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1: BACKGROUND 
 

The Wisconsin Highway Research Program (WHRP) Steering Committee commissioned an 
implementation pilot program in 2006 to facilitate the incorporation of research results into the 
programs, standards, and processes of the Wisconsin Department of Transportation (WisDOT).  
The program had two main objectives, the first of which was to provide additional funding for 
each WHRP Technical Oversight Committee (TOC) that allowed researchers to work with 
WisDOT in providing technology transfer presentations and developing draft specification 
language or design/construction guidance based on the results of the initial research project.  The 
second objective was to identify processes and committees responsible for initiating changes that 
integrated research results into the standard practice. 
 
To support these implementation activities, the WHRP Steering Committee approved $60,000 in 
funding, with the intent to distribute evenly amongst the four TOCs to promote implementation 
of completed research projects that showed promising results.  The following projects were 
selected: 
 

Table 1:  Summary of FY 2006 Implementation Activities 

TOC Title Researcher 
Flexible Pavements Implementation of Project 0092-01-02:  Using 

the Gyratory Compactor to Evaluate 
Mechanistic Properties of WisDOT Mixtures 

Ahmed Faheem – UW 
Madison 

Geotechnics Implementation of Projects 0092-45-15,45-18, 
00-12, 03-12:  Equivalency of Alternative 
Working Platforms and Their Pavement 

Design Strength Contribution 

Tuncer Edil – Geo-
Engineering LLC. 

Rigid Pavements Implementation of Project 0092-04-11:  
Research and Development of the Application 

of the FHWA’s HIPERPAV Model 

Mauricio Ruiz – The 
Transtec Group 

Structures Implementation of Project 0092-01-06:  
Rehabilitation Techniques for Concrete 

Bridges 

Al Ghorbanpoor – 
UW Milwaukee 

 
All projects were scoped with a 12-month timeframe in order to promote a quick transition from 
an “implementation project” to a tangible change in practice.  Unfortunately, the broad scope 
relative to the level of funding, and delays by both the researchers and the affected WisDOT 
Technical groups caused these projects to be extended 12 months or more.   Detailed descriptions 
of these activities are provided in subsequent sections of this report. 
 
 



2 
 

2:  SUMMARY OF FUNDED IMPLEMENTATION ACTIVITIES 
 
2. 1:  Implementation of Project 0092-01-02:  Using the Gyratory Compactor to Evaluate 

Mechanistic Properties of WisDOT Mixtures 

1. Objectives and Tasks 
 
The main objective of this project was to further refine and promote the findings of project 
0092-01-02 to frame as a practical technology for use by Hot Mix Asphalt (HMA) users 
through technology transfer and supplemental testing.  Testing was conducted to verify 
performance thresholds published through the original research and develop a methodology 
for differentiating between HMA mixtures currently specified by WisDOT.  To accomplish 
this objective the following tasks were defined: 

 Development of a Technical Summary Document and Concept Presentation 
 Supplemental Laboratory Testing 
 Marketing and Knowledge Transfer 
 
2. Proposed vs. Actual Schedule – Summary of No Cost Time Extensions 
 
The original project duration was intended to be 12 months, from August 1, 2006 – August 
1, 2007.  The actual completion date of the project was September 30, 2008, an extended 
duration of 13 months.  Table 2 provides a summary of the no cost time extensions. 

Table 2:  Summary of No Cost Time Extensions – Flex TOC Implementation 

Original End Date
Expected End 

Date
# of 

Extensions
Duration 
(Months) Reason for Extension

3/31/2008 7
Completion of 

Supplemental Testing

9/30/2008 6
TOC Review and Approval 

of Final Report.

8/1/2007 2

 
 

3. Deliverables and Assessment of Implementation 
 
The following deliverables were provided as part of this research and are available on the 
WHRP website (http://www.whrp.org/research-areas/flex/flex_0092-06-08.html): 

 

 Technical Summary:  Results of Previous Research and Motivation for Further Work. 
 Technical Presentation:  December 2006 Wisconsin Asphalt Pavement Association 

(WAPA) Conference. 
 Test Procedure in AASHTO Format. 
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 Analysis Template for Practical Use:  Excel format posted on WHRP website. 
 Final Report:  Summary of results and recommendations for further practice.  Other   

deliverables included as Appendices. 
 

