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MESSAGE FROM EXECUTIVE DIRECTOR - TONY DARK 
 

T he process of creating an annual report lends itself to reflection of past accomplishments and challenges. 

It encourages one to look to the future as the many goals of the past year set the stage for what lies 

ahead. 

 

     During the past year, OTC has gained the confidence of RITA, thereby authorizing the Centerôs funding 

which was not available in the early stages of its growth. We are now ñcaught upò to a place we were         

expected to be in this stage of our first cycle of authorization as a national UTC. 

 

     Awards for the most recent round of RFPs will be announced before year end. Our second RFP will be close behind and we an-

ticipate it will provide the Center with world class equipment allowing associated research a permanent place in the national  spot-

light for transportation.  

 

     The Center has become fully compliant over the past twelve months with all reporting requirements. I am particularly gratef ul 

to the tireless efforts of Dr. Musharraf Zaman, Interim Technical Director through December 2009, and his staff. They have wo rked 

hard to develop and ensure technical reporting processes were established. Dr. Arnulf Hagen will replace Dr. Zaman as Interim 

Technical Director in January 2010. 

 

     Our website has become more user friendly and accessible to research professors, academic and industry partners. The website 

and industry involvement are two areas I expect to be reporting substantive progress on by this time next year. Establishing a new 

office location and staff in Oklahoma City will also increase the Centerôs exposure. 

 

     Leonard Bernstein was quoted as saying ñTo achieve great things, two things are needed; a plan, and not quite enough timeò. 

By Mr. Bernsteinôs estimation, I would say we are perfectly postured to achieve great things. I look forward to FY 2010. On behalf 

of Langston University, the University of Oklahoma and Oklahoma State University, we express our gratitude and thanks to Senator 

James Inhofe, RITA and our many outstanding researchers for making the Oklahoma Transportation Center a national center of 

excellence of which we all can be proud. 

 

          Thank you, 
 

 

 

          Tony Dark 
          

-2-                 OTC STRATEGIC PLAN: ECONOMIC ENHANCEMENT THROUGH INFRASTRUCTURE STEWARDSHIP 

 

 



-3-  

OTC ORGANIZATIONAL STRUCTURE 

T he OTC is a National University Transportation Center under the U.S. Department of Transportationôs Research and Innovative        

Technology Administration (RITA). Mr. Tony Dark directs the OTC. The Executive Board consists of one representative from each 

partner institution, the Director of the Oklahoma Department of Transportation, and the  Director of the Oklahoma Turnpike Authority. The 

OTC Industry Advisory Board members consist of representatives from transportation related organizations. ƴ  



 

 

OTC MISSION 
 

T he Oklahoma Transportation Center expects to marshal the talents and resources of the participating universities (OSU, 

OU, and LU) as well as Oklahoma-based private industry, governments and transportation professionals to provide world

-class solutions to challenges in building, designing and maintaining transportation systems. 

 

OTC THEME 

ñECONOMIC ENHANCEMENT THROUGH INFRASTRUCTURE STEWARDSHIPò 
 

T he economic vitality of this nation is linked directly to productivity and efficiency of our Surface Transportation System. 

The creation and development of the Interstate Highway System has stimulated our economy by effectively linking 

every part of this nation and creating timely accessibility never before experienced. The next fifty years will be full of        

challenges and opportunities for the economic growth, but we must keep pace with the increasing demands for capacity, 

safety and productivity.  

 

     OTC is positioned to be instrumental in the development of key transportation corridors facilitating national economic    

expansion. There are technical and physical limitations to the existing system that are obstacles to increased productivity, 

safety and security that must be addressed to realize the full potential and economic opportunities for our State and Nation.  

 

     The Oklahoma Transportation Center is systematically addressing these issues using the collaborative efforts of the     

University of Oklahoma, Oklahoma State University and Langston University in conjunction with transportation professionals 

in government and industry by marshalling the best talent available to examine and advance innovative solutions to these 

problems of structural limitations, inadequate capacity, security and safety. ƴ  
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OUTREACH 

ODOT-OTC Research Day | October 7, 2009 

H ow do you measure the success of the ODOT -OTC Research Day?  

