
[image: image8.wmf]PRINCIPAL

INVESTIGATOR

Osama Abdulshafit

Computer Research

Specialist

Tate Antrim

Project Manager

Mike Fitch

Bridge Inspection and

Maintenance Engineer

James Barnhart

Bridge Design & Rehab.

Engineer

Don Timmer

Bridge Management

Engineer

David Weir


[image: image1.wmf]
Proposal Submitted to:

[image: image5.wmf]PRINCIPAL

INVESTIGATOR

Osama Abdulshafit

Computer Research

Specialist

Tate Antrim

Project Manager

Mike Fitch

Bridge Inspection and

Maintenance Engineer

James Barnhart

Bridge Design & Rehab.

Engineer

Don Timmer

Bridge Management

Engineer

David Weir


OHIO DEPARTMENT OF TRANSPORTATION
OFFICE OF STRUCTURAL ENGINEERING
Submitted by:

[image: image2.wmf]
THE OHIO LTAP CENTER 

at

THE OHIO STATE UNIVERSTIY

Submitted:  April 25, 2000

Revised:  August 9, 2000

[image: image6.wmf]
PROPOSAL TABLE of CONTENTS


Section 1
Letter of Transmittal


Section 2
Consultant Team Qualifications


Section 3
Consultant Team Organizational Chart


Section 4
Proposed Work Plan


Section 5
Proposed Methods and Budget


Section 6
Summary of Proposed Budget


Appendix A
Consultant Team Vitae & Project Experience


Appendix B
Example Work Outline for a Bridge Component


Appendix C
Supplemental Notes on Bridge Maintenance Issue

Proposal for Ohio Bridge Maintenance Manual Project

Submitted to ODOT by LTAP / OSU Consultant Team

Revised:  August 9, 2000

[image: image7.wmf]






[image: image3.wmf]

Mr. Brad Fagrell, P.E., Administrator

Office of Structural Engineering

Ohio Department of Transportation

P.O. Box 899

Columbus, OH 43216-0899

Re: Revised Proposal for Bridge Maintenance Manual

Dear Mr. Fagrell:

Attached are 12 copies of LTAP’s revised proposal for the Department’s Bridge Maintenance Manual.  The changes in the scope of services and resulting changes in the proposed project budget are based upon our meeting with the Department on August 3, 2000.

The following changes in task and personnel assignments, project responsibilities, and project costs are proposed:

1. The role of the vendor/consultant, TriAd, has been eliminated

2. It is proposed that ODOT will provide needed video footage and produce training Compact Discs and distribute them.

3. LTAP will be responsible for development of interactive training program based on the content of the Bridge Maintenance Manual.

4. The utilization of the Bridge Design Engineer has been reduced to review and critique of Part 1, the development of contract maintenance costs and procedures, and participation in a limited number of meetings of the Maintenance Manual team.

5. The work effort shown under Item 11 in Section 5, has been deferred from this scope of services.  Therefore, the integration of the county/district inspection and inventory procedures in the training program will be included in the project only upon the authority of ODOT following the determination of need by the Bridge Maintenance Manual team.

6. A new budget is enclosed in Section 6 reflecting the above proposed changes.

LTAP would like permission to include a presentation of the first portion of the Maintenance Manual at one of our workshops.  It would be presented in the context of  an LTAP Bridge Maintenance workshop without cost to ODOT or the project.  The workshop would be structured to obtain a critique from the participants and additional peer review of the contents.

Please direct questions regarding contractual issues between ODOT and OSU to:

Richard D. Fortner, Associate Director

Engineering Experiment Station, Ohio State University Research Foundation

142 Hitchcock Hall, 2070 Neil Ave.

Columbus, Ohio  43210

(614) 292-4903

E-mail:  fortner.1@osu.edu
The Director of the Ohio LTAP Center, Dr. Osama Abdulshafi, will respond to the Department’s questions regarding the contents of this proposal.  Dr. Abdulshafi can be reached at:

The Ohio State University

470 Hitchcock Hall, 2070 Neil Ave. 

Columbus, OH 43210-1275

(614) 292-7556   Fax: 614-292-0449   

E-mail: abdulshafi.1@osu.edu
Thank you for the opportunity to refine the scope of services for this project.

Respectfully yours,

Richard D. Fortner

Associate Director

Engineering Experiment Station

SECTION 2

CONSULTANT TEAM 

QUALIFICATIONS

CONSULTANT TEAM QUALIFICATIONS 
The Ohio Local Technical Assistance Program (LTAP) Center has assembled a team of professional engineers highly experienced in the inspection, evaluation, repair and maintenance of various types of bridges and culverts as the nucleus of the Consultant Team.  Four members of the team, currently affiliated with LTAP, are part-time employees of the Center and therefore have time to commit to a project of this magnitude.

Expertise in bridge maintenance, repair and inspection programs in Ohio is provided by five of the team members.  One member employed directly by the Center will function as a consultant. This individual is a recently retired bridge engineer with experience in the maintenance and repair of the full range of Ohio bridges. A second professional engineer has been involved with all aspects of bridge engineering since 1950; especially the repair and rehabilitation of existing bridges and is currently employed by Richland Engineering, Limited. An LTAP staff member has been involved with bridge deck evaluations including life cycle costing and a second staff member has administered bridge programs as a public official and transportation consultant for more than 30 years. The fifth team member has over 28 years of experience in the transportation field working with industry, different levels of government, and academia.

Additionally, several LTAP team members have experience in literature searches and data collection, the evaluation and interpretation of data, preparation of informational web pages, training employees of local transportation agencies and preparation of reports and training materials. 

Another member of the team, the Computer Research Specialist, will provide expertise in the presentation and assemblage of the training material and recommended maintenance practices in a user-friendly bridge maintenance manual as the project develops.  It is proposed that a corresponding team of media developers within ODOT will work with the Computer Research Specialist in developing applicable video training clips for inclusion into the CD/Web based maintenance manual.  The Computer Research Specialist will have the responsibility of producing the maintenance manual in a suitable format for a web site and distributable CD format with the self-instruction feature for use by ODOT employees.  The Computer Research Specialist will assist a corresponding ODOT team in recommending training procedures to assure the effective utilization of the Ohio Bridge Maintenance Manual at the county and district level within the department. The Computer Research Specialist will also prepare the drafts for review and beta testing before producing the final products in cooperation with the ODOT media development team.  After beta testing is complete and the bridge maintenance manual has been released to production, ODOT will produce and distribute the manual on CD.

The following six (6) subsections provide a summary statement of the experience of each member of the LTAP team as it relates to the Department’s minimum requirements for this project.  The vita for each team member and their representative project involvement is located in Appendix A.

2.1
Experience with bridge maintenance methods
	M. Fitch
	is experienced in evaluating concrete deck overlay performance.

	J. Barnhart
	has 29 years experience with ODOT bridges as Assistant District Bridge Engineer, District Bridge Engineer and Structure Maintenance and Inspection Engineer (18 yr.), a position that was responsible for overseeing the inspection and maintenance of approximately 15,000 ODOT bridges.

	D. Timmer
	developed a Repair/Maintenance Manual for the Cuyahoga County Engineer in the early 1990’s.  The project included evaluating all of the 200 county bridges, determining the repair & maintenance needs for each.  He also developed and conducted.

	D. Weir
	hands-on concrete repair classes for 100 of the County’s maintenance employees.

has 25 years of experience in the management of roadway and bridge maintenance, design and construction programs on a county level (Ashtabula County-over 1000 structures) and on a statewide level with ODOT.


2.2
Life Cycle cost evaluation expertise
	M. Fitch
	has experience in engineering research relating to service life estimation for concrete bridge components and evaluation of concrete overlay performance. He has co-authored three publications on his research performed on these projects.