The project established performance thresholds using a wider range of mixture designs in 
terms of both design traffic level and materials.  Thus far, the technology has not been 
widely implemented by WisDOT or industry.  However it is expected that as efforts 
continue related to implementation of the Mechanistic Empirical Design Guide, the 
research will have potential for more prevalent use as a mixture design and quality control 
tool. 
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2. 2:  Implementation of Projects 0092-45-15, 45-18, 00-12, and 03-12:  Equivalency of 
Alternative Working Platforms and Their Pavement Design Strength Contribution 
 
1. Objectives and Tasks 
 
This implementation effort synthesized the results of five completed and one in-progress 
research projects related to the use of different materials, natural and recycled, for use in 
subgrade stabilization.  The projects incorporated into this study are as follows: 
 

Completed 
 

 0092-45-15:  Effectiveness of Geosynthetics in Stabilizing Soft Subgrades 
 0092-45-18:  Field Performance of Subbases Constructed with Industrial By-Products 
 0092-00-12:  Equivalency of Subgrade Reinforcement Methods 
 0092-03-12:  Development of Methodology to Include Strength Contribution of Select 

Subgrade Materials in Pavement Structures 
 0092-07-05:  Development of Testing Methods to Determine Interaction of Geo-grid 

Reinforced Granular Material for Mechanistic Pavement Analysis 
 

In-Progress 

 0092-04-10:  Monitoring and Evaluation of Fly Ash Stabilized Subgrade Constructed 
by Wisconsin DOT 

 
The results of the aforementioned research projects were used to develop a design tool that 
included definition of both equivalent thicknesses and contribution to pavement design 
strength for the eight select material alternatives allowed under the WisDOT Subgrade 
Improvement specification.  The tool is intended for use by WisDOT pavement designers 
and project managers.   
 
2. Proposed vs. Actual Schedule – Summary of No Cost Time Extensions 
 
The original project duration was intended to be 12 months, from August 1, 2006 – August 
1, 2007.  The actual completion date of the project was March 31, 2009, 19 months after 
the original completion date.  Table 3 provides a summary of the no cost time extensions. 
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Table 3:  Summary of No Cost Time Extensions – Geotech TOC Implementation 

 

Original End Date
Expected End 

Date
# of 

Extensions
Duration 
(Months)

Reason for Extension

5/31/2008 10
Completion of 

Supplemental Testing

12/31/2008 7
Completion of 

Supplemental Testing

3/31/2009 3
TOC Review and Approval 

of Final Report

8/1/2007 3

 
 
3. Deliverables and Assessment of Implementation 
 
The following deliverables were provided for this report and are available on the WHRP 
website: 
 
 Final Report:  Recommended revisions to current list of available subgrade 

improvement options and a table summarizing recommended thicknesses and 
contributions to pavement design.   

 Specification Language:  Recommendations and the corresponding table summarizing 
the structural contribution to design of eight select material alternatives have been 
written for inclusion into the Facilities Development Manual (FDM). 

 
The TOC approved these recommendations, submitted by the researcher in March of 2009.  
The changes have not yet been incorporated into current WisDOT design manuals.  There 
will be continued follow to ensure that the recommendations are evaluated in adequate time 
to impact the FDM and other pertinent guidance documents. 
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2. 3:  Implementation of Project 0092-04-11:  Research and Development of the Application 
of the Federal Highway Administration's HIPERPAV Model to Wisconsin 

 

1. Objectives and Tasks 
 
This project was focused on transitioning the FHWA HIPERPAV software customized for 
Wisconsin materials and conditions developed in the original research project from a 
research tool into practice.  Implementation activities were focused on promoting the 
technology and making it readily available to WisDOT and industry.  Specifically, the 
following tasks were defined: 
 
 Workshops to train WisDOT staff, contractors, and consultants within the different 

WisDOT regions. 
 Integration of HIPERPAV into the quality management program (QMP) specifications 

and Facility Development Manual (FDM). 
 Validation of the HIPERPAV model for Wisconsin conditions. 
 
