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1. Participants and Partnerships: 

The following university programs joined forces for 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 and 
the additional participants and partners that were recruited by Drexel University during the 
past year. 

1.1 Drexel University Research Team:  
Dr. A. Emin Aktan, Professor, Infrastructure Systems Studies 
Dr. Thomas Hewett, Professor, Psychology and Computer Science 
Dr. Franklin Moon, Assoc. Professor, Structural Engineering 
Dr. Patrick Gurian, Assoc. Professor, Public Policy and Organizational Systems 
Dr. Jin Wen, Assoc. Professor, Thermodynamics 
Dr. Franco Montalto, Asst. Professor, Hydrology and Environmental Engineering 
Dr. Kurt Sjoblom, Assoc. Professor, Geotechnical Engineering 
Dr. Amy Slaton, Assoc. Professor, History and Politics 
Dr. Sabrina Spatari, Asst. Professor, Applied Systems and Lifecycle Sustainability  
Dr. Anu Pradhan, Asst. Professor, IT applications in civil engineering 
Dr. Ivan Bartoli, Asst. Professor, Applied Mechanics 
Matthew Yarnold, PhD Candidate, Engineered Systems 
Jeffrey Weidner, PhD Candidate, Engineered Systems 
Nathan Dubbs, PhD Candidate, Engineered Systems 
John Prader, PhD Candidate, Engineered Systems 
Adrienne Deal, MS Candidate, Engineered Systems 
John DeVitis, MS Candidate, Engineered Systems 
Emily Jackson, MS Candidate, Human-Organizational Systems 
Bita Alizadeh Tazi, MS Candidate, Natural Systems 
An entire class of 30 undergraduate seniors in 2010-2011 academic year 
 
 

1.2 Universities that partnered with Drexel: 
In addition to the NSF grantee programs at Northestern, Purdue and Texas A&M, 
Princeton University (through a sub-award from Drexel University), Dr. Branco Glisic   
Rowan University, Professor Ralph Dusseau  
Rutgers University, Professor P. Balaguru, Professor Nenad Gucunski 
Georgia Tech, Professor Yang Wang 
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1.3 Partner Institutions for STEM Education Outreach: 
Palmyra Cove Environmental Education Foundation, Director Clara Ruvolo  
Burlington County College, Dean David Spang 
Burlington County Institute of Technology, Micah Wenger, Pre-engineering    
Brooklyn Technical High School, Matt Mandery, Alumni Association  
ACE Mentor Program, Diane Eidenshink, Eastern PA Coordinator 
University City High School, Barbara Pashak, Principal 

 
1.4 Federal Agency Contacts: 

National Science Foundation, EEC Division, Alan Cheville, Program Manager 
National Science Foundation, CMMI Division, Konstantinos Triantis and Dennis 
Wenger, Program Managers 
National Science Foundation, OISE Division, Cassandra M. Dudka, Program 
Manager 
National Science Foundation, DRL Division, Drs. W. Jennings and V. Kass, ISE-
CRPA Program Managers  
Federal Highway Administration, Hamid Ghasemi, Program Manager 
National Institute for Standards and Technology, Felix Wu, Program Manager 
 

1.5 Local Government Agency: 
Burlington County Bridge Commission (BCBC), John Jeffers, Executive Director 

 
1.5.1 BCBC designated the Tacony-Palmyra Bridge crossing the Delaware River, along 

with 7 other bridges, several administrative and engineering services buildings 
and maintenance 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 to leverage the 
technology required to transform the Learning Bridge into a field laboratory to 
innovate asset management of their bridges for indefinite preservation. 

 
1.6 Professional Societies:  

American Society of Civil Engineers: 
James Rossberg, Managing Director, Engineering Programs 
Carol Vargas, Director of Industry Relations 
John Grieshaber, Chair of SEI Administrative Committee on Continuing Education 
The European Council of Civil Engineers:  Tugrul Tankut, Effective Education 
Project 
University of Tokyo, Seoul National University, Hunan University 

 
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.  
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Kiewit Construction (Wayne Thomas) and High Steel (Jeff Sterner): As a leading 
heavy construction company in the USA and the largest structural steel fabricator 
in the Eastern US, respectively, these industries served as key roles for guiding 
and supporting student projects associated with the Learning Bridge. They have 
provided cash and in-kind support in addition to sponsoring 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 
design course developed associated with the Learning Bridge.     

 
Inspectech Corporation, Process Automation Corporation, National Instruments, 
Smartec/Roctest Corporation, Digitexx Corporation, Bentley Systems, Inc. and 
Pasco Learning Systems 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: 
 
2.1 Articulating the Drivers and Principal Objectives: During the second year of 
the project with input from all stakeholders including the NSF Program Manager, 
researchers refined their principal objectives for the Learning Bridge research:  
 

(1) Explore the transformation of a historic, long-span, movable toll bridge, 
the river it crosses and the regional highway system, together with the 
communities the bridge connects, its stewards/managers, engineers and 
users, together with the natural environment around it, into a living 
infrastructure field laboratory.  
 
