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Participants and Partnerships: 

The following university programs partnered for the collaborative research on the Learning 
Bridge: Drexel University, Northeastern University, Purdue University and Texas A&M 
University. This annual report describes the progress made by Drexel University together 
with additional participants and partners that joined Drexel University during the past year. 

1.1 Drexel University Team:  
Dr. A. Emin Aktan, Professor, Infrastructure Systems Studies  
Dr. Franklin Moon, Assoc. Professor, Structural Engineering 
Dr. Patrick Gurian, Assoc. Professor, Public Policy and Organizational Systems 
Dr. Franco Montalto, Asst. Professor, Environmental Engineering 
Dr. Thomas Hewett, Professor, Psychology and Computer Science 
Dr. Amy Slaton, Assoc. Professor, History and Politics 
Dr. Anu Pradhan, Asst. Professor, IT applications in civil engineering 
Matthew Yarnold, PhD Candidate 
Jeffrey Weidner, PhD Candidate 
Nathan Dubbs, PhD Candidate 
John Prader, PhD Candidate 
Jeffrey Dowgala, MS Candidate 
John DeVitis, MS Candidate 
Alexander Stadel, MS Candidate 
Katie Morrison, MBA, Coordinator and Webmaster 
 

1.2 Additional Universities that partnered with Drexel: 
Princeton University (through a sub-award from Drexel University), Dr. Branco Glisic   
Rowan University, Professor Ralph Dusseau  
Rutgers University, Professors P. Balaguru and Nenad Gucunski  
Georgia Tech, Professor Yang Wang 
 

1.3 Institutions for STEM Education: 
Palmyra Cove Environmental Education Foundation, Director Clara Ruvolo  
Burlington County College, Dean David Spang 
Burlington County Institute of Technology, Micah Wenger, Preengineering    
Brooklyn Technical High School, Matt Mandery, Alumni Association  

  



1.4 Federal Agencies: 
National Science Foundation, EEC Division, Sue Kemnitzer Program Manager 
National Science Foundation, CMMI Division, Dennis Wenger, Program Manager 
Federal Highway Administration, Hamid Ghasemi, Research Program Manager 
National Institute for Standards and Technology, Felix Wu, Program Manager 

 
1.5 Local Government Agency: 

Burlington County Bridge Commission, John Jeffers, Executive Director. 
 

1.5.1 Burlington County Bridge Commission (BCBC) partnered with the researchers and 
designated the Tacony-Palmyra Bridge crossing the Delaware River, together with 
the engineering services and administrative facilities at the Tacony Landing as a 
field laboratory for the Learning Bridge Project. 
 

1.5.2 BCBC further provided matching funds to the Learning Bridge Project by 
providing contracts in excess of $900,000 to Drexel University in order to 
leverage the technology required to transform the Learning Bridge into a field 
laboratory also to assist in the health and asset management of their bridges. 

 
1.6 Professional Societies:  

American Society of Civil Engineers: Jeff Russell, Tom Lenox and Ken Fridley, Chair 
and Officers of the Committee on Academic Prerequisites for Professional Practice 
 
The European Council of Civil Engineers, Tugrul Tankut, Effective Education Project 
 

1.7 Industry Partners Providing Financial and in-kind Support: 
Pennoni Associates:  Anthony Bartolomeo, President and CEO, and, David 

Lowdermilk, VP for Transportation as well as Engineer of Record for the Tacony-Palmyra 
Learning Bridge. As the engineer of record for the Learning Bridge, Mr. Lowdermilk has 
been an active participant and a key supporter of the project. Mr. Bartolomeo has taken 
an active leadership role in extending the Learning Bridge project to STEM education. 
Pennoni Associates have contributed significant financial support as well, by employing 
two of the PhD students engaged in the research (Matt Yarnold and John Prader) and 
giving them significant release time to work on the project. Finally, Pennoni engineers 
have provided coaching to Drexel student teams as well.  
 
 Kiewit Construction (Wayne Thomas) and High Steel (Jeff Sterner): As a leading 
heavy construction company and as the largest structural steel fabricator in the Eastern 
US, respectively, these industries have provided key support for the student projects 
associated with the Learning Bridge. They have provided cash and in-kind support, and 
sponsored student field trips to construction and fabrication sites. In addition, they have 
coached the student teams in the fabrication and constructability of their designs in the 
project-based bridge engineering course associated with the Learning Bridge.     
 