	J. Barnhart
	developed many maintenance and repair strategies and specifications for Ohio structures.  He monitored many of the repair techniques to determine their useful life and life cycle costs.

	D. Timmer
	utilized life cycle costs to determine whether certain historic bridges should be repaired, rehabilitated, replicated or replaced.


2.3
Bridge design and construction experience
	J. Barnhart
	served as construction inspector for ODOT on bridges in Tiffin, Fremont and 20 interstate bridges in Bowling Green.  As Assistant District Bridge Engineer, he designed approximately 30 bridge replacements and rehabilitations in District 9.

	D. Timmer
	headed the Structural Section of Richland Engineering, Limited for 20 years during which they prepared plans and specifications for the replacement or repair of more than 200 bridges for the State, cities and counties of Ohio.

	D. Weir
	8 years administering all ODOT programs, including design & construction for more than 5800 projects totaling $2.37 billion in new construction and contract maintenance. 13 years as project manager for consulting engineers involved with bridge design and bridge inspection, evaluation and rehabilitation design.


2.4
Bridge inspection experience
	M. Fitch
	has visually inspected more than 100 bridge decks in Ohio and inspected decks, substructures and superstructures of bridges in five (5) other states.  His experience also includes condition assessments of concrete structures.

	J. Barnhart
	developed the Bridge Inspection Manual for Ohio and a corresponding curriculum for a Bridge Inspection School.  He has instructed more than 2400 inspectors, design consultants and county and city bridge engineers.

	D. Timmer
	has performed more than 500 bridge inspections and prepared condition reports for structures ranging from a 20-foot beam bridge to the 1500-ft. Main Ave. bridge in Cleveland.

	D. Weir
	8 years experience as project manager with consulting engineers which included in-depth inspection of 5 major Ohio structures and 25 other smaller bridges. Performed some fieldwork,  but no free climbing. Reviewed, edited and presented inspection reports.  Established a bridge inventory system and an annual bridge inspection program in Ashtabula County prior to the state and federally mandated inspection programs.


2.5
Manual development expertise
	M. Fitch
	has developed training materials for a number of LTAP’s  Workshops and Circuit Rider classes.

	J. Barnhart
	has developed the Ohio Bridge Inspection Manual and training materials for Ohio‘s Bridge Inspection School as well as the LTAP Bridge Maintenance workshop.

	D. Timmer
	prepared a bridge Repair/Maintenance Manual for the Cuyahoga County Engineer in 1995 and has presented papers at bridge management seminars in Ohio and West Virginia.

	D. Weir
	Experience is limited to administrative oversight and some review of reports, however he has four years experience in training local governmental agencies in the use of manuals such as the OMUTCD


2.6
Experience in developing Web-based/Disk-based applications
	J. Barnhart
	has developed a disk-based Power Point presentation, including photographs and text, for training personnel in concrete field-testing.

	T. Antrim
	has been programming in Microsoft Visual Basic for 9 years and currently is the Webmaster for the Ohio LTAP center’s website and is the Center’s Systems Manager.  He authored the two-tier management application for the Center & its website.  He has more than 6 years experience with Windows and Macintosh system hardware, software and networking.  From exiting training materials, he posted a 14-page tutorial on work zone flagging on the Center’s website.


                                   Summary Table For Key Staff Experience 

	Key Staff Member
	Experience with bridge maintenance methods
	Lifecycle cost evaluation expertise
	Bridge design  and construction experience
	Bridge inspection experience
	Manual development expertise
	Experience in

Developing

Web based/Disk

based Applications

	Osama Abdulshafi
	***
	****
	***
	***
	***
	**

	Mike Fitch
	***
	****
	**
	***
	**
	

	David Weir
	***
	***
	***
	***
	***
	

	James Banhart
	****
	***
	***
	****
	**
	**

	Tate Antrim
	
	
	
	
	****
	****

	Donald Timmer
	****
	***
	****
	***
	**
	


SECTION 3

CONSULTANT TEAM 

ORGANIZATIONAL CHART

CONSULTANT TEAM ORGANIZATIONAL CHART


Possible ODOT Team Representation

	Project Manager, CO

Bridge Engineer, C.O. - Specialist in Maintenance

Bridge Engineer, C.O. - Specialist in Rehab Design

Urban District - Bridge Maintenance experience

Rural District - Manager of Maint. or Br. Engr

County Manager, with engineering background
	County Manager, Rural, non-engineering background

County Manager, Urban, non-engineering background

Data/Computer Service Rep.

FHWA Bridge Engineer (ODOT’s option)


SECTION 4

PROPOSED WORK PLAN

PROPOSED WORK PLAN
Task 1
Task 1 is expected to take 3 months.  All other tasks will be started at 2 months or directly following he completion of this task (reference the updated gantt chart on page 8).  This addendum is based on comments that proceeded from a meeting with ODOT on August 23, 2000 concerning this phase of the project.  Initially, preventive maintenance procedures were to be assembled while performing the other tasks, however, ODOT gave direction to concentrate on preventive maintenance procedures first.
Task 2


Following the Notice to Proceed from the Department, the Project Managers from LTAP and ODOT will meet to establish the structure and membership of the Bridge Maintenance Manual (BMM) team. Other refinements to the consultant’s proposed work plan, such as individual responsibilities, meeting schedules, etc. will be discussed and revised as needed.

The consultant will establish a communication database for all members of the BMM team and provide notice of an organizational meeting.  The consultant and ODOT will each present a project briefing, and then LTAP will lead a general discussion and answer question about the project.

Each team member having information pertinent to the project will be instructed to bring an outline inventory of their photos, costing records, data bases, list of literature & research documents with titles applicable to the BMM.  All team members are to bring their inventory on 8 ½ x 11 papers with sufficient copies (pre-punched) for every team member.  The consultant is to provide a 3-ring project binder. The involvement of each team member will be outlined and meeting schedules will be discussed.

Task 3


The consultant will summarize all inventories & identify usable sources for project information and summarize the discussion, comments and decisions of the meeting.

The consultant will initiate requests for information from all reliable sources and its bridge engineers will initiate the development of an outline for the proposed contents of the training segment and the maintenance strategies for the Manual.

The consultant will assemble the collected information and evaluate its relevance to the proposed contents of the Bridge Maintenance Manual. Because of the long established use of certain bridge materials in Ohio, the manuals will use Ohio nomenclature while some of the primary information sources will include:


· ODOT Bridge Inspection Manual

· ODOT Bridge Inventory and Appraisal Coding Guide

· FHWA Bridge Inspector’s Training Manual/1990

· FHWA Recording and Coding Guide for Structure Inventory and Appraisal of the Nation’s Bridges

· FHWA Bridge Maintenance Manual

The consultant will develop a presentation for the team that compares the collected information with the proposed content of the BMM. Areas needing additional investigation for information or data will be identified.  Team members will identify possible sources for the additional information before the consultant initiates a search for the needed information. Comments from the team members will be noted along with the discussion of what is needed to close any gap between the proposed manual contents and the information available.

Task 4


LTAP will initiate additional information searches at this point.   It will revisit any of the original sources for more detail and the consultant will review any information received on its first inquiry that had been disregarded as a result of the original review.

LTAP will initiate the development of descriptions for:

· Each of the six (6) bridge types and four (4) culvert style bridges requested

· Each of the components typical to each bridge type

· The function of each component, relating its structural importance in non-technical language 

· Material properties, when critical to the function of a component, i.e. tensile vs. compressive strength of concrete

· Variations of component types, i.e. stub, integral, etc. type abutments

· Deterioration types and causes


· Types of damage

· Condition ratings of components

Task 5


The consultant will review their personal files and ODOT’s for photographs and slides to match available pictures to those needed to effectively illustrate the components and conditions described above.  Photographs needed to complete the illustration of the training section of the BMM will be listed and examples will be solicited (The consultant anticipates taking a number of pictures themselves, because experience shows that “picture takers” do not always understand what the photograph is to detail).