2. Proposed vs. Actual Schedule – Summary of No Cost Time Extensions 
 
The project was completed by its intended end date of August 1, 2007, however numerous 
related follow up activities were funded in subsequent fiscal years.  These activities 
included a HIPERPAV Phase IIa and IIb that focused on providing technical support and 
further refining the software developed in the original research project.  Phase IIb was 
completed on July 30, 2009.   

  
3. Deliverables and Assessment of Implementation 
 
The following deliverables were provided for this project and are available on the WHRP 
website: 

 
 Technology Transfer Presentations:  Overview and Summary of new developments in 

HIPERPAV Wisconsin software.  Workshops were conducted in Madison, Eau Claire, 
and Green Bay, WI. 

 Customized version of the HIPERPAV Wisconsin software available at 
http://www.hiperpav.com/index.php?q=node/103. 

 Final report of all HIPERPAV related activities available at:  
http://www.whrp.org/research-areas/rigid/rigid_0092-08-33.html. 

 
The HIPERPAV software is currently used on a voluntary basis, except in the Northwest 
Region where it is required.  WisDOT is currently considering mandatory use and the costs 
associated with upgrading to the most current version of the software. 
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2. 4:  Implementation of Project 0092-01-06:  Rehabilitation Techniques for Concrete 
Bridges 
 
1. Objectives and Tasks 

 
Implementation activities involved use of workshops and presentations to disseminate, the 
findings of the 0092-01-06 study to a larger audience, and cooperation with WisDOT 
personnel developing specifications language.  These objectives were accomplished 
through the following tasks: 
 
 Preparation and Delivery of Workshops. 
 Specification Development:  Use comments from workshops and WisDOT staff input 

to develop draft specification language. 
 
2. Proposed vs. Actual Schedule – Summary of No Cost Time Extensions 

 
The original project duration was intended to be 12 months, from August 1, 2006 – August 
1, 2007.  The actual completion date of the project was December, 31, 2008, 17 months 
after the original completion date.  These extensions were due to contracting and review 
delays, and were not the fault of the researcher.  Table 4 provides a summary of the no cost 
time extensions. 
 

Table 4:   Summary of No Cost Time Extensions – Structures TOC Implementation Project 

 

 
 
 

Original End Date
Expected End 

Date
# of 

Extensions
Duration 
(Months)

Reason for Extension

1/1/2008 5

Project extended due to 
WHRP Adminstrative 
delay.  Between UW 

Madison and UW 
Milwaukee in executing 

the subcontract.

7/1/2008 6
Delays in convening the 

WisDOT meeting to 
develop specifications.

12/31/2008 6
TOC Review and 
Approval of draft 

specifications

8/1/2007 3
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3. Deliverables and Assessment of Implementation   
 

The deliverables originally provided in the work plan were modified.   In lieu of 
technology transfer workshops to an expanded audience within WisDOT, it was decided 
that a national presentation of the research results would a more appropriate venue.  The 
TOC decided on this change in venue due to difficulties in scheduling regional 
presentations and to take advantage of the opportunity to present at a national level. The 
research project was presented at the Paint and Coatings Expo held on January 28, 2008 in 
Los Angeles, CA.  The presentation included discussion of the research by Professor Al 
Ghorbanpoor and how it is being incorporated into WisDOT practice by TOC member, Ed 
Fitzgerald.  The full summary of the revised set of deliverables is provided below: 
 
 Technology Transfer Presentation:  Given by Dr. Al Ghorbanpoor and Ed Fitzgerald at 

the PACE Workshop.  Available at http://www.whrp.org/research-
areas/structures/structures_0092-06-08.html. 