If it involves collaboration amongst a diverse group of people coming together for the 

common purpose of enhancing transportation related challenges, applying creative and innova-

tive ideas to solve common problems and sharing ideas that transcend industry, educational and 

agency boundaries, then the 2009 Research Day was an overwhelming success. ƴ 

Photos from the 2009 ODOT -OTC  

Research Day:  
 

1- OTC Executive Director Tony Dark with  
     Jim Laguros, OU;  

2ï David Streb, ODOT;  

3ï Ginger McGovern, ODOT;  

4ï Wilson Brewer, Langston Univ. with OU  
     graduate students;  

5ï Dharamveer Singh, OU graduate student; 

6ï Steve Cross, OSU;  

7ï Brian Hurst, ODOT;  
8ï Kianoosh Hatami, OU. 

 



OUTREACH 
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President Obama Honors Amy Cerato with Presidential Early Career Award for Scientists 

and Engineers 

P resident Obama named 100 beginning researchers as recipients of the Presidential Early Career Awards 

for Scientists and Engineers on July 9, 2009, the highest honor bestowed by the United States govern-

ment on young professionals in the early stages of their independent research careers. The recipient scien-

tists and engineers will receive their awards in the Fall at a White House ceremony. 
   

     The Presidential Early Career Awards embody the high priority the Administration places on producing 

outstanding scientists and engineers to advance the nationôs goals and contribute to all sectors of the  

economy.  Nine Federal departments and agencies join together annually to nominate the most meritorious 

young scientists and engineersðresearchers whose early accomplishments show the greatest promise for 

strengthening Americaôs leadership in science and technology and contributing to the awarding agencies' 

missions. 
 

     "These extraordinarily gifted young scientists and engineers represent the best in our country," President 

Obama said.   
     

      ñWith their talent, creativity, and  dedication, I am confident that they will lead their fields in new break-

throughs and discoveries and help us use  

science and technology to lift up our nation and 

our world."  
 

    The awards, established by President Clinton 

in February 1996, are coordinated by the Office 

of Science and Technology Policy within the 

Executive Office of the President. Awardees are 

selected on the basis of two criteria: Pursuit of 

innovative research at the frontiers of science 

and technology and a commitment to  

community service as demonstrated through 

scientific leadership, public education, or  

community outreach. Winning scientists and 

engineers receive up to a five-year research 

grant to further their study in support of critical 

government missions.  
 

             From the White House , Office of the Press Secretary 

Photo by Chuck Zovko, Courtesy of Lafayette College 

Cerato is the Principal  

Investigator of an OTC  

sponsored research project: 

Graduate Student Recruiting 

into Critical Transportation 

Infrastructure Areas of  

Interest. The intent of this 

project is to recruit three 

highly qualified diverse  

graduate students each year 

over three years, to pursue 

transportation research, to 

foster technological  

competiveness in the future  

transportation workforce and 

to set a standard for  

continued diverse student 

recruitment at the University 

of Oklahoma College of  

Engineering. 
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OUTREACH 

Two students receive Oklahoma Asphalt Pavement Associationôs Scholarship Research   

Opportunity Award  
 

T wo students were awarded the OAPA Scholarship Research Opportunity Award on February 3, 2009 at the OAPA Awards Banquet in 

Oklahoma City. Each award is valued at $3,500 with the student receiving $2,000 and their school receiving $1,500 towards the     

research project in which they are engaged.  

         

      Introducing:  

       Robert Rose 
  

 ó99 graduate of Newcastle High School 

 ó08 Civil Engineering graduate from OSU  

 Project Advisor: Dr. Stephen Cross 

    

           Research:  Evaluation of Warm Mix Asphalt 
 

     Robert currently works for Tetra Tech in Oklahoma City.  He plans to obtain his P.E.     

