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Motivation for the Study

• Historically concrete has been specified and 
placed using prescriptive specifications 

• 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 
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Project Objectives

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
• Development of new, or improvement test 

procedures 
• Correlation between transport properties and   

existing ‘durability’ tests.
• Develop guidelines to relate permeability, 

exposure conditions, and field performance for 
use in specifications and quality control
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Project Scope 

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

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

• Phase III: Develop New or Improve Existing 
Permeability (Transport) Testing Procedures.  
Develop Protocols to Use these Tests, Evaluate 
the Precision and Bias of these Tests
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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 I - Survey of methods is complete; 
final draft of methods in use (survey) and 
available methods (lit review) is being written

• Evaluation of Transport Tests 
– Sorption
– Diffusion
– Permeability

• Potential Application of Fluid Ingress in a 
Partially Saturated System (Pavement)
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Phase I – Review Tests Available, 
First Principles, Cost, Data

• For Each Test – Review Stimulus-Response
• Scientific

principle
• Cost
• Time 
• Conditioning

Samples
• Accuracy
• Data Obtained
• Advantages and Disadvantages
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Review of Tests (Example)

Test method Lab 
method 

In-situ 
method Duration Simplicity* Basic 

concept Limitations Commercially 
available 

Price 
 

Germann 
Water 
Permeability 
Test (GWT – 
4000) 

X X 40 min 2 

Water 
pressure 
(absorption) 

 Yes 
• Germann 

Instruments 
(www.germann.org) 

 
 

4250USD 

Figg-Poroscope 
Method 

X X 40 min 1 

Water 
pressure 
(absorption) 

It has relatively 
poor 
repeatability 

Yes 
• James Instruments 

Inc. 
(www.ndtjames.com
) 

• Qualitest 
(www.worldoftest.c
om) 

James: 
4895USD 
Qualitest: 
5085 
USD 
 

Field 
Permeability 
Test (Florida 
Test) – FPT 

X X 40 min 2 

Pressurized 
water 

 No  

Ion 
Migration 

        

Resistivity - 4 
point (Wenner) 
Method 

X X Few 
minutes 2 

Applying 
current and 
measuring 
potential 

• Sensitive to 
surface 
contact 

• Sensitive to 
the presence 
of rebar 

• Temperature 

Yes 
• AEMC Instruments 

(www.aemc.com) 
 

2250 
USD 
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Phase II – Evaluate Tests

• Review Different Test Methods Using 
Reference Materials

• Summarizing By Category
– Electrical Analog 

(RCPT, conductivity, Wenner probe)
– Water Absorption (various standards + others)
– Air Permeability (South Africa, Swiss)
– Fluid Permeability (not covered today)
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Electrical Conductivity
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Direct Conductivity, Embedded 
Electrodes and the Wenner Probe

• Request from Florida DOT to examine 
the use of the Wenner probe

I
aVπρ 2

=
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Mechanism of Electrical 
Conduction in Concrete

Concrete is a composite:

• Solid phase (unhyd Cement, CSH, 
CH,…); σsol ≈ 10-9 S/m

• Liquid phase (pore solution);
σliq ≈ 1 S/m to 20 S/m

• Vapor phase (air voids, emptied 
pores); σvap ≈ 10-15 S/m 

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

(Christensen 1993)

(Aplin 2005)

Solid Vapor

Liquid

Flow of electricity is essentially ionic and through 
material’s liquid phase

-
-

-

-

-

-

-

-
-

-

-

-

-

-

-
-

-

-

-

-

-

+
+

+

+

+

+

+

S/m

10-18

Air

10-12 10-6 1 10+6

Cem CSH Pore fluid
Agg

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


Pooled Fund Study Update to the TTC October 6th,  2009 Slide 13 of 22

φβσσ ot =

σt: concrete conductivity (S/m)

σo: pore solution conductivity (S/m)

φ: liquid volume fraction

β: avg. liquid connectivity 
(describes liquid tortuosity and 
constrictedness)

Straight Pore (β=1)

 
El

ec
tro

de
 

 
El

ec
tro

de
 Tortuous Pore (β<1)

Constricted Pore (β<1)

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

Modified Parallel Law to 
Model Concrete Conductivity

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

• 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
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Absorption
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Initial Sorptivity
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Automated Approach
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Comparison automated vs 
standard sorption test
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Air Permeability

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

• Currently being built
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Using Transport Properties to 
Understand Joint Behavior

Understanding the fluid 
transport in saw-cut 
geometries

• X-ray absorption 
• Numerical 

Simulations using 
transport inputs

• Fluid properties
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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

(a) (b)

(c) (d)

X-ray Absorption

M. Pour-Ghaz, F. Rajabipour, J. Couch, and J. Weiss (ACI-SP 2009)
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Numerical Simulations

Saturated hydraulic conductivity (Ks)
related to saturated permeability

Solving Richard’s equation
with FEA (non-linear)

θ: volumetric water content , h: pressure head
K: unsaturated hydraulic conductivity, τ:  time

x: spatial coordinate

Using desorption 
spectra with van 
Genuchten and 
Mahlems approaches

M. Pour-Ghaz, F. Rajabipour, J. Couch, and J. Weiss (RILEM 2009)
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Experiments vs Simulation

(a)Horizontal ingress

(b) Vertical ingress
M. Pour-Ghaz, F. Rajabipour, J. Couch, and J. Weiss (ACI-SP 2009)
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Phase IV – Comparison with 
Other

• 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 

tests
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ASTM-G109 Example

• The pond is filled 
with a 3 wt. % NaCl 
solution and 
exposed and 
dried/wet

• 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
• Correlations are being developed for other 

durability related problems
• Open House In Spring
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