 4 of 62




LR What happens if we have a
A

& shallow or deep notch?

 The deeper the notch, the sooner the
visible cracking, the less the potential
for random cracking

Principal Stresses at 22 Hours

D/3 D/4 D/6 D/8

L . [ 2 . 85
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Saturation and
Freeze-Thaw Damage

Good Durability

Poor
Durability

There is a critical
saturation that
makes concrete

susceptible
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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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Freeze-Thaw Testing
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Li et al. submitted
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Why is DOS Important
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Li et al. to be published 2010

1
Freeze-thaw cycles
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Relative Dynamic
Modulus (N=6)

12% Paste Air
4% Concrete Air

31% Paste Air
8% Concrete Air

Li et al. to be Submitte
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SPR 2941 — Freeze Thaw Damage

Capillary and gel pore From Fagerlund, 1986, Barde 2006
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SPR 2941 — Freeze Thaw Damage

Capillary @fl gel pore From Fagerlund, 1986, Barde 2006
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e Conventionally it Is assumed that concrete
IS becoming more saturated as water enters

 There Is a volume and minimum spacing

=‘”" —”I" —
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Interpretation of the Sorption Test

« We will revisit
this idea later
to make it more
robust

However for now
we can assume
we are using
absorption from
ASTM C 1585
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Role of Transport Properties in
Understanding This

Entrained Air %
0.0 % Air
5.0 % Air

6.5 % Air
8.0 % Air
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Secondary Sorptivity (x10 -3 mm/s©?)
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Air Void Filling

 Insert Olek et al work on Air Void Filling
Here
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SPR 2941 — Freeze Thaw
Damage Modeling Concepts

Capillary and gel pore
\

Entrained Air
~

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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An ldeal Longitudinal Joint

Water-Salt Solution

Initial Cut/
Crack / Backer Rod

Weiss and Nantung 2005

Joint Sealant
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Less Ideal Case — Damaged Seal

2nd Cut — ‘ Water-Salt Solution

Initial Cut/ Joint Sealant
Crack

Backer Rod

Weiss and Nantung 2005
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| east Ideal Case — No Crack

2Md Cut — \

Water-Salt Solution

Initial Cut \High Degree of
Saturation Zone

Damaged
Region

Weiss and Nantung 2005
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Experimental Procedures (Like ASTM

C1585 but improved conditioning)

Time (d)

1|6 3|6 6|4 10|O 14|f4 15?6 256

e 2 sided water
absorption

e 25 mm thick
(100 mm dia.)

e Circ. Sealed

o
—-

31% Paste Air

12% Paste Air

Absorbed Water | (mm3/mm?2)

Li et al. Submitted

i i i i i i i i
0 2 4 6 8 10 12 14 16

Time (d°5)
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Experimental Procedures

 Degree of Time (d)

Saturation 0 4 16 3 64 100 144 19 256
iS more 1 Li et al. to be Submitted

Important Z 12% Paste Air
(Castro et al)

31% Paste Air

To Reach 88%

4% Conc Air — 0.4 years
6% Conc Air — 6 Years
8% Conc Air — 6 Years
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Surface Tension and Viscosity
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» Viscosity changes with solution
Spragg et al. 2010 e With temp as well 23 to 10 = 1.7x
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Relative Sorptivity

Slower
absorption of
fluids with
deicers

NaCl theoretical ™ \\\
¢ NaCl measured NN
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Relative Humidity Measurements

J§ T conol
o

Water Pipes

))
Sample Holde
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Sample RH Sensor

Castro et al. 2009




Relative Humidity Measurements

80 — -
~ 60 —
D
= i i
T 40 _
i — NaCl - Lura et al. 2008
20 | —a—cacl,
| —e— MgCl, (c) Fixed RH Atmosphere

0 | | |
0 10 20 30

Concentration (Mass %)

Water Salt Solution

Spragg et al. submitted 2010

Joint Deterioration - Pooled Fund Study April 26t 2011 Slide 31 of 62




Drying (Desorption) Testing

Castro et al. 2009
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Effect of Salts on the
Degree of Saturation (LWA)

(] I (] I (] I (]
—@— De ionized water

—A— Synthetic 6h pore solution
—l— Synthetic 24h pore solution
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Castro et al. 2009
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Drying a Specimen
Containing Water
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Drying of Specimens With Deicer
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e Mass Increase
« Surface absorption ?
e Mass loss at low RH

Joint Deterioration - Pooled Fund Study April 26t 2011 Slide 35 of 62




‘Drying’ with Salts
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Concrete Pore

Comments

e Powers 1958
 Range of Sizes
e Pores ‘want

to be wet’ Capillary Pores

Diamond 1999 w/c = 0.45

20 micron
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Graphical Version of Powers Model
Water to Cement Ratio = 0.50

Chemical Shrinkage

Gel Water
Hydrated Products
Cement
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Influence of the Water to Cement Ratio

(Sealed — Complete Hydration)
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Important Aspect of Testing

 Many people test with unrealistic drying
conditions to accelerate damage

 Many people do not think about this
 Some pushing for “fast” ASTM standards

Microcracks

| 80% RH
Oven Dry
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Damage in Saw Cut Slab Test

23% NaCl [l 30% MgCl, 32% CaC}

No Sealer 4 different Soaking Solutions (56 Days).

Awaad et al. 2010
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Results of a Potential Sealer
(Sponsored by the Soy Association 06)

1 Control Sample
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Chloride Penetration
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Tasks: Evaluate Sealer, Pore Blockers
and Water Repelling Materials

 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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Water Absorption

» All sealants | oline 2010 %
effective at —~ 6 %
reducing the S .
amount of water < | I
absorbed g 4 e ceamm# |
At 42 days (6 33 e et
WEELS) < [
— 83% reduction with %

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

O " I ‘ I I ‘ I I ‘ I I ‘ I I ‘ T
sealant #3 0 7 14 21 28 35 42

Time (d)
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SME Absorption

gobservationz
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Testing for Sealers

Hydrozo®
Enviroseal® 40
SME

Control
Wet/Dry
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Water Absorption

» All sealants | oline 2010 %
effective at —~ 6 %
reducing the S .
amount of water < | I
absorbed g 4 e ceamm# |
At 42 days (6 33 e et
WEELS) < [
— 83% reduction with %

sealants #1 and #2 B
— 75% reduction with
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Freeze-Thaw Durability (ASTM 666A)

Freeze-Thaw Failure Threshold
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Freeze-Thaw Durability (N=280)

Untreated Sealant 3-D1 Sealant 3 - D2
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Freeze-Thaw Durability (N=280)
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X-Ray Beam
Source

X-ray Absorption
and Beers Law

Useful
Beam

I AN -Detector

Cement
Paste

Vapor

ly , 1, l, L,

Source
Water Aggregate

Detector

1(t) = 1, 5exd- (7, 3V, + 1. V. + 1,0V, +n, 3V, )]
Paradis and Weiss 2007

th, 2011 Slide 56 of 62
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X-ray Absorption

(a) Original image
(b) Calibrated image

(c) Moisture front and
profile locations

(d) Normalized image

Pour Ghaz et al. 2009
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Source Geometry

point source

Pour Ghaz et al. 2009
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Viscosity

e Diffusion slower
O @.. ° Absorption slower

X([’) :\/@
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X-ray Absorption

X-ray absorption images 1, 15
and 60 minutes after
Introduction of solution to
the saw-cut:

Left: Water
Right: SRA (salt solution)

 The effect of viscosity

and surface tension of
fluid

The effect of geometry
of sample and saw-cut
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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)

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