 Specification Development:  The specification provided by the research team was 
modified by WisDOT as a standard plan section. In addition, the following note was 
inserted into the Standard Plan Sheets: 

 
“STRANDS SHALL BE FLUSH WITH THE END OF GIRDER.  FOR GIRDER ENDS 
EMBEDDED COMPLETELY IN CONCRETE, ENDS OF STRANDS SHALL BE COATED 
WITH NON-BITUMINOUS JOINT SEALER.  FOR GIRDER ENDS THAT ARE FINALLY 
EXPOSED, COAT THE GIRDER ENDS, EXPOSED STRAND ENDS, AND ALL NON-
BONDING SURFACES WITHIN 2 FEET OF THE GIRDER ENDS WITH A NON-
PIGMENTED EPOXY CONFORMING TO AASHTO M-235 TYPE III, GRADE 2, CLASS B 
OR C.THE EPOXY SHALL BE APPLIED AT LEAST 3 DAYS AFTER MOIST CURING 
HAS CEASED AND PRIOR TO THE APPLICATION OF THE SEALER.” 



9 
 

3:  DEFINITION OF A PROCESS FOR IMPLEMENTATION OF 
RESEARCH AND OPPORTUNITIES FOR WHRP INPUT 

 

The second objective of this implementation effort was to define a general process to integrate 
research results into practice.  This included definition of the operational components related to 
implementation in hopes of making the process more quantifiable and efficient.  Successful 
implementation of research is dependent on 1) establishment of guidelines; 2) identifying 
funding mechanisms available, if necessary for implementation; and 3) clear definition of the 
connection between WHRP and WisDOT technical groups to improve the process and use of 
implementation as a performance measure. 

For the 2006 – 2009 fiscal years, each TOC was provided $15,000 annually for the purpose of 
implementation activities.  It was to the discretion of the TOCs as to whether to use these funds 
to add to a new project or to a recently completed one.   Based on the results of this three-year 
pilot program, it was decided that it was counter-productive to differentiate between 
implementation and new research in development of the TOC’s annual research projects.  A new 
concept for prioritization of research ideas was introduced in which the committees consider new 
ideas, implementation activities, and completed projects pending further action in their funding 
cycle.  To support these efforts, WHRP provides a list of all completed research activities and 
their status to the committees in the research prioritization meeting.  This report is defined as a 
“Summary of Outcomes of Completed Projects.”  The report is updated annually to incorporate 
newly completed projects and update any associated changes in specification.  Projects are split 
into two categories: 

 Implemented:  Projects that have resulted in a change in practice or verified current 
practice. 

 Not Implemented:  Projects that have resulted in further research activities, 
implementation projects, were found not able to be implemented, or are pending action. 

 
To further support implementation, the following process was defined: 
 

1. The TOC will review the “Summary of Outcomes of Completed Projects” to identify 
projects that are candidates for implementation.  In the event that a project cannot be 
implemented or the outcome has been previously determined this information will be 
documented in by WHRP. 

2. Selected projects are submitted to the appropriate WisDOT Technical Team for 
discussion.  The WHRP Technical Oversight Committee membership is composed of 
both agency and industry members that are represented on the technical teams.   

3. The Technical Team will determine the aspects of research results that should be 
implemented and will assume the responsibility of developing draft specifications, 
special provisions, or other guidance as well as identify the need for pilot projects.  
Refined practices will be submitted for inclusion in specifications. 

4. The Technical Team will coordinate with the Publications and Construction Standards 
Manager to confirm deadlines for submitting changes to be incorporated into WisDOT 
guidance documents. 
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A schematic of this process is presented in Figure 1.  Both the process and the flow chart were 
approved by the WHRP Steering Committee in the April 11, 2008 Steering Committee Meeting. 

 

 
 
 

Figure 1:   Process for Post Project Implementation 
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4:  LESSONS LEARNED, CONCLUSIONS, AND 
RECOMMENDATIONS 

 

Results of this pilot project indicate that the implementation process used in the WHRP program 
was in need of further improvement. Specific to the projects summarized as part of this report, 
significant delays were encountered for three of the four TOCs, with an average delay of 
approximately 17 months.  The project that was completed on time was part of a three-phase 
project with a combined duration of 23 months at a cost of $45,000.  The intent of these projects 
was to provide the funding to promote short-term implementation activities to move research 
results into practice within one year.  Based on the statistics, it is clear this objective wasn’t met.  
Due to a variety of circumstances, it appears that the timeline of 12 months was inadequate.  The 
reasons for the delays are as follows: 
 

 Inadequate funding to properly staff and execute the projects.   
 Time commitment required by committee members and staff to oversee implementation 

projects while continuing oversight of research activities.   
 Difficulty in clear definition of the proper scope for an implementation project.  In most 

cases, the scope of the implementation projects awarded was more reflective of further 
research activities.  