     (Professional Engineerôs License) and possibly pursue a masters in Civil Engineering 

     with an emphasis in Geotechnical Engineering. 

 

     Introducing  

        Curtis Doiron 

 

 ó08 graduate of OSSM  
          (Oklahoma School of Science and Mathematics) 

            Current Engineering Physics major at OU 

          Project Advisor: Dr. Musharraf Zaman 

 

     Research:  Effect of Anti-Stripping Additives on the Surface Free Energy of Warm Mix  

     Asphalt Binders 

 

     While uncertain of his future plans, Curtis does intend to pursue graduate studies.  
 



 

 

     

 

 

OTC Seminar, September 22, 2009 

T he OTC hosted Andrew Smyth, Associate Professor of Civil Engineering and Engineering Mechanics from  

Columbia University, New York, NY at the Oklahoma Department of Transportation on September 22, 2009. 

                    The seminar was well attended by researchers, graduate students and industry representatives. 

 

Abstract: 

     Smyth cited a few recent structural health monitoring projects which illustrate the application of innovative combinations of sensors. 

In particular accelerometer and GPS sensor networks have been used in combination on two major bridges with unique load cases. The    

necessary data fusion developments and their respective benefits were presented. In addition, an ongoing FHWA-sponsored cable  

corrosion monitoring pilot project was discussed. This project involves the evaluation and  calibration of existing sensor te chnologies and 

a large scale cable mock-up experiment. 

 

Bio: 

     Smyth is an associate professor in the Department of Civil Engineering and Engineering Mechanics at Columbia University. His  

research focus is in structural dynamics, structural health monitoring and probabilistic risk assessment for civil infrastruc ture. He is the 

recipient of the prestigious  ASCE Walter L. Huber Research Prize and was awarded an NSF CAREER award. He serves on the editorial 

board of the  ASCE Journal of Engineering Mechanics and the International Journal of Structural Control and Monitoring , and is the  

Programs Committee Chair for the ASCE Engineering Mechanics Institute. ƴ  

Dr. Andrew Smyth 
 

Structural Monitoring of Long-Span Bridges:  

Some recent New York City Experiences  
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OUTREACH 

Dr. Shashi Nambisan 
  

Special Guest Speaker at Research Day 
  
  

T he OTC hosted Shashi Nambisan, Director of the Institute for Transportation (InTrans) and Professor of 

Civil Engineering at Iowa State University. 

 

     Nambisan provided an overview of transportation research and educational opportunities for university based centers and ins titutes, 

addressing potential partnerships for center activities and outlining the resulting benefits of those collaborations. The Ins tit ute for Trans-

portation at Iowa State University is an umbrella organization that serves at ISU as the focal point for transportation relat ed education, 

research, and outreach activities. Specifically, the facilities and participants at InTrans, its constituent centers and prog rams, the range 

of their activities, and the outcomes from the same were highlighted. Key  

ingredients and strategies for success in such a setting were also discussed. 

 

     Prior to  coming to Iowa State in 2007, Nambisan was at the University of Nevada, Las Vegas for about 18 years. He has led efforts 

on over 140 research projects that have addressed local, statewide, regional and national issues in transportation infrastruc ture and  

information systems management related to management, planning, safety, and risk analysis. His efforts include the developmen t and 

deployment of technology based decision support tools, and programs for transportation systems. He has taught undergraduate a nd 

graduate courses in the area of Transportation systems as well as the undergraduate capstone design course sequence. He also has 

been very active in professional societies nationally and regionally. He has received several awards and honors for his contributions as 

an educator, researcher, and leader including a proclamation by the Governor of Nevada designating January 31, 2007 as the ñProfessor 

Shashi Nambisan Dayò in recognition of his leadership role in and contributions to transportation safety. ƴ  

 

ODOT-OTC Research Day, October 7, 2009 
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CURRENT ACTIVE RESEARCH  

