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OVERVIEW: CENTER FOR TRANSPORTATION 
INFRASTRUCTURE AND SAFETY 

 
Introduction 
 
Throughout three years of operation as a National University Transportation Center (NUTC), the 
Center for Transportation Infrastructure and Safety (CTIS) has become a Center of Excellence 
on the theme areas of advanced materials, transition-state fuel vehicle infrastructure and non-
destructive testing technologies.  
 
CTIS has provided the faculty, staff and students at Missouri University of Science and 
Technology (Missouri S&T) with the means for establishing key relationships with 
transportation-oriented state and federal agencies and industry partners. With NUTC leverage, 
the research and development (R&D) projects carried out at Missouri S&T have created the 
critical mass and the track record necessary to establish a Center of Excellence.  
 
In addition to contributing to successful and relevant R&D projects, with the development of 
significant educational resources and by facilitating the transfer of advanced technology 
developed within the Center’s theme areas, CTIS has impacted the quality of available education 
for engineers and transportation professionals, equipping engineers with interdisciplinary skills 
and experiences. As a result of CTIS activities, new academic programs for educating better-
prepared engineers have been created at Missouri S&T and the University has become, and 
continues to be, the provider of the Local Technical Assistance Program (LTAP) for the state of 
Missouri. 
 
Since its inception, CTIS has performed work in accordance with its strategic plan to accomplish 
projected goals in the areas of education, research and technology transfer. CTIS has put forth 
significant efforts to become highly visible and credible with the aim to recruit and retain quality 
students, faculty and professionals and to make significant contributions to transportation-related 
fields. 
 
 
Future 
 
The future activities of CTIS will continue to draw on the capabilities and campus expertise in 
the areas of advanced materials, transition-state fuel vehicle infrastructure and non-destructive 
testing. Partnerships with industry professionals and organizations will be continuously sought 
out and developed. 
 
In particular, CTIS aims to become the point of reference and preferred partner of industry 
organizations that have not traditionally been involved with transportation-related applications 
and activities. The intention is to improve the quality and lifespan of existing transportation 
infrastructure using the broadest-based technology possible and to stimulate the economic 
viability of U.S. corporations.   
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Mission and Theme 
 
Mission: The mission of the Center for Transportation Infrastructure and Safety (CTIS) at 
Missouri S&T is to advance U.S. technology and expertise in the many disciplines comprising 
transportation through the mechanisms of education, research and technology transfer at 
university-based centers of excellence. 
 
Theme: To address national needs in the areas of transportation infrastructure and safety, 
focusing on the following topical areas: 

• Advanced materials including constructed facilities security, which will involve several 
tasks: 

o The development, manufacture and application of modern construction materials 

o Installation processes and engineering design 

o Standardization and code approval of products and design protocols 

• Transition-state fuel vehicle infrastructure leading to a hydrogen economy, which will 
require two critical tasks: 

o Development of safety codes, standards and regulations 

o Infrastructure development and deployment 

• Non-destructive evaluation (NDE) technologies and methods including monitoring 
and evaluation of new and repaired structures and system components. 

Advanced materials developed for use in transportation infrastructure offer superior mechanical 
properties, long-term durability and design flexibility. R&D in advanced materials address the 
growing needs for strengthening/rehabilitation of aging structures and for the design/construction 
of new structures to more stringent requirements and for extended service life. These materials 
apply to all modes of surface transportation. 
 
Alternative fuel vehicles face the same implementation challenges as that of hydrogen vehicles. 
Research, development, demonstration and deployment activities of alternative fuel (including 
hydrogen) vehicles and supporting infrastructure across all modes of transportation address the 
growing need for a successful transition to a hydrogen economy. 
 
Recent advances in sensor technologies and NDE techniques offer new methods of non-
intrusive, in-situ monitoring of the health, geometric, environmental and structural 
characterization of civil structures and their supporting systems. NDE sensor technologies and 
methods enable more accurate, sensitive, cost-effective, rapid and straightforward evaluations. 
Integration of NDE technology to existing and future infrastructure systems will improve 
network evaluation and enhance the safety of the transportation infrastructure. 
 
The choice of the Center theme comes from an analysis of state and national needs/opportunities, 
as well as the strengths/potential of Missouri S&T. We are walking the bridge that connects the 
transportation infrastructure of the second millennium to that of the third millennium. Existing 
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infrastructure was conceived to support vehicular traffic powered by fossil fuel and has dramatic 
shortcomings in terms of durability and congestion. But the future will be an intelligent 
infrastructure incorporating advances in information technology and supporting a new generation 
of alternative fuels up to an ending point, which is conceivably hydrogen, with all the associated 
challenges in terms of safety, deployment and market acceptance. 
 
Missouri S&T has determined that it is of critical importance to its own mission and future as 
well as the economical success of the state of Missouri to focus on advanced materials in order 
to: a) help with the upgrade and maintenance (including security hardening) of the existent 
infrastructure; and b) contribute to the development of the new infrastructure. Similarly, NDE 
methods and techniques are a core area of expertise at Missouri S&T and their development and 
deployment will help with the health monitoring of existing infrastructure and will become an 
integral part of new infrastructure to ensure both acceptance and safety. Finally, the Center will 
use a systematic approach to tackle the challenge of alternative fuels (including hydrogen) as the 
only viable methodology for the safe deployment of a new form of transportation. 
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MANAGEMENT STRUCTURE  
 
This section presents an overview of the Center’s management structure and staff, those 
individuals who actively contribute to the functioning of Center activities, as well as information 
about the composition and purpose of the Research Advisory Board. 
 
