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Final Findings and Response

The Forensic Investigation of Early Cracking on I-25 in Denver, Colorado report was issued in late September 2001.  The Forensic Team consisted of the following nationally known asphalt experts:

· Mike Anderson, P.E. Asphalt Institute

· John D’Angelo, P.E. Federal Highway Administration

· Gerry Huber, P.E. Heritage Research Group

The Response Work Group was established to discuss the findings and respond to the recommendations of the Forensic Team.  The CDOT retained Forensic Team identified the following three factors, which combined to cause the premature cracking on I-25. 

A. Higher in-place air voids than expected.

B. Low effective asphalt content

C. Segregation within the mat

It was agreed that the focus of the Response Work Group should be the recommendations of the Forensic Team in lieu of validating the findings of the Team.

Members of the Response Work Group are as follows:

· Reza Akhavan, Terry Evans, Donna Harmelink, Jim Zufall, Bill Schiebel, Eric West, Scott Shuler, Marshall Shackelford, and Tom Peterson

Recommendations and Response
The recommendations of the Forensic Team (italics) and the discussions and responses of the Response Work Group are listed below.   

1. Surface Mixture Type 

Forensic Team (Authors’) Recommendation: Consideration should be given to using a rut-resistant surface mixture with a greater asphalt binder volume on high-traffic pavements.  This can be accomplished through the use of a mixture with a smaller nominal maximum aggregate size, such as a 12.5 mm mixture.  The use of stone mastic asphalt (SMA) should be considered.

Discussion: Using a smaller nominal maximum aggregate size may increase the asphalt binder volume, however, because of a higher total surface area, it may not increase the effective asphalt binder volume.  Due to a higher AC content, smaller size aggregate mixes (SX) are more costly.  Smaller nominal maximum aggregate size mixes are less prone to segregation.  SMA mixes performed well on CDOT roadways.    CDOT Region 3 and Region 5 currently use SX as the primary mix.  The other four regions tend to use Grading S as the surface mix.  A number of states are using smaller nominal maximum aggregate size mixes.

Response: 

1. The use of smaller nominal maximum aggregate size mixes should be researched along with other viable surface mixes (e.g. ultrathin surface mixes). A research study proposal on SMA and ultrathin surface mixes (Durable Wearing Surfaces for HMA) has been approved for funding by the Department.  The Response Work Group will review the study proposal before implementation. 

2. The level of use of SMA should be evaluated and its continued and increased use should be considered.  The evaluation and current use of SMA should be included as a critical element of the study discussed in Response #1 above. 

3. CDOT should evaluate the current use, cost, and future selection of surface mixes (S, SX).  The following table identifies the current CDOT use and cost of HBP Grading S and Grading SX mixes.[image: image1.wmf]January, 1997 to March, 2001
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For most Regions, a choice between either S or SX mix has been established based on historic performance experience, local conditions, and materials availability. Region Six began using S mixes due primarily to lower cost for performance that was expected to be similar to the smaller Superpave mix sizes. Region One provides the best comparison between S and SX due to crushing. Non-polymerized (Neat) S mix is slightly less than two dollars more per ton than a similar SX mix.
 
SX Users:  SX is used in Regions Three, Five and parts of Region One. Region Materials Engineers report that the finer SX mixes produce pavements with high durability, low segregation and minimal rutting. These Regions also routinely pay for binder separately to allow for mix control during production, higher AC and more durability in mountain conditions. Region One selects SX mix based on project location and has good experience in using them west of I-25. S mixes are used on I-70, I-25, and all roads east of I-25 in Region One. Region One also typically pays for binder separately west of Idaho Springs. Rutting is not reported as a problem by the Regions who use SX mixes.

S Users: S mix is used in Regions Two, Four, Six, and the majority of Region One. The Regions report that they experience some minimal rutting, however, some high traffic intersections in the Denver metro area do experience isolated significant rutting typical to localized areas with heavy traffic loading. Segregation is more common with the S mixes as reported by these Regions.

Conclusion and Recommendation: SX mixes have a very successful record in Colorado. Durability is a primary reason for the use of SX by Regions Three, Five and One, and rutting does not appear to be more common. This is largely due to the uniform materials properties required for all of CDOT’s current Superpave mixtures. Use of SX mixes in selected high traffic metro areas will give important additional performance experience.  SX mixes should be specified on selected projects in high traffic locations and performance should be monitored.