W. Brewer  Camp Concrete 
 

D. Gransberg  Quantifying the Costs and Benefits of Pavement Retexturing as a Pavement  

   Preservation Tool: Phase 2 
 

A. Cerato  Graduate Student Recruiting into Critical Transportation Infrastructure Areas of  

   Interest   
 

B. Balasundaram Proactive approach to transportation resource allocation under severe winter weather  

   emergencies 
 

J. Ramsey  Characterization and Mediation of Microbial Deterioration of Concrete Infrastructure 
 

K. Hatami  ODOT guidelines for geosynthetic reinforcement in aggregate base roadways in  

   Oklahoma  
 

H. Refai  Accurate Vehicle Classification Including Motorcycles using Piezoelectric Sensors 
 

T. Ley   Development of a Robust Field Technique to Quantify the Air-Void Distribution in  

   Fresh Concrete 
 

T. Kang  Relief of reinforcing congestion in beams and bent caps of concrete bridges 
 

Q. Cheng  OKCARS: Oklahoma Collision Analysis and Response System 
 

R. Vaidyanathan Recycled Carpet Materials for Infrastructure ApplicationsActiveS.ChengCommercial  

   Vehicle Route Tracking Using Video Detection 
 

K. Mish  Interstate 35 Bridge Instrumentation RenaissanceActiveJ.PeiStructural Identification  

   of a Real-World Shear Critical Prestressed Concrete Highway Bridge 
 

Z. Kong  Development of Structural Health Monitoring (SHM) Guidebook for Critical Bridge  

   Structures  

  PI               Title  

http://oktc.org/OTCv3/research.aspx?project_id=91
http://oktc.org/OTCv3/research.aspx?project_id=92
http://oktc.org/OTCv3/research.aspx?project_id=92
http://oktc.org/OTCv3/research.aspx?project_id=93
http://oktc.org/OTCv3/research.aspx?project_id=93
http://oktc.org/OTCv3/research.aspx?project_id=94
http://oktc.org/OTCv3/research.aspx?project_id=94
http://oktc.org/OTCv3/research.aspx?project_id=95
http://oktc.org/OTCv3/research.aspx?project_id=96
http://oktc.org/OTCv3/research.aspx?project_id=96
http://oktc.org/OTCv3/research.aspx?project_id=97
http://oktc.org/OTCv3/research.aspx?project_id=98
http://oktc.org/OTCv3/research.aspx?project_id=98
http://oktc.org/OTCv3/research.aspx?project_id=99
http://oktc.org/OTCv3/research.aspx?project_id=100
http://oktc.org/OTCv3/research.aspx?project_id=101
http://oktc.org/OTCv3/research.aspx?project_id=102
http://oktc.org/OTCv3/research.aspx?project_id=102
http://oktc.org/OTCv3/research.aspx?project_id=103
http://oktc.org/OTCv3/research.aspx?project_id=104
http://oktc.org/OTCv3/research.aspx?project_id=104
http://oktc.org/OTCv3/research.aspx?project_id=105
http://oktc.org/OTCv3/research.aspx?project_id=105
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CURRENT ACTIVE RESEARCH 

    

R.D. Barnes   Roadway Weather Information System and Automatic Vehicle Location (AVL) 
Coordination 

J. Comer   Oklahomaôs Transportation Infrastructure: Inventory and Impacts  

S. Commuri   Continuous real-time measurement of pavement quality during construction   

R. Bulut   Unsaturated Soil Moisture Drying and Wetting Diffusion Coefficient                
   Measurements in the Laboratory  

D.D. Gransberg  Quantifying the Costs and Benefits of Pavement Retexturing as a Pavement  
   Preservation Tool  

K. Hatami   Use of MSE Technology to Stabilize Highway Embankments and Slopes  

D.V. Howard   Summer Internship Program  

M. Kamath   A Decision Support System for Transportation Infrastructure and Supply Chain 
   System Planning  

G.A. Miller   Effect of Suction Hysteresis on Resilient Modulus of Fine-Grained Soils  