 
Center Staff 
 
In addition to the Interim Director, the following individuals actively contribute to the 
management/operation of the Center: one associate director, four office staff persons and three 
laboratory staff persons. The Research Scholar and Lab/Research Technician laboratory staff 
positions are currently open. 
 

Name Title Address/Phone/Fax/E-mail Responsibilities 
Myers, J. J. Interim 

Director 
325 Butler-Carlton Hall, Rolla MO 65409 
573-341-6618/6215 jmyers@mst.edu 

Center management 
 

Sheffield, J. Associate 
Director 

331 Toomey Hall, Rolla MO 65409 
573-341-6073/4607 sheffld@mst.edu 
 

Research activities 

Spitzmiller, G. Admin. 
Assistant 

221 ERL, Rolla MO 65409 
573-341-7170/6215 spitz@mst.edu 
 

Administration and 
accounting 

Sherman, A. Senior 
Secretary 

222 ERL, Rolla MO 65409 
573-341-7884/6215 abigayle@mst.edu 
 

Clerical support/ 
student appointments

Geisler, C. Secretary 223 ERL, Rolla MO 65409 
573-341-4497/6215 geislerc@mst.edu 
 

Clerical support  

Dafni, J. Technical 
Editor 

220 ERL, Rolla MO 65409 
573-341-7848/6215 dafnij@mst.edu  
 

Publications/website 

Open Position Research 
Scholar 

218 ERL, Rolla MO 65409 
573-341-6223/6215  
 

Research 
activities/mentoring 

Cox, J. Sr. Research 
Specialist 

G-8 ERL, Rolla MO 65409 
573-341-6742/6215 coxjn@mst.edu 
 

Laboratory and field 
testing/coordination 

Open Position Lab/Research 
Technician 

G-8 ERL, Rolla MO 65409 
573-341-7895/6215  
 

Laboratory testing/ 
equip. maintenance 
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Research Advisory Board 
 
A Research Advisory Board (RAB) has been assembled to advise the Center Director on 
management procedures and, with adherence to specific merit criteria, to review the research 
project funding selection process. The RAB considers a proposed research project’s intellectual 
merit: to what extent it advances knowledge and understanding within the Center’s theme areas; 
and a proposed research project’s potential impacts: how the results will be disseminated and 
what groups will receive the information. 
 
Members of the RAB were selected based on personal accomplishments, background and 
affiliations on a regional and national level. The RAB is representative of all disciplines and 
departments covered by the Center’s theme and can effectively guide the Center’s course. The 
following people comprise the Center’s RAB: 
 

• Mara Campbell, MoDOT, R&D Division 
• William P. Chernicoff, USDOT-RITA, National Level Hydrogen Rep., ex-officio 
• Mary Davis, Missouri Enterprise, President and Chief Executive Officer 
• Ken Foster, FHWA Division Bridge Engineer 
• Dennis Heckman, MoDOT State Bridge Engineer 
• David Hohmann, TxDOT State Bridge Engineer 
• Barney T. Martin, Ph.D., Modjeski & Masters Engineers, Designer, NY Office 
• Jim Myers, Coreslab Structures Inc., Fabricator-Producer 
• John J. Myers, Ph.D., Center Director, Missouri S&T, ex-officio 
• Angie Rolufs, Missouri Transportation Institute (MTI), ex-officio 
• John Sheffield, Ph.D., Center Associate Director, Missouri S&T, ex-officio 
• Raj Valluvan, P.E., Ph.D., Caltrans 

 
In addition to these members, CTIS staff intends to select a representative of the hydrogen fuel 
industry. This is a rotating position.  
 
The RAB last met on December 2, 2008 at the Havener Center at Missouri S&T. CTIS staff 
provided an overview of current activities, finances, new and ongoing projects and the Center’s 
strategy for the future. The following topics were also discussed: the role of the RAB and 
frequency of meetings; budget and funding with regard to research projects; ideas and 
suggestions for the future strategy; measures of success; and a permanent director.  
 
The next meeting of the RAB will be held in late Fall 2009. 
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OVERVIEW OF EDUCATION, RESEARCH, AND TECHNOLOGY 
TRANSFER PROGRAMS 

 
This section presents a summary and overview of all projects awarded in Year III (2008-2009).  
 
Research Projects 
 
R255—Soy-Based UV Resistant Polyurethane Pultruded Composites 
[Chandrashekhara, K., PI – Missouri S&T, new in this reporting period] 
 
The objective of this project is to develop and evaluate the performance of soy-based 
polyurethane pultruded composites. Neat resin coupons and pultruded composite parts will be 
manufactured using the developed aromatic and aliphatic PU resin systems. Also, parts will be 
manufactured by incorporating nano-engineered fillers in the aliphatic soy-based PU resin 
system to compensate the loss of mechanical performance over aromatic PU resins. The cure 
kinetics of polyurethanes will be studied by differential scanning calorimetry (DSC) and the 
reaction rates of the aliphatic and aromatic polyurethanes will be compared. Mechanical 
performance will be evaluated by conducting tensile, flexure and impact tests. The economics of 
aromatic system and aliphatic systems will be assessed. 
 
Polyurethane (PU) resin systems exhibit superior strength and damage tolerance relative to 
unsaturated polyester and vinylester pultrusion resins. Also, high pultrusion line speeds can be 
achieved using PU resins. In our previous study, we have successfully evaluated pultrudable PU 
with aromatic isocyanate and soy-based polyol (with 20% soy content). The performance of the 
soy-based resin is comparable to the base PU resin. However, aromatic PU based composites 
have poor environmental stability under UV light exposure and require specialized painting to 
provide protection. Aliphatic PU resins provide improved UV resistance but exhibit lower 
mechanical performance in comparison to aromatic polyurethanes. This project will investigate 
pultrudable PU resin systems with aromatic and aliphatic isocyanates, and soy-polyol.  
 
