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» Historically concrete has been specified and
placed using prescriptive specifications

e States and agencies have begun the shift
from prescriptive specifications to end result
or performance based specifications.

 Though several states have experimented
with performance specifications, this has
been slowed by a lack of testing procedures,
especially as they relate to transport

Pooled Fund Study Update to the TTC October 6th, 2009 Slide 2 of 22


http://sports.espn.go.com/ncaa/clubhouse?collegeId=2509�

Develop a test procedure that directly evaluates the
transport properties of concrete and relates these to
anticipated performance with the use of exposure
conditions.

« Evaluation of existing transport test procedures

e Development of new, or improvement test
procedures

o Correlation between transport properties and
existing ‘durabillity’ tests.

* Develop guidelines to relate permeabillity,
exposure conditions, and field performance for
use in specifications and quality control
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Project Scope

e Phase I: Literature Review of Concrete
Permeabillity (Transport) Test Procedures and
Models that Link Tests with Performance

 Phase II: Evaluate Promising Concrete
Permeabillity (Transport) Tests and Recommend
Procedures for Further Use

 Phase Ill: Develop New or Improve Existing
Permeability (Transport) Testing Procedures.
Develop Protocols to Use these Tests, Evaluate
the Precision and Bias of these Tests

Pooled Fund Study Update to the TTC October 6th, 2009 Slide 4 of 22


http://sports.espn.go.com/ncaa/clubhouse?collegeId=2509�

Project Scope

 Phase IV: Correlate Permeability (Transport)
Tests with Laboratory Tests that Evaluate
Durability

 Phase V: Develop Performance Criteria
Guidelines that Relate Permeability
(Transport) Tests with Exposure Conditions
and Performance

* Phase VI:Preparation of Technology
Transfer and Educational Materials
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Update of Progress

 Phase | - Survey of methods is complete;
final draft of methods in use (survey) and
available methods (lit review) is being written

o Evaluation of Transport Tests
— Sorption
— Diffusion
— Permeability

* Potential Application of Fluid Ingress in a
Partially Saturated System (Pavement)
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Phase | — Review Tests Available,
First Principles, Cost, Data

e For Each Test — Review Stimulus-Response
« Scientific

principle
e Cost
 Time
 Conditioning
Samples ety o\
e AcCCU racy \ nlr:rr_:f.l

e Data Obtained
« Advantages and Disadvantages
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* Review Different Test Methods Using
Reference Materials

e« Summarizing By Category
— Electrical Analog
(RCPT, conductivity, Wenner probe)
— Water Absorption (various standards + others)
— Air Permeabillity (South Africa, Swiss)
— Fluid Permeability (not covered today)
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Direct Conductivity, Embedded €
Electrodes and the Wenner Probe

 Request from Florida DOT to examine
the use of the Wenner probe
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Mechanism of Electrical

Conduction in Concrete

Concrete Is a composite:

o Solid phase (unhyd Cement, CSH,
CH,...); 6o = 10 S/m

(Rajabipour 2006 based on results of
Hammond and Robson 1955)

« Liguid phase (pore solution);

=) G, <~ | S/mto 20 S/m

]
(Christensen 1993) '

. : : : Agg
Vapor phase (alrv0|1dSS, emptied Air Cem CSH Pore fluid
pores); Gyap = 107> S/M | —'—E | l s
(Aplin 2005) ' ' '
1018 1012 106 1 10+6

Flow of electricity is essentially ionic and through
material’s liquid phase
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Modified Parallel Law to

Model Concrete Conductivit

» Considers pore fluid as the only conductive phase in concrete
 Pore fluid can be in capillary or gel pores or in aggregate pores

Ot = 0P

G;. concrete conductivity (S/m)

Electrode

D
o
o
S|
|
(&
2D
LLl

G . pore solution conductivity (S/m)

¢Z liquid volume fraction

ﬂ: avg. liquid connectivity
(describes liquid tortuosity and

constrictedness)
(Garboczi 1990, Christensen et al. 1994, Rajabipour 2006)
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Sorption Test

e Determine the rate of absorption (sorptivity) of
water by measuring the increase in the mass of a
specimen as a function of time when only one
surface of the specimen is immersed in water

w
o

Absorption

[

econdary Sorptivity
Initial Sorptivity

0 25 50 75

n
o
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stopcock 1

stopcock 2

l

Specimen Support
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Comparison automated vs
standard sorption test
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Ailr Permeability

e Swiss and S. African approaches investigated
with the Swiss shown here

e Currently being
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Using Transport Properties to
Understand Joint Behavior

en damage is seen in transve'f;é"
Understanding the fluid longitudinal joints in pavements,

transport in saw-cut
geometries

e X-ray absorption

 Numerical
Simulations using
transport inputs

e Fluid properties

Metal Reference
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Obtained images using
X-ray absorption:

(a) Original image
(b) Cleaned image

(c) Moisture front and
profile locations

(d) Normalized image
where yellow is dry
and blue is water
filled
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Solving Richard’s equation
| | 00 _ 0 | [on o
with FEA (non-linear) or ox| \ox

0: volumetric water content , h: pressure head

K: unsaturated hydraulic conductivity, t: time
X: spatial coordinate

Saturated hydraulic conductivity (K,)

K=K,K
related to saturated permeability o

R 0.4 P

. . EE os- !
Using desorption S5

spectra with van £ E 02+ -
E €
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M. Pour-Ghaz, F. Rajabipour, J. Couch, and J. Weiss (RILEM 2009) RH
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Phase IV — Comparison with
Other

e Purdue and NRMCA

— Examining mixtures with sustainable binders

— G109 Samples to relate corrosion with sorption
and diffusion test results

— Sorption and diffusion tests
— Freeze thaw tests with sorption and diffusion

CESIN i | rc [ 2owia | oL | ousiouse

om0 [ Yem [ | | Vel _
| 045 | Yesm | Yesm | Yesm |  Yeswl |

050 | Vesh | vesm | verm | verl
om0 [ verh | | | eem
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 The pond is filled
with a 3 wt. % NacCl
solution and
exposed and
dried/wet

e Two water to
cement ratios will
be tested for
correlation with
other tests
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Summary

 Work is On Time and On Budget
 Lit. Review Highlighted Numerous Tests

 Test methods are being preliminarily
evaluated

* \Work Is using properties to predict
performance for practical problems

o Correlations are being developed for other
durabillity related problems

e Open House In Spring
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