T. Ley    Investigations of a Precast Bridge Deck System 

N. Materer   Passive Wireless Corrosion Sensors for Transportation Infrastructure               

K.D.Mish   Development of an In -Situ Fatigue Sensor  

K. Muraleetharan  Soil-Structure Interaction Studies for Understanding the Behavior of Integral  
   Abutment Bridges  

M. Zaman  Tube Suction Test for Evaluation of Durability of Cementitiously Stabilized Soils 

A.K. Tyagi  Laboratory Modeling of Energy Dissipation in Broken-Back Culverts 

   PI               Title  

http://oktc.org/OTCv3/research.aspx?project_id=77
http://oktc.org/OTCv3/research.aspx?project_id=77
http://oktc.org/OTCv3/research.aspx?project_id=84
http://oktc.org/OTCv3/research.aspx?project_id=78
http://oktc.org/OTCv3/research.aspx?project_id=85
http://oktc.org/OTCv3/research.aspx?project_id=85
http://oktc.org/OTCv3/research.aspx?project_id=79
http://oktc.org/OTCv3/research.aspx?project_id=79
http://oktc.org/OTCv3/research.aspx?project_id=80
http://oktc.org/OTCv3/research.aspx?project_id=89
http://oktc.org/OTCv3/research.aspx?project_id=86
http://oktc.org/OTCv3/research.aspx?project_id=86
http://oktc.org/OTCv3/research.aspx?project_id=81
http://oktc.org/OTCv3/research.aspx?project_id=87
http://oktc.org/OTCv3/research.aspx?project_id=88
http://oktc.org/OTCv3/research.aspx?project_id=82
http://oktc.org/OTCv3/research.aspx?project_id=83
http://oktc.org/OTCv3/research.aspx?project_id=83
http://oktc.org/OTCv3/research.aspx?project_id=76
http://oktc.org/OTCv3/research.aspx?project_id=90


    

K.D. Mish  Bridges of the Future can be Created Here Today 

R.N. Emerson 

 

S.P. Pulat  Freight Movement Model for Oklahoma 

R.G. Ingalls   

 

E.A. O'Rear   Warm Mix Asphalt: Binders Rheology and Mix Performance 

S.A. Cross 

S. Lewis   

 

Radhakrishnan Methods and Tools for Studying and Improving Para transit Services  

Sarangan  

 

James   Coordinated Human Service Transportation:  Impediments and Solutions at the 

Wachtstetter  State and Local Level 

 

Marshment  Operating and Maintenance Cost Database 

 

Oberlender  Development of On-Board Survey Manual 

 

Ahmed   Transit Safety Performance Measurement Tools 

 

 

PI   Title  

    

                NAPTAG Federal Transit Authority -  Period (6/2006 -  9/2009)  

    

                Turner -Fairbank Projects - Period (9/2006 -9/2008)  
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ON-GOING RESEARCH 

http://oktc.org/OTCv3/research.aspx?project_id=32
http://oktc.org/OTCv3/research.aspx?project_id=33
http://oktc.org/OTCv3/research.aspx?project_id=34
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RESEARCH  

Laboratory Modeling of Energy Dissipation in Broken-Back Culverts 
 

 By Avdhesh K. Tyagi 

 Oklahoma State University 

 

A  recent research study conducted by the Oklahoma Transportation Center at Oklahoma State University    

indicated that there are 121 scour -critical culverts on the Interstate System, the National Highway System, 

and the State Transportation Program in Oklahoma. Replacement cost of these culverts is about $121M.           

Advantages of this research are to maximize the energy loss within the culvert, and thus, minimize the scour around the culve rt.  This 

will reduce the construction and rehabilitation costs of culverts in Oklahoma.  This project is supported by Federal Highway                 

Administration and the Oklahoma Department of Transportation.  

 

     This project develops a methodology to analyze broken-back culverts in Oklahoma such that the energy 

is mostly dissipated within the culverts or downstream of the culverts in order to minimize the degradation 

downstream. The project will investigate the range of culverts vertical drops that may result in effective  

energy dissipation and consequently minimum scour downstream of broken-back culverts. Culvert           

dimensions and hydraulic parameters for a scale model have been developed in the hydraulic laboratory at 

Oklahoma State University. 