 Inspectech Corporation, Process Automation Corporation, National Instruments, 
Smartec/Roctest Corporation, Microstrain Corporation, Digitexx Corporation, Bentley 
Systems, Inc. and Pasco Learning Systems are industries that have provided supplies, 
materials, hardware and software free or at reduced cost in addition to extensive pro-
bono consulting in order to support the Learning Bridge project. 

  



2. Activities and Findings: 
During the first year of the project, Drexel researchers made progress towards their two 

principal objectives: (1) Transforming a long-span bridge with its approach highways, 
owners-managers, engineers and users, together with the natural environment, into a living 
infrastructure laboratory so that they would be able to perform research for reforming civil 
engineering education; (2) Exploring the most effective manners of leveraging a living field 
laboratory for innovating the curricula so that we may educate civil engineers capable of 
leadership for addressing 21st Century’s societal concerns related to decaying urban 
infrastructures and especially for ensuring their sustainability.  

 
2.1 Transforming the T-P Bridge into a Field Laboratory: 
In order to transform the T-P Bridge into a field laboratory, the first prerequisite has 

been building and nurturing a strong partnership with Pennoni Associates as its Engineer of 
Record, and, with the Burlington County Bridge Commission (BCBC) as its owner-operator. 
Researchers are extremely grateful to these key partners, as without their support and 
confidence they could not have even conceived of such a project.  

 
The first challenge in transforming a major long-span bridge into a field infrastructure 

laboratory was to render the critical constituent elements of the bridge as a multi-domain 
system to become observable and measurable required: (a) identifying, documenting and 
archiving the engineered, human and natural systems and their elements making up the 
infrastructure. Creating a real-time multi-scale sensing, imaging, communication and 
computing system so that students may be exposed to the Learning Bridge in a classroom; 
(b) in addition to individual elements from the human, nature and engineered domains, the 
linkages and interdependencies between various domains and elements have to be 
identified, modeled and studied; (c) explore the standards for developing Learning Modules, 
i.e. projects for student’s (K-PhD) learning of fundamental concepts in a project-based 
learning (PBL) setting, by leveraging the reality of a living infrastructure field laboratory 
and the data-image-information-knowledge accessible in real-time from this laboratory. 

 
2.1.1 Identifying the Human Systems Associated with T-P Bridge:  
These efforts are advised by Dr. Amy Slaton, Associate Professor at Social Sciences. The 

human systems that influence the performance and health of the bridge include the broader 
and regional societal factors (socio-economical and socio-technical), evident at institutional, 
community and individual citizen levels. The T-P Bridge carries an average of 52,000 
vehicles per day to bring in approximately $21 million per year in tolls, making clear its 
impacts on the regional economy and on the associated human systems. The access that 
diverse communities may have to the economic benefits of the bridge can only be 
understood by looking in detail at the socio-economic impacts of the T-P Bridge and 
associated operations. For example, BCBC employs approximately 150 individuals and 
provides jobs to many others through the engineering and maintenance services that are 
contracted to regional industries. In 1999, BCBC in cooperation with the NJ Department of 
Environmental Protection, the Army Corps of Engineers, and the Bureau of Coastal 
Engineering established Palmyra Cove Nature Park. This park consists of 250 acres of 
woodlands, wetlands, tidal cove and wild river shore line; serves as an important feeding 
site for migratory birds; and hosts more than 4,000 students (K-12) per year for formal 
environmental education programs in its outdoor science classroom. In 2002, the 
Commission was granted economic development and improvement authority powers. Since 
then, the Commission provided financing of more than $340 million on behalf of 24 
municipalities/fire districts and several not-for-profit organizations in the County. 
 
Navigation on the Delaware River is another socio-economic system that is influenced by 



the bridge. Currently the T-P Bridge opens approximately 300 times a year to accommodate 
vessels that require more than a 54 ft. vertical clearance. On December 15, 1988, the 
bottom chord of the T-P Bridge arch span was struck by a crane on a barge. While the 
repair cost only $60,000, lost tolls during the one month closure exceeded $1 million. This is 
an example of many intersections and interdependencies between river navigation and 
highway transportation infrastructures. Given that societal origins and impacts of bridges 
and other infrastructure projects are not yet fully integrated into conventional engineering 
curricula, and Learning Bridge researchers anticipate that enriched instruction of 
infrastructure engineers (as outlined below) will ultimately reveal a great many more socio-
technical features of the built environment. 

