

November 2011

Progress Statement for
Implementation of Concrete Pavement Mixture Design and Analysis (MDA) Track of Concrete Pavement Road Map
1. Scope of Pooled Fund
The work to be covered by this pooled fund addresses focused activities under the Concrete Pavement Road Map (CP Road Map) Track 1, Mix Design and Analysis.  The activities are intended to meet some of the needs identified by the track.  These include the need for:

· Verification tests that are easier to perform or better characterize materials and mixtures, both for uniformity control and for acceptance.
· Relationships and models that predict the performance of a mixture based on knowledge of the characteristics and proportions of the materials in it.
· Guides and Specifications that help users make good decisions, and make clear who is responsible for what and how it will be measured and paid for.
· Communication and education tools that help practitioners stay abreast of innovations being developed under this pooled fund.

Other activities under the mix track, that are not part of the pooled fund, are discussed in the attached Framing Report for Track 1 of the CP Road Map.

This pooled fund is being set up to address specific tasks within the Road Map, notably those tasks that can, and should, be addressed in the short term, with high probability of achieving significant improvements in the quality and uniformity of concrete mixtures.

2. Detailed program

Evaluation of Emerging Testing Equipment
This project involves the evaluation and implementation of promising tests currently under development, and new tests needed, that can be used to evaluate concrete ingredients and mixtures.  
Portable XRF Evaluation

If performance based specifications are to become more acceptable, there is a need to be able to verify that a mixture delivered to a given site contains the correct materials in the given proportions used in the verification testing during design stage.  At present there is no good way to do this, but the topic is worth investigating.  Portable XRF devices are reportedly available that may prove invaluable in this application
A device was borrowed from a manufacturer and tested on a variety of paste and mortar mixtures containing typical ranges of supplementary cementitious materials.  This work has been completed and the device returned to the manufacturer.  The findings showed that the system was sufficiently precise when testing paste mixtures, but the error when testing mortars was large.  This error is introduced by the variability inherent in a small portable device, and the effects of testing systems containing significant amounts of water.  
These data have been presented to the TAC at NC2 in Spring 2011, and a technical paper submitted to an international conference scheduled for Summer 2012.

Acoustic Device to Measure Set Time
Monitoring the rise in temperature due to hydration of a fresh mixture provides a tool to assess the uniformity between material and concrete batches, as well as indicating setting times useful for saw-cutting operations.  An alternative approach that may be more fundamentally sound is to use acoustic methods to determine when the speed of sound in a mixture starts to accelerate – thus indicating that hydration is affecting the microstructure of the system.
Attempts were made to obtain such a device but the company was seeking to patent it, and was unwilling to release it for evaluation.  At a meeting of the TAC at NC2, it was agreed that this work would be dropped and replaced with developing a testing protocol for integral waterproofing admixtures.

Integral Waterproofing Admixtures

A number of products are being marketed that reportedly act as integral waterproofing admixtures.  There is no standard approach to assessing these products, and in a review of the manufacturers literature, it is not possible to compare data because different tests have been conducted.  The aim of this task is to develop a standardized protocol that would enable specifiers and owners to consistently evaluated and compare different products.

Materials have been obtained from five manufacturers and included in mixtures with fixed proportions.  The effects of the materials on fresh and hardened properties have been measured, including using several permeability tests.  The tests are completed and are being analyzed.  A report, guide specification, and technical paper are being prepared

Foam Drainage Test.

This test shows promise as a means of assessing the risk of air void loss based on the ingredients in the mix.  The correlation between lab data and field performance needs to be established.
Samples have been obtained from 11 construction sites in WI, where field data on air void systems before and after the paver have been collected by others under a WIDOT funded project.  The samples are being used to run foam drainage tests in the laboratory.  Testing has been started.  No data are available yet.

Modeling
It is also planned that under this project some immediate issues such as “How much air is really necessary?” and “How do I specify a good grading” can be addressed.
Air Void System
Seminal work conducted by Klieger in the 50’s on which we base our current limits on air content and air void system parameters was conducted using no supplementary cementitious systems and a single type of air entraining admixture.  Some of the recommendations of this work need to be verified as still appropriate for current cements, SCM’s and air entraining admixtures, all of which have changed significantly over time.  

This work is nearing completion at Oklahoma State University (OSU).

Mix proportioning
ACI 211 has recently dropped proportioning of slipform pavement mixtures from their scope of work.  ACI 325 will likely pick it up.  It would seem that there will be benefit in approaching mix proportioning from a more fundamental view point rather than simply modifying the empirical approach used by ACI 211.  
Time has been spent developing the approach and procedure, including identifying the critical parameters.  Laboratory work is starting at ISU and OSU to develop suitable test methods for workability, and to quantify the effects of changing cementitious and aggregate systems.  A preliminary philosophical paper has been submitted to an international conference in 2012.
Mixture Testing and Analysis Guidelines (Specifications)
Changes and innovations to the way we do things can only be achieved within the context of specifications.  It is therefore critical that appropriate guides and specifications be developed and implemented.

Guide specification and commentary
A first draft of the guide specification has been prepared and reviewed by the team.  Revisions are being inserted and work has started on the commentary.  Names have been identified to serve on a TAC and they will be contacted soon.
Check Sheets

As a supplement to the guide specification, it is planned to develop check-sheets for different parties involved in the development of a mix design.  They will help inexperienced practitioners make appropriate selections for the tasks they are conducting (e.g. preparing a specification or selecting aggregates).  It is also intended that decisions are made at the correct location (e.g. slump is selected by the contractor rather than the specifier).
This work will begin when the guide specification is nearing completion.

Training, and Outreach
An integral part of any significant change to the methods or process of mix design is education.  Users from all parties have to be made familiar with what has changed, why it was necessary, and how it affects the way they do things.

Activities that will be required to support the other tasks in this project include the following.  Details of when and how these will be implemented will depend on progress in the other tasks.
· Field trials to demonstrate and validate new tests

· Field trials to demonstrate and validate new models

· Field trials to demonstrate and validate new specifications

· Training materials as needed

This work will be accelerated when other tasks are further developed.

3. Technical Advisory Committee

A Pooled Fund Technical Advisory Committee (TAC) has been established comprising representatives of states contributing funds to the project.  The committee meets every six months in conjunction with the Technology Transfer Concrete Consortium (TTCC) pooled fund TAC meetings.  

PAGE  
1
November, 2011