 

     A laboratory model is constructed using plexiglass. The model size is 6 X 6 inches with two barrels. 

Wingwalls are located at the entrance and exit ends of the model. The model can pass a discharge from 1 

to 5 cubic feet per second. The similitude principle is developed to relate the discharge and velocity in the 

model and prototype culverts.  

 

     The model scale is 1:20. This relates to one foot in the model to 20 feet in the prototype. The 

broken-back culvert initially has a slope of one (vertical): two (horizontal)   simulating a drop of 24 

feet in the flowline.  

 

     About twenty experiments have been conducted in the hydraulic laboratory. So far a sill place-

ment in the culvert forms a hydraulic jump at the toe of the broken -back culvert. More experiments 

are underway to find an optimal solution for energy dissipation in broken -back culverts. ƴ   

 

 

Figure 1: Plexiglass 

model with water source  

Figure 2: Hydraulic jump at toe of      

broken-back culvert 

 



Roadway Weather Information System and Automatic Vehicle Location (AVL) Coordination 

 
 

 

R.D. Barnes 

University of Oklahoma  

 

 

I  nclement weather is a major cause of vehicle accidents on roadways. In particular, winter storms are a  

frequent emergency that must be dealt with by the Oklahoma Department of Transportation (ODOT), the  

Oklahoma Department of Public Safety (DPS) and local  municipalities.  To improve the monitoring of road conditions across the state  

and to assist in the coordination and the deployment of weather -related assets, the University of Oklahoma   Intelligent Transportation 

Systems Lab (OU ITS Lab) is developing an intelligent winter weather vehicle monitoring system that integrates automatic vehicle location 

(AVL) information from deployed plows and trucks with information regarding where (and potentially which) chemicals have been   

recently applied. This information will also be integrated with weather sensor data from ODOT Roadway Weather Information Sys tem 

(RWIS) sites and pavement and bridge sensors.  

 

     A Google-maps-based prototype of the system being developed is pictured. Our system, which integrates data from ODOT will b e 

made available to dispatchers and policy makers at that agency. The system provides the location, status and history of tracked vehicles 

in a coordinated fashion with weather sensor data. Based on our experience integrating Oklahoma Mesonet weather data into the state-

wide ITS system, we intend to include additional meteorological information as well.  

 

     The response to snow and ice conditions involves the use of numerous vehicles statewide, including snow plows and spreader trucks. 

Spreader trucks can apply a variety of chemicals which can increase traction on the roadways and reduce the potential for the  

precipitation to form solid ice on the treated roads. Typical materials that are spread on highways and other roadways during  winter 

weather include sand and deicing agents such as salts.  The application of these materials is necessary to maximize traffic safety in winter 

weather conditions. However, these chemicals not only have negative environmental impacts, they also take their toll on the p avement 

and bridges on which they are applied. They accelerate corrosion and increase the frequency of required pavement and bridge  

maintenance. 
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(Barnes continued)                 RESEARCH 

Screenshot from the Roadway Weather Information System (RWIS)  

     It is desirable to effectively use the  

resources available to state and local  

transportation -related agencies in order to both 

improve public safety on highways and  

roadways, and to reduce any needless impact 

the application of winter weather chemicals 

causes on pavement and bridges. Through the 

use of our system, we anticipate that the  

application of winter weather techniques 

(including the application of chemicals) can be 

maximized in areas in which conditions pose the 

highest risk of accidents, and that thereby  

traveler safety can be improved.  At the same 

time, we anticipate a reduction in the  

destructive impacts of these techniques along 

lower-risk roadways. As the nature of bridges 

lends themselves to increased likelihood of  

icing, these locations are particular focus of our 

system.  By monitoring bridge surface condition 

sensor data, the system can indicate when 

these structures need to be more frequently 

treated relative to other paved roadways. Once 

the system completed, it will be possible to  

integrate data from individual municipalities in the state and make the system available to other relevant local agencies to improve state 

and local coordination during winter weather emergencies. ƴ 
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RESEARCH 

 

Manjunath Kamath 

Oklahoma State University  

 

 

E fficient and effective movement of goods is vital to the success of US and global manufacturers and retailers.  