Additional photos to further illustrate the recommended maintenance and repair methods will be identified after the development of specific recommendations so pictures can be taken during travel for interview visits.

Task 6


The consultant proposes to include 20-30 field visits to selected ODOT Districts and Counties to interview bridge maintenance personnel.  The interviews will supplement unit cost and service life data obtained in the literature search. They will also be used to verify actual field procedure, crew sizes, materials, etc. associated with various bridge maintenance practices.

Interview visits would include photographing local bridges, which have received or are about to receive maintenance or repair work.  Pictures that demonstrate some maintenance practices and the different condition levels of bridge components will be needed to supplement existing photographs.

Task 7

The consultant will prepare the first draft of the Manual.  It is proposed to concentrate on the training elements of the manual.  This would include descriptions and illustrations of bridge types, bridge components and types of deterioration.  This draft would include text, pictures and illustrations in both hard copy and website formats.

The consultant will present a review of the first draft to the team for discussion and comment.  The ODOT team members will have thirty (30) days in which to individually review, edit and evaluate this portion of the BMM against a set of written criteria.  The Project Managers will develop the written criteria.

Following the 30-day review period, the consultant will evaluate the comments for incorporation into the manual.  Revisions will be incorporated into the first draft based on the team commentary.

The project managers will resolve any conflicts or concerns.  These two representatives of the client/consultant team will be responsible for the resolution of key issues, with the use of a four (4) person “Editorial Board” to resolve language, content, and illustrative discrepancies throughout the project life.

Task 8

The consultant proposes that the team present the revised first draft to a greatly expanded group of ODOT county managers and district personnel as a Beta test of the proposed manual.  This presentation would serve a dual purpose.  It would not only provide a broad-base evaluation of the contents and presentation of bridge material, but also would provide a first level of education about bridges.

The review criteria would again be utilized by ODOT personnel to critique the BMM. The consultant would incorporate needed revisions into the Manual and web site.  

This suggestion is offered by the consultant for consideration by the Department as an alternative to the tasks as described in the RFP.  If no substantial increase in the understanding of bridges can be provided to local managers at least a year earlier than the projected end of the project, the consultant will proceed with the task sequence in the RFP.

The consultant proposes to include a presentation of the revised draft as part of an LTAP workshop on bridge maintenance.  This would be provided without cost to ODOT or the project and would be structured to provide additional peer review for the manual.  A CD would not be produced by ODOT at the first draft level, because the consultant purposes to develop the maintenance practices and unit costs in the second year of the project.

Task 9

If the consultant’s alternate plan is adopted, the consultant will complete the first draft of the second portion of the manual which includes preventative maintenance practices, repair practices, develop the unit costs and provide information for making maintenance management decisions on bridges.

The consultant will review the first draft of the second part with the team.  The ODOT team will have 30 days to comment and critique the material.  The revision/critique process will be completed using the same process, as previously outlined, except the second review would be conducted using a group larger than the team but not expanded to the size used for the first part of the project. 

The consultant will distribute the final draft of the Ohio Bridge Maintenance Manual thirty (30) days before a final review meeting of the full team with final revisions confirmed through the editorial committee.  Upon final approval by the Ohio Department of Transportation, the department will produce and distribute the CDs. LTAP will develop and deploy the final BMM website to a specified location.
Task 10 

The consultant team will establish recommendations for three methods of training, including estimated costs, and present these recommendations to the committee.  The recommendations will be developed based on prior discussions with the full team. The training recommendations will be directed toward producing the best utilization of the training and management tool provided in the manual.

Task 11 

The consultant team will prepare and submit a draft and final report per ODOT Research and Development manual.

Proposed Monthly Time Schedule
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SECTION 5

PROPOSED METHODS 

AND APPROACH

PROPOSED METHODS AND APPROACH
The Consultant acknowledges and agrees to the proposed work and deliverables identified under Tasks 1-10 in the Department’s RFP.  We also agree that in order to develop an effective Bridge Maintenance Manual that can both train and serve as an asset management tool to a diverse workforce throughout ODOT, adjustments in the scope and elements within some tasks may be made during the development of this Manual. 

The approach to bridge maintenance is increasingly influenced by emerging management systems. Other trends that probably will influence future developments and practices in this field include increased attention to life-cycle cost analyses and the incorporation of user costs into maintenance decisions.

Based on conversations with ODOT staff, it is our understanding that a straightforward computation of life cycle cost data is sought in this project.  Accordingly, we propose to identify reasonable estimates of the current unit cost for each bridge component treatment item (such as dollars per square foot for overlay), and the expected treatment service life in years.  The simple computation of life cycle cost would be the estimated unit cost divided by service life = estimated treatment unit cost per year.  If ODOT decides that a more detailed approach to life cycle costing is warranted, we could modify this proposal to account for analysis by initial cost and annual cost over time, normalized to present-day dollars.  Depending on the level of life cycle cost analysis, an expert in this subject could be added to the project team on a consultant basis.

Regardless of the approach taken, it is understood that life cycle cost analysis is an inexact endeavor.  The expected service life of a given treatment is difficult to quantify, and can vary widely from bridge to bridge depending on the quality of the original construction and materials, quality of treatment application, and the environmental and traffic / loading distress that the treatment must endure.  In addition, treatment materials and products (overlay concretes, patch materials, epoxies, surface sealers, etc.) can vary widely in durability from different sources.  The estimated unit cost, service life, and life cycle cost data to be provided in this project would therefore be preliminary estimates that ODOT can revise and modify as needed over time.  

The research team is planning to:

1) Make certain that a uniform procedure is established that communicates maintenance needs identified during the inspection process on a bridge-by-bridge basis. 

2) Establish a calendar or some other cycle for each maintenance task.

3) Identify additional cost data needed & how to collect it.

4) Establish a procedure in the program to collect baseline data for any new maintenance procedures or product introduced by ODOT, so a realistic life cycle cost can be developed for adjusting the unit prices used in determining cost-effective maintenance procedures. 

5) Create a reporting system for the Manual that documents the maintenance work performed and the associated cost, thereby establishing current costs for unit prices used in the preparation of the Manual.  A summary report of maintenance work performed annually would provide a cost-effective way to perform a Quality Assurance check on the maintenance level provided to ODOT’s bridges.

6) Incorporate in this Manual current ODOT procedures for inspection used by County personnel to check the larger culverts that do not fall under the statutory inspection requirements, i.e., structures with less than 10-ft. spans.  
7) The Manual will contain units of costs where data is available; it will identify key maintenance procedures that need tracking.  This phase does not include field or lab work to identify useful life or life cycle costs of any product or materials.

8) In addition to the explanation of maintenance practices, procedures, and unit costs, we propose to provide short written explanations in the instructional material, which will pass along the accumulated knowledge of the Team about the effect of variables upon the useful life and the established unit costs.  (These explanations would be a way for personnel unfamiliar with bridges to add judgment to their maintenance selection process.)

9) Provide an executive summary and a Power Point presentation about the Bridge Maintenance Manual for mid to upper management to assure recognition and support for the quality maintenance of ODOT structures. 

10) Make certain the Department’s five (5) year plan alerts the County Manager to the programming of a capital improvement project involving the rehabilitation or replacement of a bridge, so non-essential maintenance work can be deferred.

11) Identify and describe equipment, materials, and special employee skills needed to perform each of the identified bridge maintenance tasks.