R254—Missouri S&T Hydrogen Transportation Test Bed Equipment & Construction 
[Sheffield, J., PI – Missouri S&T, new in this reporting period] 
 
The objective of this project is focused on one of the Missouri S&T NUTC’s theme areas:  
Transition-state fuel vehicle infrastructure leading to a hydrogen economy. Two identified tasks 
associated with this theme are the following: 1) development of safety codes, standards and 
regulations, and 2) infrastructure development and deployment. The overarching goals of this 
research are to collect and evaluate the real-world performance and utility of hydrogen-powered 
vehicles and to benchmark issues related to the safety, operation and maintenance of hydrogen-
powered vehicles with other alternative fuel-powered vehicles.  
 
NUTC funds, along with specific project matches, have allowed Missouri S&T to accomplish 
Phase I of the “E3 Commons.” Tackling Phase II requires complementary capabilities for these 
three areas of the Commons: EcoCAR Garage, Hydrogen Fueling Station and Renewable Energy 
Transit Depot. Upgrading the Missouri S&T E3 Commons provides a unique transportation test 
bed for both current and future university transportation research projects focused on the 
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transition-state fuel vehicle infrastructure leading to the vehicular use of hydrogen as a fuel in 
both internal combustion engines and fuel cell plug-in hybrid electric vehicles at Missouri S&T. 
 
R253—The Guayule Plant: A Renewable, Domestic Source of Binder Materials for Flexible 
Pavement Mixtures 
[Richardson, D., PI – Missouri S&T, new in this reporting period] 
 
The objective of this project is to determine the feasibility of using materials extracted from the 
guayule plant in the design and production of flexible pavement mixtures. 
 
A flexible pavement mixture produced with little to no virgin petroleum-based material will be 
designed and tested. Due to the rising price of crude oil, the costs of flexible pavement have 
significantly increased. Therefore, the potential impact on highway construction could be lower 
costs. A thorough experimental program is necessary to assess the limits of the use of guayule 
rubber and resin in the context of this concept.  
 
R250—Innovative Concrete Bridging Systems for Pedestrian Bridges: Implementation and 
Monitoring 
[Myers, J., PI – Missouri S&T, new in this reporting period] 
 
The objective of this project is to fabricate, instrument and monitor two new pedestrian bridges 
utilizing innovative advanced concrete in Rolla, MO. As part of the study, one pedestrian bridge 
will be constructed with high-strength concrete (HSC) as a baseline structure, while the second 
bridge will be constructed with high-strength, self-consolidating concrete (HS-SCC). 
 
The use of HSC has become ordinary in the transportation industry because of its beneficial 
economical and material properties. HSC is advantageous because it reduces material 
requirements, permits longer girder spans and allows for increased girder spacing; thereby 
reducing material and total bridge cost. Over the past few years, the use and acceptance of SCC 
has increased in the U.S. due to the reduced potential for segregation, voids and surface defects. 
Because of the availability of new admixtures for SCC, fabrication time and labor costs can be 
reduced. Due to these advantages, SCC is becoming the material of choice for the precast 
industry. The combination of the performance characteristics of SCC with the engineering 
properties of HSC will produce a cost effective material for the construction industry.  
 
R247-R242—MTI/MoDOT Transportation Geotechnical Research Program 
The objective of the Geotechnical Research Program is to achieve significant and recurring cost 
savings for Missouri Department of Transportation (MoDOT) by developing improved, 
technically sound design specifications. The new specifications will be based on LRFD concepts 
which produce consistent and appropriate performance/risk factors for the local conditions and 
consequences involved. 
 
This will lead to substantial cost savings by avoiding excessive conservatism in cases where it is 
not warranted and by avoiding excessive maintenance and rehabilitation costs in cases where 
performance is unacceptable. The execution and completion of this program will address many 
of MoDOT’s most pressing research needs while making notable improvements to the state of 
the art and practice of geotechnical engineering at a national and international level.  
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The following six research projects represent components of this comprehensive research 
program. 
 
R247—Tasks 2 & 4 
[Loehr, J., PI – UMC, new in this reporting period] 
 
The objective of these tasks is to establish load and resistance factors for design of earth slopes 
and foundations and to develop recommended LRFD design specifications for implementation.  
 
Specifically, Task 2 involves full-scale load testing of foundation elements to evaluate and 
quantify variability and bias in relevant design methods for deep foundations. Task 4 will 
integrate the results of lab and field investigations performed as part of this research program. 
 
R246—Tasks 2 & 4 
[Luna, R., PI – Missouri S&T, new in this reporting period] 
 
The objective of Task 2 is to evaluate and quantify variability and bias in relevant design 
methods for deep foundations through a program of full-scale load testing of foundation 
elements. Task 4 will focus on performing analyses to integrate the results of lab and field 
investigations performed as part of this research program. 
 
The load test program will develop methods and procedures to design the lowest cost bridge 
foundations in different geologic conditions, to improve foundation selection so that the most 
appropriate foundation type is selected, and to decide when design and/or construction phase 
field load tests will produce lower cost structures. The primary means for achieving this 
objective will be to quantify the bias and variability introduced into the foundation design 
process by relevant design methods. The combined effects due to input parameters and due to 
design procedures will be integrated in the LRFD specifications developed as part of Task 4.  
 