 
Researchers have initiated efforts to identify the human systems and their influences on 

the performance and health of the bridge in the context of developing a health and asset 
management system for the 81-year old historic bridge. One critical task within the asset 
management system is capturing, structuring and preserving the organizational knowledge, 
experience and heuristics as a precious asset.  Drs. Patrick Gurian, Franklin Moon, and Anu 
Pradhan and MS Candidate John DeVitis are currently focused on the identification of 
organizational decision practices by interviewing critical leadership of the BCBC, as well as 
the managers, engineers and maintenance specialists in order to capture and document 
their experiences and heuristics. In addition, a comprehensive documentation of the design, 
construction and the subsequent operational and maintenance history of the bridge and the 
associated human, engineered and natural systems is in progress. Lifecycle preservation 
considerations for aged historic bridge systems that have to continue functioning as 
irreplaceable and vital infrastructure elements will be addressed as part of asset 
management planning. How to recognize, protect and reconcile the historic nature of the 
bridge along such an indefinite lifecycle is an important question revealing an uncommon 
intersection between societal systems and engineering.   

  
2.1.2 Identifying the Natural Systems Associated with T-P Bridge: 
The natural systems associated with the Tacony-Palmyra Bridge include the climate, 

regional and local weather conditions (including wind speed and wind direction variations), 
in addition to air, water (The Delaware River and the watershed), soil, the wetlands and the 
nature preserves in the vicinity of the bridge and these make up the natural elements and 
systems included in the Learning Bridge. Regarding wildlife, the Nature Cove at the Tacony 
Landing has been documenting the plants and wildlife. The bridge is protected from pigeons 
and rodents by a family of nesting Falcon’s. 

 
By impacting population growth within communities that are brought together by the 

bridge, it would also have impacted the natural systems such as runoff and its impacts on 
the watershed. For example, it is well known that large bridges cause higher water levels 
during floods and higher flow velocities that in return impact the riverbed and increase 
scour. These linkages will be explored through the history of hydrology in the influence area 
of the bridge.  

 
Dr. Franco Montalto is leading the identification of linkages between nature and the 

engineered systems of the bridge. He is exploring the leveraging of weather stations, as 
well as air, river, and runoff water quality measurements in order to first understand and 
then formulate measures to minimize any negative impacts of the bridge on the 
environment. Several student projects and graduate theses are being planned to define and 
evaluate the sustainability of T-P as an infrastructure. Another important need is to identify 
and mitigate freezing of the open steel grate elements of the bascule spans, as these spans 
are observed to freeze at temperatures considerably higher than at freezing. 
Environmentally friendly de-icing measures are currently being investigated. 



 
2.1.3 Identifying the Engineered Systems of the T-P Bridge: 
The T-P Bridge as a constructed system has a total length of 3,659 ft. consisting of eight 

separate spans, including a 537 ft. steel arch span, a 260 ft. bascule span, and two three-
span continuous steel trusses with spans of 245 ft (Figure 1). The longest steel arch span is 
parabolic in shape and this span provides 64 ft. of vertical clearance during high tide. The 
six continuous truss spans and the double-leaf bascule span are of half-through construction 
with a depth of 23 ft. The substructure of the bridge consists of nine piers constructed using 
pneumatic caissons and open cofferdams. The concrete piers are faced with granite and 
wooden fender systems to protect them against vessels and ice flows (Figure 2).  

 

 

Figure 1 - Tacony-Palmyra Bridge elevation view 

 

Figure 2 - Bridge pier and timber fender system 



Efforts during Year 1 in relation to the engineered elements of the bridge accomplished 
progress towards a comprehensive element-level soil-foundation-structure system-
identification. The plans, drawings, records, reports and all other existing hard-copy 
documentation, in addition to historian interviews are in progress. 3D CAD models of the 
bridge are constructed (Figure 3 and 4). In addition, analytical and numerical computer 
models for structural analysis are created (Figure 5). Currently, researchers are developing 
bridge information management systems to integrate all known data, information and 
heuristics about the bridge. When complete, the information management system will also 
permit virtually flying-through the entire bridge, including the mechanical and constructed 
components as well as river-soil-piles-foundations. 
 