12)  Identify, in the future, any large structure that is suitable for the application of the suggested force account maintenance practices within the jurisdiction.

13)  Work in conjunction with ODOT to agree on  a “unit” to be priced and a unit price where no literature source is available.

14) DEFERRED:  Integrate county/district inspection & inventory procedures.  Activity on this item will be deferred indefinitely.  The need, scope, and budget for this task will be determined at a later date stage in the development of the bridge maintenance manual.

SECTION 6

Summary of 

Proposed Budget

APPENDIX A

Staff Vitae

&

Project Experience

Dr. Osama Abdulshafi


  Director, The Ohio Local Technical Assistance Program

Visiting Associate Professor

The Ohio State University
e-mail:  abdulshafi.1@osu.edu
Tel.: (614) 292-7556PRIVATE 

EDUCATION:

Ph.D., Civil Engineering - The Ohio State University; Columbus, Ohio - 1983.

MS, Civil Engineering - The Ohio State University; Columbus, Ohio - 1981.

BS, Civil Engineering - Cairo University; Cairo Egypt - 1972.

PROFESSIONAL ORGANIZATIONS MEMBERSHIP:

 
Transportation Research Board

  
Engineers Club Of Columbus











 
American Consulting Engineers Council 

  
American Society of Highway Engineers

 
American Concrete Institute   

 
American Society for Civil Engineers 

 
Who’s Who Worldwide 

              
The Ohio Academy of Science, Second Century Founding Member 

American Public Work Association 

  
Ohio Township Association 

  
Ohio Municipal League 

  
Street Maintenance & Sanitation Officials Of Ohio 

  
Flexible Pavement Inc., of Ohio.

PROFESSIONAL COMMITTEE MEMBERSHIPS:

 
Ohio Metrication Committee

 
FPI Education Committee

 
OTEC Planning Committee

ODPS Safety Management System Committee  Ohio Committee on Pavement Management System for Local Governments


Planning Committee for the National Conference on Technology Transfer


Planning Committee for Ohio Paving Conference

 
Planning Committee for International Technology Transfer


TRB Committee on Technology Transfer

 
Ohio SuperPave Evaluation Team

Peer reviewer for papers submitted for the 4th   International Conference on Managing Pavements National Committee on Strategic Planning For LTAP

          
 LTAP National Committee on benchmarking for Best Practices

Major Scientific Achievements:

· Developed procedure to apply Time Dependent Fracture Mechanics (C*- Integral) in pavement technology.

· Developed Models using Non-linear Visco-elastic models to evaluate rutting in pavements.

· Developed procedure to evaluate the durability of HMA and RAP mixes using Energy Principles.

· Introduced the Overall Volumetric Gradation Concept and the 1/3 Power Curves for selecting gradation bands used for large aggregates base and intermediate Courses.

· Developed Pavement Management Software. 

GRADUATE STUDENTS EXAMINATION COMMITEE:


Bethanie Lynn Roy
MS degree
1994


Brett A. Dreger
MS degree
1995


Chia-Yi Chen
MS degree
1995


Xi-You Chen
MS degree
1996


Andrew C. Casto
MS degree
1996

            Likhasit Kittisatra
MS degree
1997

COURSES TAUGHT:


CE 451  
Civil Engineering Materials


CE 552  
Construction Materials


CE 693  
Individual Studies


CE 753 
Pavement Design and Materials 


CE 754 
Mechanical Properties of Engineering Materials


CE 852 
Advanced Civil Engineering Materials


CE 856 
Viscoelasticity

Supplemental activities:

  Advising:       Student advisor for Asphalt Mix Interuniversity Competition
Court appearances and Expert witness activities:

· KDOT I-670 Bridge. 

· KDOT I-20 Portland Cement Concrete roadway.

· North Africa prestressed pressurized concrete pipeline.

· Dr. Jack Boyle wife’s murder case, Mansfield, Ohio.

· Mansion Condominium case, Upper Arlington, Ohio.

· Arson case, Greenup, Kentucky.

· Angel ranch Farm case, Lancaster, Ohio.

· Weirton-Steubenville Bridge, Weirton, W.Va.

· Johnstown subdivision case, Johnstown, Pa.

· Lowe’s case, Lancaster, Ohio.

· Several appearances for small cases.  

Workshops and Seminars:

	OT2C
	Pavement Management for Local Governments

	OT2C
	Understanding SUPERPAVE

	OT2C
	Preventive Maintenance Treatments For Pavements

	OT2C
	Cold and Hot Mix Asphalt Recycling

	FHWA DP-75
	Field Management of Concrete Mixes

	Kuwait Institute of Applied Engineering
	Testing and Inspection of construction materials, 1979

	CTL Eng. Inc.
	Existing Structural Evaluation seminar, 1985

	ODNR, AML
	Construction Materials Training seminar, 1986

	FHWA Expert Task Group Washington D.C.
	Concrete For The Future, 1987

	SHRP
	Rheology seminar at Penn. State University, Pennsylvania, 1990

	SHRP
	Summer Workshop in Denver, Colorado, 1990

	
	

	
	

	
	


Published papers in refereed journals:

· Field and Lab. Evaluation of Silica Fume Modified Concrete Bridge Deck Overlays in Ohio, Transportation Research Board (TRB), Record No. 1610 Concrete in Construction, 1998.

· Performance of Flexible and Rigid Pavements in Ohio, Transportation Research Board (TRB), Record No. 1536 Pavement Design, Management, and Performance1996.

· Effect of Aggregate on Asphalt Mixture Cracking Using Time-Dependent Fracture Mechanics Approach, Effects of Aggregate and Mineral Fillers on Asphalt Mixture Performance, ASTM STP1147, Richard C. Meininger, American Society for Testing and Materials; Philadelphia 1992.

· Laboratory optimization of asphalt concrete intermediate course mixes to improve flexible pavement performance, Transportation Research Board (TRB), 1999. 
Professional Experience:

28 YEARS Total Experience

2 Years as a contractor


8 Years with state government

1 Year working with FHWA

10 Years as a consultant

7 Years with academic institution 

Partial List of Reports and Publications:

	Field and Lab. Evaluation of  Silica

Fume Modified Bridge Deck Overlay
	Transportation

Research Board

(TRB) 
	             1999

	Evaluation of benefits of adding waste

Fiberglass roofing shingles to Hot Asphalt  
	Ohio Department Of 

Transportation  (ODOT) 
	             1997

	Performance of Flexible and Rigid Pavements in Ohio 
	
	Transportation Research Board (TRB)  (TRB), Record No. 1536 Pavement Design, Management, and Performance 
	            1996

	Premature Failure of Latex Modified 

Concrete Bridge Deck Overlays in Ohio

Final Report
	Ohio Department Of 

Transportation  (ODOT) 
	1990

	Testing Procedures for Drive Posts

Final Report
	
	Ohio Department Of Transportation  (ODOT) 
	1990

	Restoration and Repair of IBM 

Corporation Garage

Columbus, Ohio
	IBM
	1988

	Concrete Bridge Deck Evaluation, I-670 Bridge, Wyandotte County
	
	Kansas Department of Transportation
	1989

	Evaluation of Union County Roads

Union County, Ohio
	Union County
	1989

	Pavement Evaluation of Wright Patterson Air Force Base Springfield, Ohio 
	Wright Patterson Air Force Base 
	1990         

	Experimental Design and Data Analysis
	A Paper presented to Strategic Highway Research Program Expert Task Group, Denver, Colorado
	1990

	Innovative Techniques to Distinguish Performance of Asphalt-Aggregate Interaction and Mixtures
	Strategic Highway Research Program (SHRP)
	