 The need for better coordination between WHRP and Technical Team activities to 
ensure that promising research results are discussed in a timely fashion and deadlines 
for submittal of specification changes are met. 

 
Based on the results of these implementation activities and the delays encountered in completing 
this pilot project, WHRP staff recommends that the program re-evaluates the process to consider 
implementation or research projects.   It is proposed that successful research implementation 
requires consideration of the practical application of research results in all phases of the research 
projects including:  research ideas generation, project oversight, and technology transfer 
activities. 
 
Successful implementation starts in the ideas generation and solicitation phases of the research 
process through consideration of potential implementation for new research ideas as well as 
review of completed projects that have not been implemented.  To promote these ideas, WHRP 
has instituted a new research prioritization policy that requires consideration of completed 
research efforts in need of additional funding alongside new research ideas. The WHRP Steering 
Committee approved this process at the September 19, 2008 meeting.  WHRP staff provides the 
TOCs with a summary of the outcomes of their completed projects that identifies projects that 
1)have/have not been implemented; 2)resulted in further research; 3)resulted in an 
implementation project, or 4)are pending further action.   This summary, used to promote 
discussions at the research prioritization meetings, ensures that TOC members make the 
appropriate recommendations to the WisDOT Technical Teams.  A summary of the results of 
this analysis for all TOCs is provided in Figure 2. 
 
. 
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28%

5%

27%

40%

Implemented

Not 
Implementable

Ongoing Further 
Research

Pending  Action

 
Figure 2:  Summary of Outcomes of Completed Projects – September 2008 

WHRP Staff identified that of the 60 projects completed from the inception of WHRP to 
September 2008, 67% (40 projects) are pending action or have led to further research.  Based on 
this analysis, it is clear that there is an opportunity for the committees to re-evaluate completed 
research efforts and to 1)move forward by funding further research or implementation activities 
or 2) to classify those that will not be  implemented and to close the project to any further 
research activities.  These changes were implemented for the FY 2010 funding cycle and resulted 
in identification of many projects that need to be resubmitted to the Technical Teams for 
evaluation.  Also three projects were identified as in need of further research and funded 
accordingly.  The proposed process clarifies the relationship and responsibilities between WHRP 
Staff, the Technical Oversight Committees, and WisDOT Technical Teams, in terms of moving 
research results into practice. 

There is also an opportunity to integrate implementation concepts into the research solicitation 
process.  Definition of expected outcomes or changes in practice by the TOC in the Request for 
Proposal requires proposing researchers to submit an implementation plan.  This allows for the 
TOC to evaluate the researcher’s understanding of WisDOT practices and the opportunities for 
implementation of expected research results in the proposal review phase.  Furthermore, 
establishment of an implementation plan provides a reference point in the monitoring of 
progress, allowing for more efficient project oversight.    As a result committees dedicated a 
significant amount of time discussing the implementation plans given in the proposals and were 
able to select the researcher that provided the best opportunity to produce research products most 
promising for implementation. 

The final opportunity to promote implementation of research results is improved technology 
transfer at the conclusion of the research project.  Current WHRP policy requires the researcher 
provide a closeout presentation of their project to the TOC.  This process has been effective in 
ensuring that TOC comments are incorporated into the final report. However, in some cases, 
technology transfer is more effective if the research presentation is available to a wider audience.  
This concept was piloted through a Technology Transfer Workshop hosted by WHRP and the 
Flexible Pavements TOC to close out a research project that was defined by the committee as 
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high impact.  The workshop included presentations by TOC members related to the importance 
of the research project and a presentation of the research results by the principal investigator.  
The entire workshop was captured as a Webinar using GoTo meeting, a web conferencing 
application.  Approximately 40 people attended the workshop with an additional six joining 
remotely using GoTo Meeting.  The entire webinar is available on the research project page 
(http://www.whrp.org/research-areas/flex/flex_0092-08-06.html). 