  

Figure 3 - 3D CAD renderings of the Arch Span 

 

Figure 4 - 3D CAD rendering of the Bascule Span 

The bascule span of the bridge is a unique design by Ralph Modjeski as an integrated 
mechanical-structural system and its flawless operation is critical for the safety of the bridge 
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images and information, multivariate statistical analysis, pattern extraction and to help with 
interpretation are needed. Dr. Branco Glisic of Princeton University and Dr. Anu Pradhan are 
leading these efforts. 
 

 

Figure 6 - IT plans for T-P 

During the first year, researchers designed the physical IT infrastructure (fiber and 
power distributed throughout each node of the T-P Bridge as well as a multitude of physical 
LAN systems controlling the operation of sensors and cameras that will be distributed within 
the bridge (Figure 6). Laying the fiber and power lines throughout the length, height and 
width of the bridge and connecting these to a dedicated building at the Tacony Landing has 
been designed by an IT company based on input from the researchers. This basic power and 
communication infrastructure system is currently being contracted by BCBC and the 
installation is expected to be complete by September 2010. Modular image and data 
acquisition systems that are capable of acquiring 16-24 channels of images and data from 
various types of cameras and sensors were designed by the support of National Instruments 
and corresponding prototypes have been fabricated (Figure 7). 
 

 

Figure 7 – A Data Acquisition System 



The system of software, data-base and information warehouse for data and image 
capturing, archiving and retrieval, with the associated visualization and interpretation 
engines, is led by Dr. Branco Glisic at Princeton University. This software system will reside 
at the bridge site behind a firewall and will be accessible to the researchers in concert with 
BCBC security and Pennoni Associates IT staff. Once blocks of data and images are checked 
and cleared for public consumption, synchronized data and images will be released to the 
participants and consumers of the Learning Bridge over the web. Software and web-portals 
for viewing synchronized data and images outside the firewall are being developed by the 
Process Automation Corporation (Figure 8). 
 

 

Figure 8 - Bascule Span Web Portal 

In addition to funding the installation of a comprehensive communication and power 
infrastructure throughout the bridge, BCBC contracted the installation of a densely 
distributed video-camera network for security to the Lockheed Corporation. The Learning 
Bridge will be utilizing selected image streams from the security cameras in addition to 
images from additional cameras that will be installed by the researchers.  
 

2.3 Learning Modules  
Advised by Dr. Thomas Hewett, Professor of Psychology and Computer Science and by 

Dr. Amy Slaton, Associate Professor of History and Politics, the participating civil and 
environmental engineering faculty at Drexel have been exploring the fundamentals and 
standards for effectively and innovatively leveraging the Learning Bridge in civil engineering 
education.  

 
Both Drexel and each of the collaborating programs (NEU, Texas A&M and Purdue) have 

committed to developing at least one Learning Module associated with the Learning Bridge 
during the first two years of the exploration. These modules were envisioned as 30-45 



minute multi-media classes that would leverage the Learning Bridge for teaching complex 
concepts and tool skills that would otherwise be difficult to conceptualize, contextualize and 
master. In addition a careful review of the recommendations of the National Academy report 
on how people learn (Donovan et al., 1996) would inform the design of these modules. 

 
Considerable discussions took place regarding the minimum standards and the focus 

areas of the Learning Modules. It has been recommended that each Learning Module should 
recognize the multi-domain systems nature of real civil engineering problems, and 
emphasize the structuring of data, information and knowledge to facilitate conceptual 
learning and effective retention of knowledge and tool skills. It is also recommended to 
leverage and update image and data streams to avoid the modules becoming stale and to 
illustrate the highly dynamic nature of infrastructures and the interactions that take place 
between various domains. If a Learning Module can feature “computer game” attributes, it 
is hypothesized that it may be easier to capture and hold the attention of the new 
generations. In addition to these Desired attributes, researchers recognized that it is 
particularly critical for each Learning Module to be designed and developed in accordance 
with the best practices for a PROJECT-BASED LEARNING (PBL) experience. 