	1991

	Effect of Aggregate on Asphalt Mixture Cracking Using Time-Dependent Fracture Mechanics Approach
	Effects of Aggregate and Mineral Fillers on Asphalt Mixture Performance, ASTM STP1147, Richard C. Meininger, Ed., American Society for Testing and Materials; Philadelphia
	1992

	Large Stone Aggregate Base for Use in Ohio in Lieu of ODOT Item 301
	ODOT
	
	1993



	Reliability of AASHTO Design Equations

for Predicting Performance of Flexible 

and Rigid pavement in Ohio
	FHWA/OH-95/1447(0)
	              1995

	Large Aggregate Asphalt Concrete

Intermediate Course Mixes for Use in 

Ohio
	FHWA/OH-96/011


	1996

	Durability Characteristics of Precast

 Concrete Box Culverts
	FHWA/OH-95/14543(0)


	1995

	Field and Laboratory Evaluation of Silica-Fume Modified Bridge Deck Overlays
	FHWA/OH-95/14508(0)
	1995

	Ohio Safety Management System, Inventory Survey
	ODPS GR-1 1793.0
	1995

	Durability of Recycled Asphalt Concrete Surface Mixes
	FHWA/OH-97/003
	1997

	Evaluation of Findlay Airport
	Marathon Oil Company, Findlay, Ohio
	1985

	Evaluation and Improvement of GM-Fisher Body Pavements
	Columbus, Ohio
	
	1987

	Evaluation of Madison County Roads
	Madison County, Ohio
	1988

	Bridge Deck Condition Survey CR-57-0613
	Benatec Associates
CTL 94-90026
	1994

	Asphalt Cold Mix Evaluation
	Etna Township
CTL 95-90006
	1995

	Pavement Evaluation of Hoover Road
	Franklin County Engineer
CTL 96-20275
	1996

	Failure Evaluation of Swimming Pool
	Hammond Law Office
CTL 96-90001
	1996

	Investigation of Concrete Driveways
	Indiana Insurance Co.
CTL 95-90011
	1995

	Load Limit analysis for Asphalt Pavements
	Madison County Engineer
CTL 95-90001
	1995

	Pavement analysis for Lodi Travel Center
	Marathon Oil Company
CTL 94-90024
	1994

	Analysis and Repair of Concrete Swimming Pool
	Ohio Wesleyan University
CTL 94-90010
	1994

	Wall Failure Investigation
	Americare-Pomery

CTL 90-5387
	              1990

	Evaluation Of ODOT Concrete Class C with Coal Ash
	American Coal Ash Association

CTL 90-5324
	               1990

	Roofing Failure Evaluation
	Abrams & Weizg

 CTL 90-5191
	               1990

	Evaluation Of Pickaway Airport
	Pickaway County

 CTL 96-5137
	                 1996

	Pavement Evaluation OTC 77-96-02 and 03
	The Ohio Turnpike Commission
CTL 96-20145
	     1996


	Retaining Wall Evaluation in Pennsylvania
	Ashland Chemical
	CTL 90-5439
	1990

	Slope stability Evaluation
	Capital Square Corporation
	CTL 90-5337
	1990

	Concrete Containment Evaluation and Analysis
	Clark Processing Inc.
	CTL 90-5325
	1990

	Slab Failure analysis and investigation
	Combiblock Corporation
	CTL 90-5433
	1990

	Exhibit Pavement
	COSI
	CTL 90-5320
	1990

	Subgrade Evaluation
	EMH&T
	CTL 90-5283
	1990

	Concrete Curb Evaluation
	Engle Construction
	CTL 90-5323
	1990

	Road Evaluation
	General Electric
	CTL 90-5065
	1990

	Admixture Modified Concrete
	Gill Chemicals
	CTL 90-5335
	1990

	Pavement Evaluation
	Grove City Industrial Park
	CTL 90-5247
	1990

	Failure Analysis and Investigation of Swimming Pool
	Hardgrove & Plank
	CTL 90-5366
	1990

	Retaining Wall Analysis and Design
	Hocking County Correction
	CTL 90-5107
	1990

	Settlements Investigation of Marion Star Building
	Ishida Concrete
	CTL 90-5397
	1990

	Basement Floor Failure Investigation
	Johnson & Jerry
	CTL 90-5070
	1990

	Retaining Wall Analysis and Design
	Kirk Corporation
	CTL 90-5056
	1990

	Basement Wall Evaluation
	Kirk Corporation
	CTL 90-5193
	1990

	Block Wall Failure Investigation
	Kroger Company
	CTL 90-5330
	1990

	Pavement Failure Investigation of Huntley Road
	Nucon Corporation
	CTL 90-5258
	1990

	Prototype Modeling and Testing for Landfill Stability using Waste Owens Corning Materials


	Owens Corning Fiberglass
	CTL 90-5057
	1990

	Concrete Evaluation, Sweetwater
	R.O.C. Concrete
	CTL 90-5308
	1990

	Swimming Pool & Facilities Evaluation
	Redroof Inn
	CTL 90-5066
	1990

	Failure Investigation of Packing Facilities
	Riverview Packing
	CTL 90-5298
	1990

	Patio Evaluation
	Roderrick & Samuel
	CTL 90-5371
	1990

	Basement Leakage Evaluation
	Rogers & Robert
	CTL 90-5168
	1990

	Foundation Evaluation
	Seckel & Alexander
	CTL 90-5078
	1990

	Failure Investigation of Sidewalks
	United Cement Contractors
	CTL 90-5025
	1990

	Pavement Evaluation & Design
	Madison County Engineer
	CTL 89-5304
	1989

	Blast Damage Evaluation
	Buckeye Union Insurance
	CTL 89-5082
	1989

	Concrete Sidewalk Evaluation
	Capital Property Company
	CTL 89-5272
	1989

	Explosion Damage Evaluation
	Capital City Products
	CTL 89-5372
	1989

	Parking Lot Evaluation
	Carriage House of Columbus
	CTL 89-5357
	1989

	Evaluation of Watchtower
	Construction Systems Inc.
	CTL 89-5172
	1989

	Pavement Failure Investigation
	Due Diligence Ins.
	CTL 89-5259
	1989

	Slope Stability Analysis
	ODNR
	CTL 89-5263
	1989

	Storm Water Damage
	Eire Insurance
	CTL 89-5234
	1989

	Pavement Evaluation
	John Foster & Assoc.
	CTL 89-5071
	1989

	Evaluation of concrete streets
	Galier & Carlini
	CTL 89-5326
	1989

	Pavement Evaluation of New Towne Mall
	Glincher Company
	CTL 89-5214
	1989

	Pavement Investigation of Indian Mound Mall
	Glincher Company
	CTL 89-5213
	1989

	Roadway Material Evaluation
	Hamilton, Kramer & Myers
	CTL 89-5008
	1989

	Wall Failure Evaluation
	Kirk Corporation
	CTL 89-5221
	1989

	Pavement Failure Evaluation
	Kroger Company
	CTL 89-5308
	1989

	Pavement Design and Evaluation
	Marion East Center
	CTL 89-5382
	1989

	Tennis Court Evaluation
	Ohio Wesleyn University
	CTL 89-5251
	1989

	Pavement Management System
	OSU Physical Facility
	CTL 89-5215
	1989

	Pavement Failure Investigation
	Real Property Management
	CTL 89-5270
	1989

	Slope Instability Evaluation
	R. J. Solove
	CTL 89-5175
	1989

	Pavement Failure Investigation
	VA Medical Center
	CTL 89-5182
	1989

	Embankment Evaluation
	Webb Builders
	CTL 89-5055
	1989

	Pavement Evaluation
	BancOne
	CTL 88-5001
	1988

	Wapakoneta Street Improvements
	BBS LTD
	CTL 88-5165
	1988

	Light Towers Evaluation
	City of Columbus
	CTL 88-5124
	1988

	I-670 Over Gradview Sludge Lagoon Analysis and Evaluation
	City of Columbus
	CTL 88-5059
	1988