Hence, planning activities with respect to the nationôs transportation infrastructure and firmsô supply chains have     

assumed a new level of significance. This OTC project builds on the accomplishments of the Freight Movement Model (FMM) for Okla-

homa project that has been funded by the Oklahoma Transportation Center. The FMM project started in 2003 with a multi -university, 

multi -disciplinary research team comprising of Drs. Ricki Ingalls and Manjunath Kamath of Oklahoma State University (OSU) and Drs. 

Simin Pulat and Guoqiang Shen of the University of Oklahoma (OU). Dr. Shen is with the Department of City and Regional Planning and 

the rest of the investigators are from the Industrial Engineering discipline.  Dr. Carol Jones (Biosystems and Agricultural Engineering) has 

joined the OSU team for this project and brings expertise related to supply chain and logistical issues in the biofuels industry. 

 

FMM is a comprehensive and innovative freight flow model because of its multi-level (regional and state) and multi -modal (highway, 

railway and waterway) nature with decision and scenario analysis capabilities. FMM is a prototype system that models freight movement 

by   commodity type and by mode across the nation and, with more detail, within the State of Oklahoma. This prototype reflect s exten-

sive work in methodology development, model building and proof -of-concept software implementation that has been undertaken by th e 

research teams at OSU and OU.   

 

This new research effort converts the more basic FMM research components into more applied research tools for transportation  

professionals and decision makers. The decision support system (DSS) under development is expected to facilitate critical decisions  

related to transportation infrastructure planning in the public sector and supply chain system planning in the private sector . The DSS will 

also support training and education of transportation and supply chain professionals and classroom instruction through associated case 

studies in disciplines such as industrial engineering, civil engineering and regional and city planning.   

 

  

A Decision Support System for Transportation Infrastructure and Supply Chain System 

Planning  
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The primary functional modules of the DSS  

software are as follows. 

A Data Visualization Module to perform  

 exploratory visualization of detailed or          

summarized data (e.g. transportation/freight; 

demographic; and economic) in public and  

 in-house developed databases using a GIS 

interface. 

A Transportation Infrastructure and Supply 

Chain (TISC) Model Builder Module to build 

and manipulate cutting -edge strategic  

 decision support models for supply chain and 

  transportation planning issues. 

A Decision Analyzer Module to perform  

 scenario-driven (e.g. shut -down of a major  

 transportation artery; freight -demand related;  

 and policy-related) ñwhat-ifò analysis. 

A TISC Trainer/Educator Module to learn 

about strategic decisions related to  

 transportation & supply chain planning issues. 

Figure 1  Preliminary TISC DSS Software Architecture 

The outcome of the project is expected be a novel and comprehensive DSS that combines visualization, model building, decision 

analysis, and training/education features. This is significantly different from existing implementations, some of which are p roject-specific 

prototype DSS often developed by transportation and logistics consultants, hypothetical or applied research-specific demo DSS, or gen-

eral, but mostly visualization DSS. Finally, the DSS will also provide carefully selected and designed training and education materials so 

that the FMM research and DSS will be useful not only for new professional users, but also for officials/managers, students and concerned 

citizens. ƴ 
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P avement conditions data for Oklahoma show that 46% of major roads in the state are in poor or mediocre  

condition primarily caused by weak subgrade soils. Driving roads in need of repair threatens public safety and 

costs Oklahoma  motorists over $1 billion annually in extra vehicle repairs (OAPA, 2005). In the last few decades, 

state transportation agencies and industry have been challenged to build, repair and maintain pavement systems with 

enhanced longevity and reduced costs. Specifically, efforts have been made to improve the design methodology and 

to establish techniques for modification of pavement materials (NCHRP, 2004). Cementitious stabilization  

enhances the engineering properties of subgrade layers producing structurally sound pavements. However, the  

enhancement in engineering properties and the field performance of a stabilized subgrade layer in pavement  

systems are influenced by many factors including stabilizing agent type, the type of soil to be stabilized, curing time, 

the required strength, the required durability, cost, and environmental conditions.  
 