SX mixes are suggested for thinner lift  (i.e. 2”) applications.  The benefits of using SX mixes are the following: a) higher lift thickness to aggregate size ratio, b) reduced potential for mixture segregation, and c) improved workability.  

The Response Work Group suggests that CDOT consider developing statewide guidance on mixture gradation selection.  The guidance will be incorporated into the next issue of the CDOT Pavement Design Manual and will explain the benefits and applications of SX type mixes. The CDOT Asphalt Program will be responsible for completing the update to the Design Manual.  Furthermore, CDOT should evaluate whether or not the use of S mixes in the wearing course should continue.   

There is currently national research with NCHRP 9-9 to validate the current Ndes gyration recommendations.  There is a similar study being conducted in Colorado by CDOT Research.  These studies will examine if the current recommendations for Ndes are adequate or if there needs to be adjustments.  It is quite possible that adjustments to Ndes will be recommended.  These recommendations may have a desirable effect on the design asphalt binder volume.  Implementation of these recommendations should be strongly followed as the research is completed.

2.  Density Measurement

Forensic Team (Authors’) Recommendation: CDOT should consider refinements to the density testing method.  As an alternative to using a correlation between nuclear density gauge readings and core density, CDOT may want to consider measuring cores directly for density acceptance.  The Department should evaluate selected projects using both cores and nuclear gauges.  The Department may want to consider using the Corelok device for measuring bulk specific gravity as part of the evaluation.

Discussion:  There are advantages and disadvantages of using cores and the nuclear gauge for density measurement.  There are applications where the nuclear gauge is advantageous.  There are advantages in taking more core correlations to ensure accuracy of the measurement.  There needs to be guidance on how often to correlate and what situations should trigger the need for core correlation. There should be language within the check-testing program that clarifies when the core correlation should be performed.  Using more readings for each test should be considered.  There is a growing trend by other state DOTs of moving more towards using cores for density acceptance and away from nuclear gauge.        

Response:   

1.The CDOT standard for the use and frequency of core correlation should be evaluated.  In addition, the current practice of nuclear gauge testing should be evaluated.   The costs, advantages/disadvantages, etc., of using core correlation and improved nuclear gauge usage should be evaluated.  

The following is the recommendation for future density measurement. 

a) Daily core correlation for the improvement of nuclear gauge usage was rejected due to the associated increased cost.  Additionally, it was determined that if cores were to be taken daily, then we might as well use the cores for acceptance.

b) Cores for information only would be piloted on a project during the upcoming construction season (FY 03).  On this pilot project, CDOT would continue to perform nuclear gauge densities for QA at the core locations.  Three-4” cores/500tons would be taken at each location.  This information would be reviewed and compared to the nuclear gauge test data.   Cores would be taken before opening the pavement to traffic unless otherwise approved and in no case more than 24 hours after placement of the asphalt. 

The data would also be used to determine if there is any benefit to taking more than one core.

c) Nuclear gauge correlation would be required as part of the Contractor’s QC plan.  QC would continue to be performed using nuclear gauge readings.

d) Implementation:  A working group will be formed in the Fall of 2002 to study the results and provide recommendations to the Response Work Group.  

2.  Corelok:  There are potential benefits in the use of the Corelok device.  Staff Materials has obtained a Corelok device from Instrotek for test and evaluation.  Use and evaluation of the device will begin in the spring of 2002.  There is a national study currently underway on the precision of the Corelok vs. conventional procedures and a new ASTM standard is under development.  The Response Work Group suggests that CDOT stay abreast of Corelok device technology and continues to monitor and evaluate its use in Colorado. 

3.  Asphalt Binder Content

Forensic Team (Authors’) Recommendation: It is recommended that the Colorado DOT perform a study of asphalt content by different methods and determine if there are any issues of interest to the department.  The I-25 pavement would have performed better if the volume of asphalt binder was closer to the design value, or if the design asphalt binder content was higher.  The use of an asphalt ignition oven for acceptance testing should be evaluated as part of the study.

Discussion: Current efforts are underway within Staff Materials on this subject.  Test results may have more to do with sample location than test method.  There are currently three different locations allowed for sampling mixtures to determine asphalt binder content.  An evaluation of the three sampling locations needs to be conducted.  This includes the method of sampling behind the paver and before rolling so that it is compatible with AASHTO T-168.  

The mixture design used for this project was consistent with the current Superpave mixture design technology of the time of this project (1997).  Improvements have been made to the technology and implemented by the Department since that time.  

CDOT is also conducting research on asphalt binder content using the different testing methods.    