	Erosion Evaluation
	Cugini & Capoccia
	CTL 88-5105
	1988

	Ceramic Tile Failure Investigation
	Culp & Donald Realtor Co.
	CTL 88-5011
	1988

	Pavement Evaluation
	Devry Institute of Technology
	CTL 88-5066
	1988

	Concrete Evaluation of the Circleville Plant
	E. I. DuPont
	CTL 88-5248
	1988

	Structural Evaluation , Inland Products
	Elford Inc.
	CTL 88-5136
	1988

	Pavement Evaluation of Hamilton and Broad Streets
	EMH&T Inc.
	CTL 88-5256
	1988

	Landslide Evaluation in Cincinnati
	Indiana Insurance Co.
	CTL 88-5071
	1988

	Pavement Investigation
	Ishida Concrete
	CTL 88-5212
	1988

	Material Evaluation
	Ruscilli Construction Company
	CTL 88-5086
	1988

	Maintenance and Repair of Rickenbacker Base Roads
	URS Consultants
	CTL 88-5164
	1988

	Pavement Evaluation of Rich and McDowell streets
	CMHA
	CTL 87-5130
	1987

	Foundation Instability Analysis
	Coaxial Communication
	CTL 87-5111
	1987

	Structural Evaluation of Bridges at Belpre,Ohio
	Columbus Engr. Consultants
	CTL 87-5272
	1987

	Pavement Thickness Evaluation
	Gallery Builders
	CTL 87-5268
	1987

	Concrete Floor Analysis
	Hamilton Lumber Co.
	CTL 87-5231
	1987

	Basement Leakage Evaluation
	Health One
	CTL 87-5236
	1987

	Fill Evaluation of Pavement Area
	Heritage House
	CTL 87-5286
	1987

	Structural Evaluation of IBM Building on Town Street
	IBM Corporation
	CTL 87-5251
	1987

	Sand & Gravel Investigation
	Kokosing Construction
	CTL 87-5156
	1987

	Structural Evaluation
	Kroger Company
	CTL 87-5224
	1987

	Floor Tile Investigation
	Meijers,Inc.
	CTL 87-5215
	1987

	Fire & Structure Evaluation
	Natural Mutual Insurance Company
	CTL 87-5191
	1987

	Pavement Evaluation
	G.B. Price Enterprises
	CTL 87-5043
	1987

	Pavement Evaluation
	Real Property Management
	CTL 87-5192
	1987

	Pavement Failure
	Republic Oil
	CTL 87-5275
	1987

	Evaluation of Existing Foundation
	Riverside Hospitals
	CTL 87-5112
	1987

	Clay Pipe Evaluation
	TASA
	CTL 87-5018
	1987

	Structural Wall Evaluation
	Trinity United Presbytarian Church
	CTL 87-5122
	1987

	Corrosion Evaluation at Rickenbacker
	Woolpert Consultant
	CTL 87-5116
	1987

	Concrete Floor Slab Scaling
	Bill Crotty
	CTL 86-5052
	1986

	Foundation Evaluation
	Cigna-INA/AETNA
	CTL 86-5219
	1986

	Machine Foundation
	Ludlow Corporation
	CTL 86-5222
	1986

	Basement Evaluation
	Ron Hibbard Realty
	CTL 86-5164
	1986

	Tile Investigation
	Sawmill Athletic Club
	CTL 86-5074
	1986

	Concrete Evaluation of 5th Street
	Setterlin
	CTL 86-5003
	1986

	Concrete Electrical Resistivity
	Sloter Concrete
	CTL 86-5011
	1986

	Concrete Scaling
	Southwestern Schools
	CTL 86-5065
	1986

	Mine Subsidence
	Baker & Associates
	CTL 85-5228
	1985

	Basement Evaluation
	Blair, Kunkel & Kaiser Company
	CTL 85-5095
	1985

	Coal Analysis
	Compton Tolbert
	CTL 85-5233
	1985

	Foundation Evaluation
	Enrique Vargas
	CTL 85-5067
	1985

	Protective Concrete
	Franklin County Land
	CTL 85-5203
	1985

	Structural Damage
	Gulf Insurance
	CTL 85-5156
	1985

	Basement Wall Investigation
	HER Realtors
	CTL 85-5061
	1985

	Aircraft Hanger #5
	Holroyd & Meyers
	CTL 85-5207
	1985

	Basement Wall Evaluation
	Insurance Company of North America
	CTL 85-5045
	1985

	Pavement Evaluation
	Kal-Kan
	CTL 85-5093
	1985

	Mold Oven Foundation and walls Evaluation
	Manville
	CTL 85-5179
	1985

	Landslide Investigation
	Ohio University
	CTL 85-5079
	1986

	Parking Lot Evaluation
	Olentangy Condominium Assoc.
	CTL 85-5159
	

	Biggs Athletic Facility
	Ohio State University
	CTL 85-5084
	1985

	Basement Evaluation
	Pat Booten
	CTL 85-5108
	1985

	Concrete Dam and Driveway Evaluation
	Penry Ready Mix Concrete
	CTL 85-5064
	1985

	Coal Storage Pile
	Photogrammetric Services Inc.
	CTL 85-5002
	1985

	Blasting Failure
	Prudential Insurance Company
	CTL 85-5006
	1985

	Cement Loading Tank Evaluation
	Queen County Rail Construction
	CTL 85-5224
	1985

	Blasting Failure Investigation
	State Farm Insurance
	CTL 85-5183
	1985

	Retaining Wall Failure
	Underwriters Adj. Company
	CTL 85-5198
	1985

	Settlement Evaluation of Airway Building
	Arshot Investment
	CTL 84-5163
	1984

	Fairfield County Bridges Evaluation
	Benatec Assoc. Ltd.
	CTL84-5140
	1984

	Mansions Condos. Evaluation
	Cincinnati Insurance
	CTL 84-5152
	1984

	Retaining wall condition survey and videotaping
	City of Norwood
	CTL 84-5070
	1984

	Pavement Failure Investigation
	Dick Angel
	CTL 84-5089
	1984

	Structural Evaluation of buildings in Marysville
	Economy Fire & Casualty
	CTL 84-5084
	1984

	Aggregate Evaluation
	Ernst Aggregate Inc.
	CTL 84-5134
	1984

	Roads & Bridges Evaluation, Belmont County
	Franklin Consultants
	CTL 84-5006
	1984

	Repair Scope for Basements in Gahanna
	INA Aetna
	CTL 84-5130
	1984

	Retaining Wall Failure Analysis
	INA Aetna
	CTL 84-5187
	1984
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American Road & Transportation Builders Association, Board of Directors, 1979- 
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AASHTO Representative to the American Right of Way Association Joint 
Committee, 2 years
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Served on Board of Directors, National Association of County Engineers (NACE)
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Ohio Northern University, Outstanding Engineer Award, 1979
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Ohio Northern University, Outstanding Alumni Award, 1982

American Society of Civil Engineers, Outstanding Section Member 1990

American Society of Civil Engineers, Outstanding Sec. Civil Engineer 1997


APPENDIX B

Example Work Outline for a Bridge Component

Appendix B: Example analysis of a bridge component

                             REINFORCED CONCRETE BRIDGE DECKSPRIVATE 
                                               ON STEEL BEAMS 

Reinforcement:

           -black (uncoated)

           -epoxy coated (use started in 1977/78)

           -galvanized (used briefly in late 60’s early 70’s and again in 1998)

           -other (fiber reinforced plastic; stainless steel; etc. in future?)