 
2.3.1 PBL: 
According to Thomas (2000): “Project-based learning (PBL) is a model that organizes learning 

around projects. According to the definitions found in PBL handbooks for teachers, projects are 
complex tasks, based on challenging questions or problems, that involve students in design, problem-
solving, decision making, or investigative activities; give students the opportunity to work relatively 
autonomously over extended periods of time; and culminate in realistic products or presentations. 
Other defining features found in the literature include authentic content, authentic assessment, 
teacher facilitation but not direction, explicit educational goals, cooperative learning, reflection, and 
incorporation of adult skills. To these features, particular models of PBL add a number of unique 
features. Definitions of "project-based instruction" include features relating to the use of an authentic 
("driving") question, a community of inquiry, and the use of cognitive (technology-based) tools; and 
"Expeditionary Learning" adds features of comprehensive school improvement, community service, 
and multidisciplinary themes.”                  

 
According to Buck Institute for Education (http://www.bie.org/) rigorous and in-depth PBL: 

(1) is organized around an open-ended Driving Question or Challenge; (2) creates 
a need to know essential content and skills; (3) requires inquiry to learn and/or 
create something new; (4) requires critical thinking, problem solving, 
collaboration, and various forms of communication; (5) allows some degree of 
student voice and choice; (6) incorporates feedback and revision; (7) results in a 
publicly presented product or performance.  
 
Buck Institute further asserts that: “If we are serious about reaching 21st Century educational 
goals, PBL must be at the center of 21st Century instruction. The project contains and frames the 
curriculum, which differs from the short "project" or activity added onto traditional instruction. PBL is 
the Main Course, not dessert." 

 
2.3.2 Project-Based Learning Modules: 
Given the above features for successful PBL, participating Drexel faculty started 

experimenting with class projects undertaken by undergraduate student teams. A 2-Quarter 
course on Bridge Engineering, discussed further in the following, was developed to serve as 
an experiment for best practices in PBL. Examples of additional projects included modeling 
and analysis of structural systems; interactions between constructed systems and nature; 
probability, statistics, uncertainty and risk; design of experiments and interpretation of 
data; and, infrastructure planning and design. Community participation in infrastructure 
planning; systematic exploration of equitable land use and environmental impacts; and 



other socio-technical aspects of bridge design, construction and use constitute additional 
learning modules being developed by Drexel social science faculty. All of these projects 
helped to explore whether leveraging a real-life infrastructure laboratory added significantly 
to get students more interested and learn complex concepts more conceptually and 
effectively. As the second year of research begins, a second workshop between all 
participants will be organized at the T-P site to focus on integrating LB with PBL for 
constructing Learning Modules on selected concepts.   

 
At the start of the second year of the research, Drexel faculty expect to finalize their 

decision on a complex multi-domain, multi-objective constrained optimization problem such 
as “asset management and applications to infrastructures for sustainability” for 
developing a Learning Module. The asset management paradigm will be dissected to adapt it 
to infrastructures, given the influences of human, natural and engineered systems and 
uncertainty in formulating a meaningful multi-objective function, establishing the hard and 
soft constraints and finally establishing the Pareto solutions or trade-offs that would govern 
decision-making. 

 
3. Chronology of Notable Events      

 11/13/2009 - A 2-day kick-off workshop at the Learning Bridge 
 11/2009 to present - Meetings between Drexel researchers at Drexel 
 12/2009 - Web site creation and hosting 
 12/23/2009 - Meeting with Clara and John Moore (NSF) on extending LB to 

geosciences education 
 1/20/2010 - Visit to BCC with Provost DiNardo 
 2/1/2010 - Drexel students present two Posters at NSF Grantees Meeting 
 2/12/2010- Engineering Week meeting at the Learning Bridge 
 2/17/2010 – Drexel, Rowan, BCC, BIIT and BCBC administrators, faculty and 

students meet at the Learning Bridge to discuss transforming LB to a campus for 
STEM education 

 4/16/2010 - Pasco bridge model of the Learning Bridge is set-up at the Cove 
(Figure 9) 

 

 

Figure 9 - PASCO bridge model 



 4/22/2010 - Drexel student visits to T-P (Figure 10) 
 

 

Figure 10 - Drexel students tour T-P 

 5/12/2010 - ASCE 2010 Structures Congress: Learning Bridge Researchers and 
ASCE Education Reform champions hold two Sessions on Education Reform 

 5/18/2010 – Dr. Yegian, PI of the Learning bridge at NEU visits from Boston 
 7/10-7/14/2010 – International Association of Bridge Management and Safety 

conference at Philadelphia (IABMAS 2010): A Special Symposium with three 
sessions on Infrastructure Asset Management was held, and the participants 
visited the Learning Bridge. 