 

     Cementitious stabilization is widely used in Oklahoma and elsewhere as a remedial method to ameliorate  

subgrade soil properties (e.g., strength, stiffness, swell potential, workability and durability) through the addition of 

cementitious additives. It consists of mixing stabilizing agents such as lime, class C fly ash (CFA) and cement kiln dust 

(CKD) with soil. In the presence of water, these agents react with soil particles to form cementing compounds that are respon sible for 

the improvement in engineering properties such as strength and stiffness.  
      

 

     The current study was undertaken to determine engineering properties of cementitiously stabilized common subgrade soils in  

Oklahoma for the design of roadway pavements in accordance with the AASHTO 2002 MEPDG. These properties include resilient 

modulus (Mr), modulus of elasticity (ME), unconfined compressive strength (UCS), moisture susceptibility and three-dimensional (3-D) 

swell. Additionally, mineralogical studies such as scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS) and X-ray 

diffraction (XRD) were used to verify the findings from the macro test results.  

 

Results and Discussion  

     Results for the tested stabilized soil specimens showed that all three stabilizers improved the strength/stiffness properti es. At lower 

application rates (3% to 6%), the lime -stabilized soil specimens showed the highest improvement in the Mr values. At higher  

Engineering Properties of Stabilized Subgrade Soils for Implementation of the AASHTO 

2002 Pavement Design Guide 
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application rates, however, P-, K, V- and C-soil specimens stabilized with 15% CKD showed the 

highest improvement. The P-soil specimens, however, showed more improvement in Mr values 

due to lower PI, as compared to K-, V- and C-soil.   
 

     The mechanical (or macro) behavior could also be explained using the SEM micrographs. It 

is quite obvious that stabilization of soil resulted in hydration coating and crystals formation in 

soil matrix. It is reasoned that the crystals within the matrix provide better interlocking between 

the particles and possible higher resistance to shear deformation and also reduce void within 

the matrix resulting in overall strength gain. The results of the analysis conforms to the results 

of the Mr, ME and UCS tests. 
 

     All the three additives used in this study, namely, lime, CFA and CKD, are effective in      

reducing the plasticity index (PI) of soils. However, lime -stabilization is more effective as compared to CFA- and CKD-stabilzation in      

reducing the PI of soils.  
 

     The tube suction test (TST) results revealed that lime - and CFA-treatment is helpful because it reduces the moisture susceptibility. On 

the other hand, CKD-stabilization makes stabilized specimens more susceptible to moisture, as compared to raw soil specimens. For     

sulfate bearing soil (V-soil), however, only CFA-treatment showed promising results.  
 

     Three-dimensional (3-D) swelling test showed increase in 

volume for CKD-stabilized specimens while reduction in      

volume for lime and CFA-stabilized specimen, as compared to 

raw soil. The figure to the right shows SEM/EDS test results 

for lime-stabilized specimens (V-soil), after 60 -days of capillary 

soaking. 
 

     As indicated in this study, assessment of stabilized soil 

specimens on the basis of strength/stiffness (M r, ME, UCS) 

alone can be misleading. In addition, t his study generated 

useful information that would enrich the database pertaining 

to Mr, ME, UCS, 3-D swell and moisture susceptibility of se-

lected soils in Oklahoma. An enriched database would benefit 

highway    agencies, specifically pavement engineers, when 

dealing with construction of new pavements or rehabilitation 

of existing pavements. It will also facilitate the implementation 

of the new AASHTO 2002 pavement design guide. ƴ 

SEM/EDS of Ettringite Deposited in the Lime-Stabilized V-soil Specimens  

(After 60-Day Swell) 

Setup for Tube Suction Test 

 