R245—Task 3 
[Bowders, J., PI - UMC, new in this reporting period] 
 
The objective of this task is to quantify the relationship(s) between costs and risks and identify 
optimum risk-cost balances and minimally accepted risks for bridge foundations and earth 
slopes. Specifically, this task will establish generally accepted target risk levels for different limit 
states and structure types based on the costs and consequences involved. 
 
This specific portion of the work focuses on completing an extensive lab and field testing 
program to quantify variability and bias in relevant design parameters (e.g. shear strength and 
consolidation parameters) as a function of specific boring, sampling and testing techniques.  
 
R244—Tasks 1 & 3 
[Maerz, N., PI - Missouri S&T, new in this reporting period] 
 
The objective of Task 1 is to develop methods and procedures for characterizing design 
parameters relevant to bridge foundations and earth slopes in a probabilistic manner to allow 
appropriate consideration of risk in the design process. The focus of these efforts will be to 
develop the knowledge, procedures, and techniques to perform site characterizations that will 
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produce the lowest cost transportation products possible on a system-wide basis. Specific 
objectives include: 
 

• Quantify “hidden” conservatism or “bias” in measurements of design parameters relevant 
to foundations and earth slopes based on current practices and potential improvements to 
those practices 

• Develop methods to establish site specific variability in design parameters for use in 
LRFD design specifications based on laboratory and field measurements  

 
The objective of Task 3 is to quantify the relationship(s) between costs and risks and identify 
optimum risk-cost balances and minimally accepted risks for bridge foundations and earth 
slopes. This specific portion of the work focuses on completing an extensive lab and field testing 
program to quantify variability and bias in relevant design parameters (e.g. shear strength and 
consolidation parameters) as a function of specific boring, sampling and testing techniques.  
 
R243—Task 1 
[Ge, Y., PI - Missouri S&T, new in this reporting period] 
 
The objective of Task 1 is to develop methods and procedures for characterizing design 
parameters relevant to bridge foundations and earth slopes in a probabilistic manner to allow 
appropriate consideration of risk in the design process. The focus of these efforts will be to 
develop the knowledge, procedures, and techniques to perform site characterizations that will 
produce the lowest cost transportation products possible on a system-wide basis. Specific 
objectives include: 
 

• Quantify “hidden” conservatism or “bias” in measurements of design parameters relevant 
to foundations and earth slopes based on current practices and potential improvements to 
those practices 

• Develop methods to establish site specific variability in design parameters for use in 
LRFD design specifications based on laboratory and field measurements  

 
This specific portion of the work focuses on completing an extensive lab and field testing 
program to quantify variability and bias in relevant design parameters (e.g. shear strength and 
consolidation parameters) as a function of specific boring, sampling and testing techniques.  
 
R242—Task 1 
[Likos, W., PI - UMC, new in this reporting period] 
 
The objective of Task 1 is to develop methods and procedures for characterizing design 
parameters relevant to bridge foundations and earth slopes in a probabilistic manner to allow 
appropriate consideration of risk in the design process. The focus of these efforts will be to 
develop the knowledge, procedures and techniques to perform site characterizations that will 
produce the lowest cost transportation products possible on a system-wide basis. Specific 
objectives include: 
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• Quantify “hidden” conservatism or “bias” in measurements of design parameters relevant 
to foundations and earth slopes based on current practices and potential improvements to 
those practices 

• Develop methods to establish site specific variability in design parameters for use in 
LRFD design specifications based on laboratory and field measurements  

 
This specific portion of the work focuses on completing an extensive lab and field testing 
program to quantify variability and bias in relevant design parameters (e.g. shear strength and 
consolidation parameters) as a function of specific boring, sampling, and testing techniques.  
 
R241-R233—MTI/MoDOT Structural Collaborative Research Program 
The objective of the Structural Collaborative Research Program is to effectively address 
Missouri Department of Transportation’s (MoDOT) and the nation’s needs in developing better, 
faster and cheaper solutions for transportation structures with superior long-term performance, 
innovative construction technologies and effective maintenance and preservation strategies. For 
MoDOT, emphases will be placed on critical needs, reducing costs of inspection, maintenance 
and repair, ensuring bridge safety and providing durable solutions.  
 
This program is a collaborative effort of MoDOT and the University of Missouri (UM) 
Structures faculty with administrative oversight from Missouri Transportation Institute (MTI), 
which will span twenty-two months. The following nine research projects represent components 
of this comprehensive research program. 
 
R241—Project 2c: Alternative and Cost-Effective Bridge Approach Slabs - UMKC 
[Thiagarajan, G., PI - UMKC, new in this reporting period] 
 
The objective of this project is to investigate the causes for any bumps at the end of a bridge 
approach slab and to develop remedial measures or alternative designs for a replacement.  
 
It is clear that the problem of cracking and riding discomfort due to the “bump at the end of the 
bridge” stems largely from geotechnical considerations. In many instances compaction of soils 
under uncertain conditions when the bridge is being constructed may not be properly achieved.  
Provided that differential settlements cannot be entirely mitigated by geotechnical solutions, this 
study will be focused on cost-effective structural solutions for bridge approach slabs that will be 
ready for field implementation. 
 
R240—Project 2c: Alternative and Cost-Effective Bridge Approach Slabs - UMC 
[Gopalaratnam, V., PI - UMC, new in this reporting period] 
 
The primary objective of this project is to investigate the causes for any bumps at the end of a 
bridge approach slab and to develop remedial measures or alternative designs for a replacement. 
This will be addressed with the following steps: 
 
1. Evaluate and document the current condition of existing bridge approach slabs with data 
available and gather additional data from a field study. From this study, the primary issues 
associated with the performance of approach slabs will be identified. 
 