The success of the technology transfer workshop identified a clear opportunity for WHRP to 
improve dissemination of research results at the end of a project.  Improvement of technology 
transfer activities will be a focus as WHRP moves forward in the implementation of research 
results.  Planned activities include encouraging the TOCs to identify high impact projects and to 
work with WHRP to conduct similar workshops.  There is also an opportunity to provide 
Continuing Education Units (CEUs) for attendance at these workshops, which becomes of more 
importance as WisDOT implements the requirement for Professional Engineers to obtain 30 
CEUs bi-annually to maintain their certification.  Furthermore, WHRP will evaluate the 
feasibility of providing a Webinar for all completed research projects.  It is possible that certain 
aspects of these webinars may be integrated into current WisDOT training practices.  WHRP is 
currently working with the Steering Committee to determine when it is appropriate to hold 
workshops as opposed to webinars that allows these presentations to reach a wider audience. 

In conclusion, this initial pilot project provided a successful first step towards promoting 
implementation of research results.   As shown in the previously provided summary, the 
individual research projects selected for implementation were successful.  However, of more 
importance was the identification of opportunities to improve implementation of WHRP research 
projects and how these opportunities were integrated into new policies.  These policies include 
the following: 

 Improved coordination between the WHRP TOCs and the WisDOT Tech Teams.  
A flow chart was provided to define the process by which research results are reviewed 
and submitted to the Tech Teams for evaluation. 

 Definition of Implementation as a Research Performance Measure:  The results 
“Outcomes of Completed Research Projects” analysis provide a tangible 
implementation performance measure for use by the WisDOT research staff to annually 
evaluate the program. 

 Improved Solicitation and Proposal Evaluation Procedures:  A clear need was 
established to integrate implementation into the development of the RFP and proposal 
review processs. 

 Opportunities for Technology Transfer:  Clear opportunities were identified to allow 
research results to reach a wider audience and potentially be integrated into WisDOT 
training practices and Professional Engineer CEU requirements.  
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Appendix A:  Deliverables for Implementation of Project 0092­01­02:  
Using the Gyratory Compactor to Evaluate Mechanistic Properties of 

WisDOT Mixtures
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Appendix B:  Deliverables for Implementation of Project 0092­45­15,45­
18, 00­12, 03­12:  Equivalency of Alternative Working Platforms and 

Their Pavement Design Strength Contribution 
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Appendix C:  Deliverables for Implementation of Project 0092­04­11:  
Research of the Application of FHWA’s HIPERPAV Model to Wisconsin 
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Appendix D:  Deliverables for Implementation of Project 0092­01­06:  

Rehabilitation Techniques for Concrete Bridges 
 

 

 

 



















Points of Concern

�� Corrosion damage Corrosion damage 

of girder endsof girder ends

�� Water leaking Water leaking 

through faulty through faulty 

expansion jointsexpansion joints

�� Resulting in steel Resulting in steel 

corrosion and the corrosion and the 

spalling of concretespalling of concrete



Points of Concern

�� Repair: Repair: complete complete 
removal followed removal followed 
by reconstructionby reconstruction

�� Common Issues:Common Issues:

�� Reoccurring Reoccurring 
spalls due to spalls due to 
inadequate inadequate 
bond bond 

�� Contaminants Contaminants 
in adjacent in adjacent 
areas migrate to areas migrate to 
the repair regionthe repair region

 



What We Were Doing:

�� Spending many dollars and man hours Spending many dollars and man hours 

on cleaning and patching with on cleaning and patching with 

cementitious materials. cementitious materials. 

�� Damage was already done and by Damage was already done and by 

patching we only created a cosmetic patching we only created a cosmetic 

solution that only lasted a few years.solution that only lasted a few years.





What Was Needed:

�� A research project that would give an A research project that would give an 
unbiased evaluation of what we were doing unbiased evaluation of what we were doing 
wrong and some definitive solutions to fix the wrong and some definitive solutions to fix the 
problem.problem.