Concrete

           -Class C ; used 1950’s until early 1970’s

           -Class S ;  used from early 1970’s until current

           -Type K ;  (shrinkage compensating cement) used briefly in late 1980’s and early                    

     1990’s                                               

           -HPC ;      started in mid 1990’s

           -others;     modified Class S with superplasticizers;  ground granulated blast fur-

                             nace slag cement

Thickness

           -usually 8”-9”

ROUTINE/PREVENTIVE MAINTENANCE REQUIREMENTS

-Sweep off at least once every year or as needed to minimize debris buildup in gutters

-Wash off/flush with pressurized water (200psi +/-) at least once every year in Spring, after salting of roadways is completed

-Seal with a penetrating sealer such as silane or siloxane

MAINTENANCE AND REPAIR (M&R) FOR SPECIFIC NOTED DEFECTS

        (Assuming that deck has not been previously overlaid)

              TYPICAL DEFECTS ON REINFORCED CONCRETE BRIDGE DECKS

                                           Transverse Cracking (no delaminations)

                                           Scaling

                                           Potholes in Surface (partial depth)

                                           Potholes in Surface (full depth)

                                           Unsound Throughout

                                                  SPECIFIC DEFECTS

-Cracking (usually transverse); no delaminations

     -Causes: 

           -shrinkage cracking during concrete placement

           -live load deflections of bridge

           -corrosion of reinforcing steel

    -Repairs

           -do nothing

           -seal cracks with: 

                     -High Molecular Weight Methacrylate (HMWM)

                     -Soluble Reactive Silicates (SRS)

                     -Gravity Fed Resin

-Scaling

   -Causes:

        -Improper finishing or curing

        -Concrete too wet when placed

        -Freeze/thaw damage (placed late in year)

    -Repairs:

        -If  ¼” deep or less

             -do nothing

             -pressure wash and seal with silane or siloxane

         -If deeper than ¼”

              -do nothing

              -pressure wash and seal with silane or siloxane

              -scarify and overlay (or inlay) with 1 ¼” thick speciality concrete overlay

                    -microsilica modified concrete (MSC)

                    -superplasticized dense concrete (SDC)

                    -latex modified concrete (LMC)

    -Expected life – 5 years for silanes/siloxanes; see Pothole, partial depth for overlays

     -Cost - $0.20/SF; see Pothole, partial depth for overlays

-Potholes (partial depth, usually to the top mat of resteel only)

   -Causes

         -Corrosion of reinforcing steel caused by chlorides and moisture migrating through

           the concrete

   -Repair (long term)

        -sound deck to determine extent of delamination around pothole

             -sound by using:

                     ½” dia. steel rod

                     chain drag

                     chipping hammer

        -IF unsound area does not exceed 10-15% of total deck area it is usually economical 

          to sawcut and patch with in-house crews  

            -mark extent of delamination as determined by sounding

            -sawcut 1 ½” deep (do not cut into rebar) around area to be removed; this requires                           removing additional sound material well beyond the limits of the delamination          

             -jackhammer out all material within limits of sawcuts; use caution not to damage                  
reinforcing steel                                

 -remove material under exposed top mat of resteel to about ¾” (so that one can fit fingers under rebar)

             -sandblast corrosion product from resteel

-patch area with quick setting mortar (extend product with pea gravel following         manufacturer’s recommendations)

                  -use Type 1 material for most applications (2 hour set time)

                  -use Type 2 material for cold weather applications (45 minute set time)

                  -seal around perimeter of patch with moistened paint brush before product sets

                                                                     OR

                  -seal around perimeter after patch hardens with HMWM or gravity fed resin

     -Expected Life - 5-10 years depending on quality of patch and extent of corrosion

     -Initial Costs - $100/SF

   -Repair (short term)

      -remove loose/unsound material

      -use compressed air to blow out hole

      -prime hole with asphalt tack

      -fill hole with asphaltic material

      -compact with roller or vibrating plate

      -seal around perimeter with tack material

       -Expected Life – 6 months to 1 year

       -Initial Costs - $30/SF

   -IF unsound surface area exceeds 10-15% of deck area AND IF bottom of deck does not exhibit more than 5 – 10% unsoundness (discoloration, dampness, efflorescence), it is usually more economical to remove entire surface and overlay with a speciality concrete.  This condition usually requires contract work because of specialized equipment needed.  Concrete overlays can be used regardless of the percent of surface delamination (up to 100%) as long as the deck bottom does not exhibit more than 10% unsoundness.  Taking core samples of concrete decks is also recommended as a way of determining the quality of the concrete.  This procedure will be more fully described in detail in the appendix.

     -Repair steps

           -scarify deck with milling machine a minimum ¼” deep

           -jackhammer out all unsound concrete

                                   OR

           -use hydrodemolition (high pressure water) to remove all unsound concrete

                (this is the preferred method because it causes less damage to remaining 

                  concrete and resteel)

           -overlay with MSC (preferred), SDC or LMC

   -Expected Life – 10-15 years for typical interstate mainline bridges

                               15-20 years for others

   -Costs  -  $45/SF

-Potholes, full depth

    -If only isolated areas due to accident or isolated areas of unsound concrete (no more than 1% of deck area)

       -Repair steps

         -remove additional unsound material as necessary with jackhammer

         -form bottom of hole

             -if area of hole is less than 20 SF, hang forms with wire fastened to exposed resteel

             -if area is larger, build supports up from top of bottom flange of beams

         -use Class S concrete with non-corrosive accelerator, or quick setting mortars    extended with No. 8 aggregate

   -Expected Life – indefinite

   -Cost - $300/CY

-Bottom Side Defects Exceeding 15% of Deck Area Or Unsound Cores

     -Replace Deck

          -Using Epoxy Coated Reinforcing Steel and High Performance Concrete (HPC)

     -Expected Life – 35-40 years

     -Cost - $60/SF

  *****NOTE:  Temporary repairs can be made to a bridge deck to buy more time until a more permanent repair can be made:

     -Remove all unsound surface material

     -Place a heavy asphaltic tack coat over the entire surface

     -Place 2 ½” asphalt on the deck in 2 lifts and compact by rolling

     -Expected Life – 3-5 years

     -Cost - $10/SF???

APPENDIX C

Supplemental Notes on 

Bridge Maintenance Issues

Appendix C: Supplemental notes on bridge maintenance issues 

BRIDGE MAINTENANCE, REPAIR, AND REHABILITATION

The repair of bridges often has been a reactive activity, initiated only when deterioration threatens the safety or tolerance of the public. Now, influenced by BMSs, owners are beginning to emphasize cost-effective proactive strategies from the start, when the bridge is new. One future focus will be preventive maintenance. Agencies that take the lead in this area are reaping dividends in service life through activities such as cleaning bridge components, overlaying decks, maintaining the integrity of joint seals, and spot-painting beams.

Concrete Members

Concrete members are subject to spalling due to corrosion of the underlying reinforcement; scaling caused by freezing and thawing; and cracking caused by shrinkage, flexure, or differential settlement. Advanced materials such as polymers and high-performance hydraulic cement concretes show promise for making repairs. Various kinds of noncorroding reinforcement that are under evaluation may eliminate spalling and thus reduce the need for repair.