 

 

 

A - 11

2. Perform a best practice study of similar work done around the country and the practices 
adopted as a result of the study. Particularly review existing practices and innovations in Iowa, 
New Jersey and Louisiana DOTs. 
 
3. Study the effect of a) span length variation, b) slab thickness variation and c) end condition 
variations in order to design a slab that could potentially withstand varying geotechnical 
conditions. 
 
4. Study the feasibility of alternative solutions such as precast prestressed systems from both a 
design and construction cost perspective. 
 
5. Provide final design specifications and acceptance criterion for the proposed bridge approach 
slab system. 
 
R239—Project 2a: Reliability-Based Evaluation of Bridge Components for Consistent 
Safety Margins - UMC 
[Orton, S., PI - UMC, new in this reporting period] 
 
The objective of this project is to calibrate load and resistance factors to achieve a more uniform 
level of safety in bridge design. The calibration of the load and resistance factors will specifically 
consider Missouri environment. Load factors will be calibrated to achieve two goals: 1) the 
bridge components should have consistent safety margins, and 2) the bridge components 
designed with LRFD should be compatible with components designed with LFD which have 
performed well for the past years. Tasks include: 
 

• To develop service load models and to establish service limit state criteria for Missouri 
conditions and environment based on past maintenance records 

• To calibrate the LRFD Bridge Design Guidelines (MoDOT, 2007) and to identify over-
conservatively designed bridge components for overall cost reduction 

• To develop necessary revisions of MoDOT Standard Plans for Highway Construction for 
typical types of MoDOT bridges to reflect the LRFD design philosophy 

 
R238—Project 1a: Structural Steel Coating for Corrosion Mitigation - UMC 
[Washer, G., PI - UMC, new in this reporting period] 
 
The objective of this project is to determine the most cost-effective coating system for structural 
steel bridges in Missouri by evaluating the past performance of coatings and testing the 
performance of new coatings.  
  
Field evaluation of the existing coating systems in Missouri will be conducted to determine the 
past and current performance. The steel coating systems and procedures being utilized by other 
state DOTs will be evaluated with respect to current practices to identify areas to be examined 
for enhancing current practices and potential cost impacts. A consistent and quantitative method 
for characterizing the condition and performance of an in-place coating will be defined based on 
experiences in other states, standards and needs so that a systematic study of coating 
performance in Missouri can be undertaken. The field performance survey will document and 
correlate factors such as environment, location and extent of coating failure/corrosion, surface 
preparation procedures, etc. 
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R237—Project 2d: Calibration of Load and Resistance Factors in LRFD Foundation 
Design Specifications – Missouri S&T 
[Chen, G., PI - Missouri S&T, new in this reporting period] 
 
The objectives of this project include: 
 
1)  Develop a new design methodology for drilled shaft foundations to allow for limited 
displacements under gravity loads 
 
2)   Analyze representative highway bridges to understand the effect of foundation displacements 
on the design loads and strength requirements of the bridge superstructure 
 
3)  Calibrate the load and resistance factors in LRFD design specifications 
 
Foundation is a critical part of a bridge system not only affecting the stability of the overall 
system, but also constituting a significant portion of bridge construction costs. Therefore, better 
calibrations for field tests are imperative. Foundation design calibrations warrant the 
consideration of a bridge system and thus require a close collaboration between geotechnical and 
structural engineering. Typical bridges will be analyzed to understand the demand (load factor) 
on drilled shaft foundations and the required strength (resistance factor) given a certain allowable 
displacement. Both load and resistance factors will be calibrated with the Missouri environment 
and traffic conditions using a reliability-based approach. 
 
R236—Project 2b: Coated Steel Rebar for Enhanced Concrete-Steel Bond Strength and 
Corrosion Resistance – Missouri S&T 
[Chen, G., PI - Missouri S&T, new in this reporting period] 
 
The objective of this project is to optimize technology for construction of reinforced concrete 
(RC) structures for bridges, with the goal of reducing construction costs while improving 
structure performance. The conventional approach to improve the corrosion resistance of steel 
rebar is to apply a coating, like epoxy, that provides a physical barrier to the corroding 
environment. However, these coatings do not improve the bond strengths between the steel and 
the surrounding concrete environment. The chemically bonded reactive enamel coatings of this 
study increase bond strength while providing corrosion protection.   
 
Approximately 90% of the bridges in the MoDOT inventory are RC structures. Construction and 
maintenance of RC bridges constitute a major portion of the up-front costs in the MoDOT bridge 
budget. Therefore, the development and utilization of new technologies that reduce the amount 
of steel needed for safe RC structures and that prolong the useful lifetimes of steel RC members, 
beam-column joints and column-footing connections could have a significant impact on MoDOT 
operations, especially as steel prices continue to increase. More importantly, using less 
reinforcement in joint and connection areas will alleviate the congestion of reinforcing bars and 
reduce the time-consuming construction process from rebar caging to concrete casting, 
ultimately improving the quality and structural safety of a constructed RC bridge. In order to 
reduce the RC bridge construction cost by 10%, innovative yet cost-effective reinforcing bars 
need to be developed to significantly increase concrete-steel bond strength and offer long-term 
corrosion resistance compared to conventional steel rebar. 
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R235—Project 2a: Reliability-Based Evaluation of Bridge Components for Consistent 
Safety Margins – Missouri S&T 
[Kwon, O., PI - Missouri S&T, new in this reporting period] 
 
The objective of this project is to calibrate load and resistance factors to achieve a more uniform 
level of safety in bridge design. The calibration of the load and resistance factors, specifically 
considering the Missouri environment, will lead to a reduction in the up-front cost of bridges. 
Load factors will be calibrated to achieve two goals: 1) the bridge components should have a 
consistent safety margin and 2) the bridge components designed with LRFD should be 
compatible with components designed with LFD, which have performed well in the past. 
 