�� The evaluations would include many of the The evaluations would include many of the 
coatings and materials readily available to the coatings and materials readily available to the 
industry and how they performed. (note: the industry and how they performed. (note: the 
unique part of this study was the acceleration unique part of this study was the acceleration 
of the salt infiltration process.)of the salt infiltration process.)



The Results of the Study:

�� Showed us what not to do. Showed us what not to do. 

�� Provided us with a proactive solution to the Provided us with a proactive solution to the 
problem.problem.

�� Changed our Bridge construction manual.Changed our Bridge construction manual.

�� Saved bridge facility owners money.Saved bridge facility owners money.

�� Changed our bridge inspection/repair Changed our bridge inspection/repair 
process. process. 



Future Studies:

�� The success of this project has provided us The success of this project has provided us 
with an opportunity to use existing data and with an opportunity to use existing data and 
materials to do further study.materials to do further study.

�� This new project will give us unbiased This new project will give us unbiased 
research to substantiate industry claims on research to substantiate industry claims on 
coatings and sealers and other methods of coatings and sealers and other methods of 
rebar protection,rebar protection, spallspall prevention, and repair prevention, and repair 
techniques beyond beam ends.techniques beyond beam ends.



Work at the University of 

Wisconsin-Milwaukee



Experimental Program Objectives

�� Determine the effectiveness of a sealer,  epoxy Determine the effectiveness of a sealer,  epoxy 
coating, polymer (resin) coating, and FRP wrap coating, polymer (resin) coating, and FRP wrap 
in protecting against corrosion damage in new in protecting against corrosion damage in new 
members (PS beam ends)members (PS beam ends)

�� To establish the effectiveness of these To establish the effectiveness of these 
treatments and patch repairs in treatments and patch repairs in 
reducing/preventing continued corrosion in reducing/preventing continued corrosion in 
members that are already contaminated with members that are already contaminated with 
chlorideschlorides



Experimental Program Overview

�� Performing laboratory tests on five new 8Performing laboratory tests on five new 8--ftft--
long prestressed concrete bridge Ilong prestressed concrete bridge I--beamsbeams

�� Subjected to wet/dry cycles of salt laden Subjected to wet/dry cycles of salt laden 
water (6% NaCl solution) for 18 mo. water (6% NaCl solution) for 18 mo. 

�� Subjected to galvanostatic accelerated Subjected to galvanostatic accelerated 
corrosion methodscorrosion methods

�� Selected end regions were pretreated, while Selected end regions were pretreated, while 
others remained untreatedothers remained untreated

�� After 6 months, some of the previously After 6 months, some of the previously 
untreated beamuntreated beam--ends were patch repaired or ends were patch repaired or 
subjected to one of the surface treatments subjected to one of the surface treatments 



Specimens

��88--ft long AASHTO Type II prestressed concrete beams ft long AASHTO Type II prestressed concrete beams 

��18 18 -- ½½ inch diameter grade 270 low relaxation 7inch diameter grade 270 low relaxation 7--wire         wire         
prestressing strandsprestressing strands

�� Grade 60 conventional reinforcementGrade 60 conventional reinforcement

�� 2 electrically isolated strands (cathode bars)2 electrically isolated strands (cathode bars)



Salt-Water Distribution System

An electrical potential was 

also applied to accelerate 

corrosion and speed up 

chloride intrusion.



Experimental Set-up

Epoxy 

Coating
Sealer

FRP Wrap

Polymer (resin) 

Coating



Repair Materials

�� Carbon Fiber Reinforced Polymer (CFRP)Carbon Fiber Reinforced Polymer (CFRP)

�� REPLARK 30 manufactured by Mitsubishi REPLARK 30 manufactured by Mitsubishi 
Chemical CorporationChemical Corporation

�� Consists of: carbon fiber fabric, primer, putty, and Consists of: carbon fiber fabric, primer, putty, and 
resinresin

�� 2 layers at 902 layers at 90°° to one another (after application of to one another (after application of 
primer and putty)primer and putty)

�� Polymer (Resin) CoatingPolymer (Resin) Coating

�� The resin component of the RELPLARK 30 The resin component of the RELPLARK 30 
system system 