 
4. Findings 

 
4.1 Exploring Multi-Disciplinary Teaching 
At Drexel work began on exploring the development of learning modules. One effort 

integrated real monitoring data obtained from the bridge into a statistics class. These data 
were used to illustrate fundamental statistical techniques including regression, inference, 
and a wide variety of graphical approaches to data exploration. The results indicated that 
strains show significant seasonal variability in response to thermal expansion and 
contraction of the bridge. This module may also be appropriate for a structural engineering 
class as it demonstrates not only statistical techniques but also material properties (i.e., 
thermal expansion, stress strain relationships) and how these should be accommodated for 
in structural design. In this way the module can link together disparate fields of study and 
help students understand the relationships between different classes and how knowledge is 
integrated in engineering practice. 
 

Efforts are also under way to systematize the process of identifying the human 
organizations that manage large-scale infrastructure systems. A conceptual framework has 
been developed and was presented at the 2010 International Conference on Bridge 
Maintenance, Safety and Management (Pradhan et al. 2010). Semi-structured interviews 



tracing information flows and repositories are now underway as part of this effort. This 
information can be integrated into the existing class “Infrastructure Engineering” where it 
will provide a real-world example of the concepts covered in class.  
 

Improvements in civil engineering education, whether sought through a focus on 
learning modules or any other address of course content, can only emerge with critical 
study of existing engineering pedagogy reform efforts (Seron and Silbey 2009). Among the 
most influential such efforts are the current ASCE "Body of Knowledge" initiatives and 
related projects that strongly influence university engineering instruction. By participating in 
the ASCE 2010 Structures Congress: "Two Sessions on Education Reform," Profs. Slaton, 
Hewitt and Aktan exposed Learning Bridge innovations to an audience active in designing 
and implementing Body of Knowledge recommendations.  Prof. Slaton is currently 
integrating results of that discussion into research on the role of dictated outcomes in 
impeding or encouraging socially informed engineering education (Seron et al, 2009).  
 

4.2 Exploring Best Practices in PBL by a two-Quarter Bridge 
Engineering Course 

 Best practices in PBL  has been explored at Drexel University by integrating a two 
quarter “Bridge Engineering” course into the curriculum as a Junior, Senior and MS level 
professional elective.  This course leverages the national student steel bridge competition 
sponsored by AISC and ASCE as the project for PBL.  Approximately two-hundred colleges 
and universities participate in the steel bridge competition each year.  The competition is a 
multidisciplinary competition where students from all over the country are challenged with 
the task of designing and fabricating a twenty foot long steel bridge model meeting client 
specifications and optimized for performance and economy.  The class is exposed to a real 
design problem involving performance criteria, constraints, planning and design, drawings 
and models, constructability, fabrication, erection and performance testing with actual 
measurements.    
 The course reinforces previous courses and introduces new graduate level material.  
The course is composed of weekly lectures, field trips to fabrication plants and bridge 
construction sites, and laboratory work preparing for the bridge competition. The lectures 
discuss bridges, bridge design and the broader bridge engineering topics. The design topics 
are supported with progression of the design and fabrication of the twenty foot long steel 
bridge.  Each quarter has specific deliverables for the bridge competition which are achieved 
with organized smaller groups within the class.  The groups collaborate with each other 
using weekly presentations and outside the class meetings.  The bridge competition portion 
of the course is outlined below: 
 

 Fall Quarter Term 
o Conceptualization of Design Objectives and Constraints 
o The art of geometric modeling of a design in minds eye by sketching 
o Physical (scaled) Modeling  
o Analytical Modeling 
o Numerical Modeling for Computer Analysis 
o Connection Details and Assembly Plan 
o Shop Drawings 
o Fabrication Methods and Plan 
 
 Winter Quarter Term 
o Third Scale Physical Similitude Modeling and Testing 
o Prototype Member and Connection Modeling and Testing 
o Fabrication and Constructability Design – Erection Alternatives  



o 
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