Task 1 of the project will include identification of service load in Missouri; identification of 
Service Limit State of existing bridges designed with Load Factor Design (LFD); and associated 
costs to maintain bridge performance. Extensive data for the past 20-30 years will be collected, 
including daily traffic, bridge maintenance records and relevant costs. The collected data will be 
organized in an efficient and extensible database, which can be used in Task 2 and 3 as well as 
for a future study. Service Limit State will be determined based on past performance of bridges. 
In Task 2, reliability of bridge components designed with LRFD will be analytically evaluated. 
Load models and Service Limit States from Task 1 will be used in the reliability analysis. Task 3 
will result in revised load factors for LRFD Guidelines will be suggested. In addition, necessary 
changes in the current MoDOT Standard Plans for Highway Construction will be identified and 
made in consultation with MoDOT bridge engineers. The revised Standard Plans will guide 
private consultants and MoDOT engineers for new bridge designs that are consistent with the 
LRFD Bridge Design Manual.  
 
R234—Project 1b: Spalling Solution of Precast–Prestressed Bridge Deck Panels 
[Belarbi, A., PI - Missouri S&T, new in this reporting period] 
 
The objective of this project is to investigate the cause for spalling in precast-prestressed panels 
and cost-effective mitigation solutions for existing bridge decks, as well as to review improved 
design options for new construction. Alternative solutions will be proposed and evaluated. This 
will include fundamental laboratory studies to evaluate and validate the proposed design. It will 
also include the development of procedures for the design of prototype bridge deck panels that 
are corrosion-free to eliminate the spalling problem. Field implementation and performance 
monitoring of the bridge deck panel on new construction and/or replacement of existing bridge 
decks will constitute Phase II of the project. 
 
It was recently observed that some bridges in the MoDOT inventory have experienced rusting of 
embedded steel reinforcement and concrete spalling issues in deck panels. The plausible reasons 
for the spalling observed in many bridges currently in service likely include corrosion of the steel 
in the panels due to use of deicing salts, permeability/cracking in the panels and inadequate 
concrete cover. Corrosion of steel reinforcement can be detrimental as it can result in shorter life 
spans for the deck panels. 
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R233—Project 1a: Structural Steel Coatings for Corrosion Mitigation – Missouri S&T 
[Myers, J., PI - Missouri S&T, new in this reporting period] 
 
The objective of this project is to utilize collected data to identify and test an improved system(s) 
for coating structures in the field. The tasks will consider a broad range of available coating 
types and result in recommendations that provide low cost, low risk of failure systems for most 
common scenarios. 
 
Significant maintenance costs are extended nationwide each year for coating structural steel 
bridge elements in an effort to protect them from corrosion and deterioration. Coating of 
structural steel presents a significant, costly maintenance challenge that is critical to mitigating 
the detrimental effects of corrosion thereby extending the service life of bridges and reducing 
operational costs. The field performance of coating can be inconsistent, being affected by the 
quality and method of surface preparation, the environment surrounding the bridge, presence of 
chlorides and corrosion products, the type of coating utilized and other factors. The goal of this 
study is to identify the most cost effective coating for protecting structural steel from corrosion, 
with consideration of factors such as ease of installation, long-term performance and costs. 
 
R232—Developing Raman Spectroscopy for the Nondestructive Testing of Composite 
Materials 
[Washer, G., PI - UMC, new in this reporting period] 
 
The objective of this project is to develop new nondestructive evaluation technologies for the 
inspection of composite materials. This project will research and develop the application of 
Raman Spectroscopy as a nondestructive evaluation tool for the condition assessment of carbon 
fiber composites. 
   
Composite materials are increasingly being used in engineered structures and components, 
ranging from highway bridges to airframes and pressure vessels. These materials have a high 
strength to mass ratio, making them ideal for inclusion in space vehicles, hydrogen cars and 
aircraft. To assess the condition of these materials in-situ, such that components and systems can 
be managed and repaired during service life, is a current critical need.  
 
To date, NDE technologies developed for the inspection of composite materials have focused on 
mechanical damage scenarios, such as impact and fatigue. There is growing concern that 
environmental degradation of these materials leads to reduced strength during their service lives, 
and presently there are no NDE technologies capable of characterizing the degradation of 
composite materials in-situ.  
 
Raman spectroscopy is a laser technique that is sensitive to molecular interactions in ordered 
materials such as graphite and carbon fibers. For carbon materials, the technique has been shown 
to be sensitive to applied elastic stresses and structural order on a molecular level. Traditionally a 
laboratory technique, new instrumentation implementing fiber-optic probes has extended the 
potential for this technology beyond the laboratory. There is potential for implementation as a 
hand-held device for the inspection of engineering components and structures, including bridges 
and hydrogen vehicles. 
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Research Equipment Projects 
 
RE252—Acquisition of Equipment for Composite Manufacturing Laboratory 
[Chandrashekhara, K., PI – Missouri S&T, new in this reporting period] 
 
The objective of this project is to acquire a Metering Unit for Pultrusion Process and Fixtures for 
Composite Testing to upgrade the Composite Manufacturing and Testing Facilities at Missouri 
S&T. 
 