Because spalling is caused by corrosion of the reinforcement, which is brought on by chloride contamination, a permanent repair must halt the corrosion process. Cathodic protection—effective, but seldom used to date—is one alternative. Research on chloride ion removal from the concrete also looks promising. Improved instrumentation for detecting corrosion and controlling the cathodic protection process will expand the popularity of these techniques. Protective coatings and overlays applied in a timely manner can slow salt penetration and delay the initiation of deck corrosion. The emphasis in these applications (both now and in the future) is on rapid repairs, often performed at night to minimize user costs. Polymer concretes are effective in such applications, and very early strength latex modified hydraulic cement concretes, which can be opened to traffic in only three hours, were recently tested. Overlays and patching also can use high-performance concrete or shotcrete that contains microsilicas to decrease permeability.  Similar materials can be used to repair scaling, but the best approach remains the specification of air entrainment, which is very effective in preventing the onset of distress.

Cracks are filled with an appropriate material that is inserted, poured, or pressure-injected into the opening. Specific repair methods depend on the number and size of the cracks and movement. High molecular weight methyl methacrylate, a low-viscosity material, can successfully seal shrinkage cracks. However, an effective method for sealing “working” cracks has not yet been found.

Steel Members

Damage to steel members typically results from corrosion, fatigue, and impact. If the damage from any of these causes is extensive, either a portion or the entire member may have to be replaced. Often, however, such a drastic remedy can be avoided by research findings in the following areas:

· The application of paint management systems, now under development, should greatly extend the service lives of coatings, as will research into better coating systems.

· Prompt detection of fatigue cracks through health monitoring of bridge members, a promising area of research, will facilitate the identification and repair of cracks at an early stage.

· The application of heat straightening, a technique that continues to benefit from ongoing research, may eliminate the need to replace an impacted member.
Scour and Settlement

Scour, undermining, or settlement of bridge substructure supports is the most common cause of bridge failures and the most expensive kind of damage to repair. The method of repair depends on the extent of or the potential for future damage, but it usually involves filling the void with concrete and armoring the slope. Future work involves developing both prediction models and monitoring instruments for the early detection of scour at critical sites, to warn bridge engineers and motorists of impending hazards.

Strengthening and Retrofitting of Existing Bridges

Bridge engineers have bonded carbon fiber reinforced plastic laminates to aging or damaged beams to supplement or restore load-carrying capacity. Although the lightweight carbon-fiber laminates are expensive, relatively small amounts are required, and they can be handled easily, reducing construction costs.

Composite materials are gaining in popularity for retrofitting damaged columns or enhancing the ductility of those members. The columns are wrapped in either glass or polymer-impregnated sheets that are reinforced with glass or carbon fibers; the sheets can be field-cut to fit any cross section and length. (Fibers of other materials also are being evaluated.) A coating of ultraviolet inhibitor paint completes the installation and enhances aesthetics.

Composite wraps effectively prevent damage to columns during seismic activity. Seismic isolation bearings, which minimize the effects on superstructures, and shock transmission units, which temporarily freeze bridge bearings to maximize resistance during seismic events, also are under evaluation to mitigate earthquake damage. Widespread attention to seismic vulnerability can be expected.

Deck and Superstructure Replacement Systems

Innovations in construction technology—for example, prefabricated systems that use conventional materials such as concrete, steel, and aluminum along with fiber-reinforced plastics and other emerging materials—are changing rehabilitation strategies. Although some of the systems are relatively costly, all of them offer the rapid replacement of decks or entire superstructures. As the concepts of life-cycle cost analysis and user costs are included in the replacement algorithm, acceptance of the often proprietary and expensive systems certainly will increase.

Deck Systems

Segmental Concrete Construction:  To rehabilitate the decks of heavily traveled bridges, prestressed concrete panels often are placed transversely on the supporting girders and posttensioned longitudinally. Portions of a deteriorated deck can be removed during night operations and the panels installed in time to open the structure to morning traffic. Other deck systems offer similarly rapid construction with the advantages of reduced dead load and enhanced durability.\

Advanced Composite Deck Panels

Fiber-reinforced plastic (FRP) panels offer light weight, superior corrosion resistance, and ease of erection. Several systems—most of which are composed of conventionally pultruded triangular or tube sections with deck and bottom plates and polymer concrete riding surfaces—are under evaluation at this time. Among the issues being investigated inTransportation in the New Millennium 6 the development of these structures are environmental concerns other than corrosion, connections for the members and the supporting beams, and the attachment of crashworthy barriers.

Proprietary Systems

Numerous proprietary deck and superstructure replacement systems are being marketed or evaluated at this time. Although the specifications of the following proprietary systems may present problems for public agencies, they do represent the current state of the art.

Other systems may be available, because the field is evolving rapidly.  Exodermic Bridge Decks

The Exodermic bridge deck system is a composite modular system that is lightweight and strong. It consists of a reinforced concrete slab on top of, and composite with, an unfilled steel grid. Because a steel grid is used instead of a full-depth concrete slab, Exodermic decks typically are only 50–65 percent as heavy as conventional reinforced concrete decks. Superior economy and durability are claimed.

Aluminum Bridge Decks

Reynolds Metals developed a bridge deck system that offers rapid installation with only a

light crane as well as the proven durability and light weight of aluminum components. The

deck is only 25 percent as heavy as a concrete deck, thus allowing for a significant increase

in live load capacity. Penalized initially because of its high cost, the system may prove

viable when its advantages are considered in selecting a design for high-volume locations.

Precast Concrete Sections

In 1990, Jean Muller International introduced a new segmental system called the Channel Bridge System. The channel cross section, in which the supporting beams serve as traffic barriers above the deck, increases the underclearance. Longitudinal and transverse prestressing provide strength and durability by maintaining compressive stresses in the concrete when loaded. Segments 2.5 meters long can be connected to form spans 35 meters long.

Prefabricated Steel Systems

The Quadricon system, which originated in India, is currently under evaluation by the Highway Innovative Technology Evaluation Center (HITEC). Identical components can be combined to form a variety of bridge structures that have a range of span lengths and carrying capacities.  Quadricon bridges claim the advantages of light weight and high material efficiencies.  Coatings

experience with the handling of lead-based paint, which constitutes a hazardous material when removed, has forced a management approach to coatings. Coatings management encompasses three considerations:

· Selection of coating systems

· Technologies for the removal of existing coatings

· Replacement strategies (including monitoring systems).

Coating Systems

The paint systems emerging as “the longest lasting” incorporate zinc-rich organic and inorganic primers with urethane-based midcoats and top coats using moisture-cured media. This kind of system is becoming more popular because of its tolerance to application under both low-temperature and high-humidity conditions. Recent research indicated that these systems yield favorable results.

However, the coating system with the best indicated life expectancy is not paint.  Metallization with 100 percent zinc or 85 percent zinc/15 percent aluminum produces a coating that protects bridge steel longer than any paint system currently available. Life-cycle cost analysis gives a very positive argument for using this technology, especially on new construction. Although its use on older steel is increasing, it is not as successful at present.

Removal Technologies

Older paints that contain lead-based components must be removed cleanly and with the greatest respect for the environment and for worker health. New technologies often reduce the volume of hazardous waste and ease containment requirements. Abrasives blasting with traditional and new materials completely removes the paint and provides a mechanical anchor profile for the new paint system. Depending on the combination of materials used, the lead-based paint debris may be stabilized so that it can be disposed of as a nonhazardous material.

Several paint removal technologies under development may provide viable, cost-effective options to owners and contractors for handling the lead-based paint. These technologies include:

· Electrochemical, debonding paint via low-voltage direct current;

· Plasma jet, ablating paint without distressing substrate; and

· Bioingestion, using paint-eating bacteria.

Management Strategies

Effective management systems provide owners with practical and economically sound choices for coatings maintenance. Up-to-date information about the paint type, its application, and whether an overcoat is feasible is important to the owner in making replacement and renewal decisions. It also plays an increasingly important role in a BMS.
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