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TITLE

Using Resistivity Measurements to Develop a Formation Factor Specification 
BACKGROUND / NEEDS STATEMENT

Electrical resistivity measurements are becoming a potential tool for assessing early and predicting later-age concrete performance.
 ADDIN EN.CITE 
1-4
 The existing “best” test method, the ASTM C1202 (Rapid Chloride Permeability, RCPT) has many well-known shortcomings. Several shortcomings are that the test: is slow and time consuming, is destructive, is prone to errors caused by sample heating, fails to capture idiosyncrasies associated with SCMs and has time constraints in mixtures incorporating SCMs.
 ADDIN EN.CITE 
5-7
 Despite these limitations, the concrete community has not yet developed and validated a test method that is fast, reliable and user friendly.  Resistivity measurements have been proposed as one potential solution; however they can unfairly provide advantages to select cement sources.  This can be resolved by using a formation factor approach.  This research need statement focuses on the need to develop a far more reliable concept called the formation factor.  The formation factor (F) provides a better assessment of transport properties for use in predicting long-term concrete durability performance, and is related to ratio of the resistivity () of the bulk concrete and resistivity (o) of the pore solution.
 ADDIN EN.CITE 
2, 8-11
 
RESEARCH OBJECTIVE

The objective of this project is to develop a table of (simple and measureable) formation factors, based on resistivity, for very low, low, moderate, and high permeability concrete mixtures.  The results will also provide for a proposal to replace current w/c limits in specifications.

WORK TASKS

Tasks anticipated in this project include the following:

· Task 1: Obtain field samples, mixture designs, and constituent materials from various SHAs for surface resistivity measurements, RCPT testing, and pore solution analysis.  

· Task 2: Perform resistivity, RCPT, pore solution measurements on laboratory cast concrete of varying composition and w/cm (SCMs, portland limestone cements, and lightweight aggregates).  The incorporation of lightweight aggregates will involve a correction (to be developed in this project) due to their conductivity. 
· Task 3: Evaluate the relationships in literature between cement chemistry and pore solution resistivity.
· Task 4:  Develop a draft specification based on the outcomes of this project to inform the end user of how to run the test, collect data and interpret the results.  The data from Tasks 1-3 will be used to develop a table of formation factors for the specification based on resistivity for very low, low, moderate and high permeability concrete mixtures. 
URGENCY

Electrical resistivity is a very hot topic in terms of service-life prediction.  This is evidenced by a myriad of research projects funded by state DOTs and federal dollars and a burgeoning presence in publications, reports, short communications and tech briefs.
 ADDIN EN.CITE 
1-4, 8-10, 12, 13
 The community is calling for a specification based on resistivity several SHA’s and FHWA have begun proposing a table with ranges of resistivity values, similar in aim to the current RCPT.  It has been proposed that simply implementing a specification table based on resistivity is a potential major mistake for the concrete community and this approach would allow this to be overcome.  This research is timely as it would enable this error to be avoided allowing the specification to be based on the formation factor, which is faster, more economic, scientifically valid and superior to the current RCPT test.
FUNDING REQUESTED AND TIME REQUIRED
It is estimated that this research will take 12 months to complete and will require $100,000.   
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