An interdisciplinary team of faculty has been formed to complete the upgrade to the Composite 
Manufacturing and Testing Facilities. The Metering Unit will be useful in manufacturing 
composite pultruded parts using a two-part polyurethane resin system. The current pultrusion 
manufacturing facility is restricted to only epoxy, polyester and vinyl ester resin systems. The 
Metering Unit will enable faculty and students at Missouri S&T to manufacture composite parts 
using a polyurethane resin system. Composite test fixtures are required to conduct specialized 
tests such as Compression After Impact, Open Hole Compression and Interlaminar Shear. 
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Education and Technology Transfer Projects 
 
ETT251—Women in Science & Engineering and Minority Engineering Scholarships: Year 
4 
[Elmore, C., PI - Missouri S&T, new in this reporting period] 
 
The objective of this project is to make scholarships available to minority and women students 
interested in engineering and science in order to significantly increase the number of minority 
and female students recruited to Missouri S&T science and engineering programs. Recipients of 
scholarships will also be exposed to career opportunities in transportation. 
 
Women in Science and Engineering (WISE) scholarships are awarded to support female 
Missouri S&T students studying science and engineering. Missouri S&T’s WISE program 
provides a campus focal point for increasing the number of women in science, engineering, math 
and technology fields through outreach, recruitment and retention efforts from middle school age 
through undergraduate levels. WISE provides support programs such as mentoring, advising, 
professional/technical workshops and social activities, with the goal of providing a rich academic 
and social experience for young women at Missouri S&T.  
 
Minority Engineering and Science Program (MEP) scholarships provide critical financial support 
for under-represented students majoring in engineering and science programs at Missouri S&T.  
MEP scholarship students receive professional and academic support through the close-knit MEP 
network of friends, mentors and Missouri S&T staff. MEP has a rich 30-year tradition of 
sponsoring events, activities and organizations that ensure its students are prepared for personal 
and professional success. 
 
ETT249—2009 Summer Transportation Institute 
[Pickerill, H., PI - Missouri S&T, new in this reporting period] 
 
The purpose of the Summer Transportation Institute (STI) is to provide an educational 
experience which explores all aspects of the transportation industry and its role in our society for 
rising 11th and 12th grade high school students. The overarching goals of the program are to 
increase the number of youths entering the transportation profession and to aid the University in 
its recruiting efforts by providing students a healthy dose of campus life. 
   
Missouri LTAP at Missouri S&T has successfully hosted a U.S. Department of Transportation 
STI for the past several years. STI is a 2-week intensive learning experience held during the 
summer for high school students, primarily targeted toward, but not limited to, minorities. STI 
has two main goals: 1) to expose secondary school students to and allow them to participate in a 
series of academic and practical experiences designed to motivate them toward professions in the 
transportation industry, and 2) to provide secondary school students with mathematics, science 
and technological enrichment to enable them to pursue a career in the transportation industry. 
 
ETT248—2009 Missouri Local Technical Assistance Program (LTAP) at Missouri S&T 
[Pickerill, H., PI - Missouri S&T, new in this reporting period] 
 
The objective of this project is to manage the Missouri LTAP program for the Missouri 
Department of Transportation (MoDOT). The LTAP program was established by the Federal 
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Highway Administration (FHWA) in 1982 and operates in each state to provide community 
leadership through advocacy and implementation of education and training. 
   
The Missouri LTAP program will provide a resource center and technology transfer activities for 
local officials, counties, parishes, townships, cities and towns throughout the state of Missouri in 
the form of: workforce development services; resources to enhance safety and security; solutions 
to environmental concerns, congestion, capacity and other issues; technical publications; and 
training materials and videos. 
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SUCCESS STORIES 
 
This section lists a sampling of “success stories” for Year III, including notable Center events; 
NUTC News articles of interest; faculty and student awards; and media articles about the Center, 
faculty or campus. Articles, awards and events with corresponding clips are available in the 
Appendix.  
 
 
Featured Articles in the NUTC News 
 

• “Hit the Ground Running.” Volume 3, Issue 4. 
 
• “Missouri’s First Hydrogen Fueling Station is Now Open.” Volume 4, Issue 1. 
 
• “MTI/MoDOT Geotechnical Transportation Research Program.” Volume 4, Issue 2. 
 
• “MTI/MoDOT Structural Collaborative Research Program.” Volume 4, Issue 2. 

 
• “Fall 2008 ACI Convention in St. Louis, Missouri.” Volume 4, Issue 2. 

 
• “Green Highway Construction: Lowering Costs and Dependence on Crude Oil with 

Plant-Based Materials.” Volume 4, Issue 3. 
 
 
Awards 
 

• Michael Murphy, a civil, architectural and environmental engineering Ph.D. student, was 
named Missouri S&T’s 2008 UTC Outstanding Student of the Year. 

 
• Missouri S&T’s student team in the Big Beam Competition placed first in the 

Precast/Prestressed Concrete Institute’s Region 3 competition. 
 
• Dr. Shamsher Prakash, professor emeritus of civil, architectural and environmental 

engineering, received the Distinguished Alumnus Award from the Indian Institute of 
Technology, Roorkee. 

 
• Dr. Fatih Dogan, professor of materials science and engineering, received a 2008 Faculty 

Excellence Award from Missouri S&T.  
 

• Dr. Scott Grasman, associate professor of engineering management and systems 
engineering, received a 2008 Faculty Excellence Award from Missouri S&T. 

 
• Dr. Ronaldo Luna, associate professor of civil, architectural and environmental 

engineering, received a 2008 Faculty Excellence Award and a 2009 Outstanding 
Academic Advising Award from Missouri S&T. 
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• Dr. John Myers, associate professor of civil, architectural and environmental engineering, 
received a 2008 Faculty Excellence Award and a 2008 Global Teaching Award from 
Missouri S&T. 