�� 2 coats applied with paint roller 2 coats applied with paint roller (after application (after application 
of primer and putty)of primer and putty)



Repair Materials

�� Epoxy CoatingEpoxy Coating

�� MASTERSEAL GP Epoxy SealerMASTERSEAL GP Epoxy Sealer

�� 2 coats2 coats

�� SealerSealer

�� MASTERSEAL SL 40 VOCMASTERSEAL SL 40 VOC

�� A solvent based silane penetrating A solvent based silane penetrating 
sealersealer

�� 2 coats2 coats



Repair Materials

�� Patch MaterialPatch Material

�� Vericoat Supreme:Vericoat Supreme: a one component, a one component, 
microsilica and latex modified, nonsag repair microsilica and latex modified, nonsag repair 
mortar producedmortar produced by by Euclid Chemical CompanyEuclid Chemical Company

�� Designed for trowel applied vertical and Designed for trowel applied vertical and 
overhead repairsoverhead repairs

�� Patch Material Bond AgentPatch Material Bond Agent

�� CORRCORR--BOND: composed of specialty water BOND: composed of specialty water 
based epoxy and selected cementitious based epoxy and selected cementitious 
components produced by the Euclid Chemical components produced by the Euclid Chemical 
CompanyCompany



Repair Plan



Comparative Chloride Content 

Ratings
Beam-

End 

Rating at 

0.75 in.

Rating at 

1.5 in.

Ave. 

Rating

1A 1 1 1

1B 3 2 2.5

2A 3 1 2

2B 8 8 8

3A 1 1 1

3B 2 2 2

4A 4 5 4.5

4B 3 2 2.5

5A 1 1 1

5B 1 2 1.5

Ratings based on a range from 1 to 8 (1 best, 8 worst)

White rows correspond to beam-ends that were treated after 6 months of exposure.



Crack Map – 1A (18 Months)



Crack Map – 2A (18 Months)



Dissection – 2B



Overall Assessment

Beam 

End
Description Chlorides Cracking Corrosion

Overall 

Rating

1A Epoxy Coated From Day 1 1 2 3 6

1B Epoxy Coated After 6 Months of Exposure 2.5 4 7 13.5

2A No Treatment Applied 2 6 5.5 13.5

2B Patch Repair After 6 Months of Exposure 8 7 8 23

3A Silane Sealer Applied from Day 1 1 5 3.5 9.5

3B Silane Sealer Applied After 6 Months of Exposure 2 8 5.5 15.5

4A Polymer Resin Coating Applied After 6 Months Exp 4.5 3 6 13.5

4B FRP Wrap Applied After 6 Months of Exposure 2.5 1 7 10.5

5A Polymer Resin Coating Applied From Day 1 1 1 2 4

5B FRP Wrap Applied From Day 1 1.5 1 2 4.5



Conclusions

�� Experimental work:Experimental work:

��The best overall results were obtained The best overall results were obtained 
when either FRP wrap or polymer when either FRP wrap or polymer 
coatings were applied from Day 1coatings were applied from Day 1

��The application of treatments after 6 The application of treatments after 6 
months of exposure was far less months of exposure was far less 
effective than treatment on Day 1effective than treatment on Day 1

��Epoxy coating was the next best Epoxy coating was the next best 
effective methodeffective method



Recommendations

�� Use polymer coating or epoxy coating on Use polymer coating or epoxy coating on 

beam ends in new projects prior to beam ends in new projects prior to 

installation in the field.installation in the field.

�� For existing bridges, apply either polymer For existing bridges, apply either polymer 

coating or epoxy coating as early as coating or epoxy coating as early as 

possible before chloride contamination possible before chloride contamination 

and corrosion take hold and corrosion take hold 



Recommendations (Cont.)

�� When corrosion and damage is advanced, When corrosion and damage is advanced, 

patch alone would not be durable. patch alone would not be durable. 

Consider coating the patch with polymer Consider coating the patch with polymer 

or epoxy coatings.or epoxy coatings.

�� These results can equally apply to pier These results can equally apply to pier 

caps, columns, and abutments.caps, columns, and abutments.