Response: The Response Work Group agrees with the Forensic Team Recommendation and suggests that CDOT perform a study that evaluates the three different locations for sampling for asphalt binder content. CDOT Asphalt Program and DTD’s Asphalt Research Program will conduct the study during the 2002 construction season.  

CDOT and national research on AC content by various methods is very valuable and should continue to be evaluated.

4.    Mechanical Properties of Asphalt Mixture 

Forensic Team (Authors’) Recommendation: The Colorado DOT may want to undertake further research to identify the selected test method and criterion to minimize the possibility of mixtures with poor cracking resistance.  

Discussion:  Research is being conducted at the national level to evaluate different methods of asphalt mixture strength testing.  This research is not expected to reach fruition in the near term.

Response:  The Response Work Group suggests that CDOT stay current with this research and evaluate its future use in Colorado at a later date.

5. Testing for Segregation 

Forensic Team (Authors’) Recommendation: Segregation was identified as one of the causes of the longitudinal cracks.  It would be helpful to have a test to identify segregation, particularly segregation that is not visible from the surface.
Discussion:  There is currently a joint CDOT and Industry task force effort to address statewide segregation concerns. In October 2001 the task force issued an improved specification to alleviate historic problems with the identification, measurement and remediation of visibly segregated areas of pavement. The specification relies on destructive methods of coring and gradation analysis to measure the segregation. The specification is expected to be a great improvement over the historic specifications, but is being used as an interim step until the task force can fully develop a segregation spec that will rely on non-destructive methods and impact contractor pay. 

The task force is making good progress on gathering information on the various alternatives for non-destructive measurement of segregation for payment of the contractor.  The clear favorites at this time are measurement of texture with laser and measurement of surface temperature with infrared.  The ROSAN and the temperature bar appear to be the best devices to take these measurements. The task force has had educational presentations from researchers and users of existing equipment and is progressing toward validation of new equipment for use as part of the future specification. Bill Schiebel can provide complete details on the current status and future plans of the Segregation Task Force. 

Response:  The Response Work Group suggests that CDOT continues its emphasis on segregation and the effort of the joint CAPA/CDOT task force should continue as a high priority.

6. Pavement Rehabilitation Strategy

Forensic Team (Authors’) Recommendation: Various options were identified and dependent on funding levels.
Discussion: The options presented are valid.  Maintenance crack sealing is in progress and should continue to reduce the rate of deterioration.  

Response:  The Response Team suggests that Region 6 evaluates the options and strategies discussed prior to rehabilitation project programming.

7. Properties of the Asphalt Binder

Forensic Team (Authors’) Recommendation: The properties of the asphalt binder used on this project were studied and although it is believed that the binder properties did not contribute to the pavement distress there were unexplained issues identified with the recovered binder properties.  It is suggested that the CDOT remain current on binder testing issues.

Discussion: Much discussion focused on what happened to the asphalt binder properties on the project.  A number of efforts are currently underway by the asphalt binder supplier’s organization to evaluate what could have happened on this project.  The characteristics of the project have been simulated and the binder properties measured.   There is a lack of confidence in extraction and recovery technology to ascertain true modified asphalt binder properties of the in-place pavement.  The use of solvents for extraction is an issue nationwide. .  However, CDOT has upgraded the specifications for asphalt binders over the past two years and currently has an asphalt binder specification that is consistent with industry standards.  

We should reference and review field study reports on the use of modified asphalt and the use of non-modified asphalt. Additional cores have been taken. 

Within the past year, two new improved practices have been implemented by CDOT regarding the handling of asphalt binders.  These are Asphalt Binder Supplier Certification (CP-11) and the Field Binder Management Plan for contractors.  These are now in-place and are expected to improve the handling of asphalt binders by suppliers and contractors.      

Response:  The Response Work Group agrees with the recommendation of the Forensic Team.  The Work Group further suggests that CDOT stay current in national research in how binder properties change over time and how the recovery process impacts the test results of recovered samples.   

CDOT has adopted Performance Graded (PG) asphalt binder specifications that are current with industry standards.  In addition to industry standard PG binder specifications, CDOT has addendum specifications that help further assure quality materials are used in the manufacture of modified PG binders.

CDOT also has a documented binder quality standard known as Colorado Procedure 11 (CP 11).  This standard specifies minimum requirements and procedures applicable to all suppliers and HBP contractors providing PG binders on CDOT projects.  This is accomplished by a certification system that evaluates quality control and specification compliance tests performed by the supplier and the HBP contractor according to their quality control plans.
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