 
• Dr. Glenn Washer, assistant professor of civil and environmental engineering at 

University of Missouri – Columbia, was a Research Poster Award Winner at the Union of 
Turkish Engineers and Architects (UCTEA) and the Chamber of Chemical Engineers in 
Izmir, Turkey. 

 
• Frank Blum Jr., a civil and environmental engineering master’s degree student at 

University of Missouri – Columbia, took top honors in a research poster contest held by 
the Union of Turkish Engineers and Architects (UCTEA) and the Chamber of Chemical 
Engineers in Izmir, Turkey. 

 
 
Missouri S&T in the News 
 
External Media Sources 
 

• “Hydrogen-powered shuttle service coming to post.” Guidon. July 31, 2008. 
 
• “S&T grads get top pay, survey shows.” Rolla Daily News. August 11, 2008. 
 
• “S&T grad to blog from space.” Rolla Daily News. November 12, 2008. 

 
• “EcoCar: The Next Challenge is a MUST for Missouri S&T.” EcoFriendly Magazine. 

November 14, 2008. 
 

• “Fox Files: Earth Become Liquid During Earthquakes.” Fox News. November 26, 2008. 
 

• “Bond Secures Funds to Help Create Clean Transit Vehicles & Jobs: Funds Will Support 
Partnership between Missouri S&T, Kokam America & Kansas City.” Kit Bond U.S. 
Senate website. December 10, 2008. 

 
• “Structure Damage Sensors Are Now a Reality: The new class of devices was recently 

patented.” SoftpediaSciFy. January 6, 2009. 
 
• “Pair will hit TV with a bang.” Rolla Daily News. January 21, 2009. 

 
• “Missouri: The Show-Me Energy State.” St. Louis Business Journal. April 10, 2009. 
 
• “Glass-reinforced steel.” The Engineer Online. May 21, 2009. 

 
 
Internal Media Sources 

 
• “Fixing America’s bridges.” Missouri S&T Visions. July 28, 2008. 
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• “Researchers look for realistic ways to bring hydrogen technology home.” Missouri S&T 

Public Relations. August 21, 2008. 
 

• “Researchers help build ‘Internet for energy’ through NSF center.” Missouri S&T Public 
Relations. September 4, 2008. 

 
• “Students to re-engineer GM car with fuel cell powertrain.” Missouri S&T Public 

Relations. January 26, 2009. 
 
• “Engineers Without Borders to leave S&T on May 17.” Missouri S&T Public Relations. 

May 13, 2009. 
 

• “Researchers partner to curtail explosives’ effects.” Missouri S&T Public Relations. May 
16, 2009. 

 
• “Coating developed at S&T could strengthen nation’s infrastructure and create jobs in 

Rolla.” Missouri S&T Public Relations. May 20, 2009. 
 
• “Missouri S&T selected to help support nation’s new energy goals.” Missouri S&T 

Public Relations. May 21, 2009. 
 

• “S&T’s Scholars’ Mine garners more than 200,000 downloads.” Missouri S&T Public 
Relations. May 22, 2009. 

 
• “Lee to be keynote speaker at Korean conference.” Missouri S&T Public Relations. June 

9, 2009. 
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FUNDING SOURCES AND EXPENDITURES 
 
This section provides information on Funding Sources and Expenditures for Year II and Year III. 
Because funding for Year II and Year III was received within a single fiscal year, some Year II 
funds were not awarded until the third fiscal year. Therefore, information for Year III is shown 
here, followed by updated information for Year II. 
 
Year III: July 1, 2008 – June 30, 2009 
 
The following funding charts and tables show committed revenues; expenditure categories; 
match funding sources; pending project allocations; and funding sources and expenditures for 
projects awarded with Year III funds during the third fiscal year.  
 
 

FY 2008 - 2009 Federal vs. Non-Federal Revenues 
Committed YTD

$3,685,663
68%

$1,719,552
32%

Federal Non-Federal
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FY 2008 - 2009 Expenditure Catagories YTD

 $635,449.02
22%

 $1,138,548
39%

 $279,103
10%

 $617,500.00
22% $187,500.00

7%

Research Projects ED & Tech Trans Research Equipment
Administration Uncommitted

 
 
 

FY 2008 - 2009 Funding Sources YTD

 $169,733
3%  $99,996

2% $1,865,600
29%

 $550,334
8%  $1,000,000

15%

 $2,858,100
43%

Federal State University Private Local NCHRP
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FY 2008-2009 Pending Project Allocations YTD

 $226,546
34%

 $448,100
66%

CTIS Pending 

Match Pending
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Year II: July 1, 2007 – June 30, 2008 
 
The following funding charts and tables show committed revenues; expenditure categories; 
match funding sources; and funding sources and expenditures for projects awarded with Year II 
funds. Previously non-committed funds reported at the end of Year II were awarded during the 
third fiscal year, necessitating updated funding information for the second fiscal year.  
 

FY 2007 - 2008 Federal vs. Non-Federal Revenues 
Committed YTD

 $2,978,655
38%

 $4,834,371
62%

Federal

Non-Federal

 
 

FY 2007 - 2008 Expenditure Categories YTD

 $1,912,305
64%

 $693,633.98
23%

 $0
0%

 $347,716
12%

 $31,345
1%

Research Projects
ED & Tech Trans
Research Equipment
Administration
Uncommitted
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FY 2007 - 2008 Funding Sources YTD

$1,556,005
33%

$2,582,001
53%

$646,365
14%

State

University

Private
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APPENDIX: SUCCESS STORIES CLIPS 
 
Featured Articles in the NUTC News 
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Awards 
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Missouri S&T in the News 
 
External Media Sources 
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Internal Media Sources 
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