Researchers hypothesized that leveraging a living infrastructure field laboratory 
as a special learning environment for the engineering and management of multi-
domain infrastructure systems, particularly in conjunction with Project Based 
Learning (PBL), should enhance the educational experiences of civil engineering 
undergraduates, preparing them better for the challenges they will face in their 
careers. Further, a living field laboratory is also expected to provide meaningful 
continuing education experiences to practicing engineers, as well as to provide 
opportunities for outreach to help attract middle-education students to STEM.  
 
In conjunction with this objective, researchers will be exploring and 
establishing the pedagogical foundations of how to maximize the 
benefits of a living laboratory for attracting, retaining and educating 
those civil engineers who will be capable of fulfilling the societal 
responsibilities expected of them as articulated in ASCE’s Vision 2025.  
They will strive to contribute to the development of effective assessment tools for 
learning civil engineering that will be commensurate with the 21st Century’s 
global and regional challenges from civil engineers.   
 

(2) Given that neither the state of civil engineering education nor its practice has 
kept up with the pressing need for a better understanding and appreciation of the 
challenges associated with complex, multi-domain infrastructure systems, 
especially given the inevitable transformation in financing and revenue policy and 
algorithms for constructing, operating and maintaining infrastructures (examples: 
Public-Private Financing (PPP), Finance-Design-Built-Operate, Finance-Maintain-
Operate, etc) it is not possible to reform civil engineering education without a 
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strong coupling between education research and coordinated, cross-disciplinary, 
problem-focused research on the engineering and management of multi-domain 
infrastructure systems.   
 
The second objective is driven by the pressing need for a greater insight and 
factual, mechanistic knowledge on the long-term behaviors (especially at the 
intersections and interdependencies of elements from different domains), 
performance and sustainability of large multi-domain systems. Only by reducing 
the epistemic unknowns which limit our ability to effectively plan, finance, 
engineer and manage infrastructures that we may expect to construct a 
meaningful curriculum to educate the next generation of civil engineers.  
 
The second objective is, therefore, exploring how we may leverage living 
field laboratories for a better understanding and modeling of 
infrastructures as multi-domain systems, and, how promising paradigms 
such as performance-based engineering, risk-based asset-management, 
and, performance and health monitoring, in conjunction with the 
associated IT, experimental, and simulation tools may enable their 
sustainable engineering and management.  
 

(3) The third and final objective is to explore how we can best incorporate the 
overarching global concerns of humanity, such as global warming and climate 
change, population explosion and the corresponding influx to mega-cities, the 
depletion of natural resources and especially energy and water shortages, in 
conjunction with globalization, interconnectedness and a recognition for making 
sustainability a most tangible driving objective in the practice of civil engineering.   
 
Civil engineering practice in the US is being strongly influenced by global 
competition – Asian Contractors are directly competing for contracts in the US, 
Foreign Fabricators are competing for the supply of materials and fabrication 
services, and foreign contractors with access to sovereign funds are participating 
in US infrastructure contract delivery through PPP.  Given these trends, our 
curricula should explicitly recognize and incorporate not only the global concerns 
of humanity but also how cultural differences and foreign educated workforces 
may impact engineering in an increasingly globally competitive practice.  This 
concern requires much more than exchanging students with foreign universities, 
or sending them to a short-term professional practice at a foreign country. There 
is a pressing need for systemic research on how to meaningfully 
calibrate civil engineering education and practice across cultures, and 
this comprises our final objective.  

 

 2.2 Summary of Findings 

(1) Civil engineering education and practice in North America started diverging from 
being an art focused on the performance of its products with an awareness of the 
epistemic unknowns governing this performance during the first Quarter of the 
20th Century.  The divergence between reality, education and practice accelerated 
after the 1950’s, and civil engineering became a commodity due to:  
 

a. Proliferation and fragmentation of civil engineering programs, consultants 
and contractors, compounded by the loss of grand-masters who, as the 
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keepers of the art, provided a studio-style education to a handful of 
apprentices; 

b. An increasing reliance on process-based specifications and codes, 
compounded by widespread but unwarranted use of computers and 
software as replacement for observing of how actual constructed 
systems perform, and a reliance on slide rule, intuition and insight. 
Observing a constructed system insightfully, while understanding the 
mechanisms through which it is carrying its loads, as well the often 
invisible human and natural systems and elements intersecting with 
visible elements made of steel, concrete, stone, brick and glass is 
becoming a lost art. This art has to be preserved and taught to the new 
generations. 
 

c. An increasing tendency of the more progressive programs to adopt a 
science-based education, getting progressively detached from a practice 
of the art of civil engineering and the reality of the products civil engineers 
are expected to create.  For example, many recent PhD’s from highly-
ranked programs and who are hired as faculty to highly-ranked programs 
may know more about electrical engineering than civil engineering. Today, 
even when an academic program offers a systems-based curriculum, the 
multi-domain reality of civil engineering systems is rarely incorporated. 
Network models cannot simulate civil engineering systems. 

 
d. Meanwhile, towards the end of the 20th Century, population explosion, 

globalization and the advent of new technologies in other engineering 
disciplines (e.g. industrial, electrical, computer, chemical, materials, bio, 
etc.) led to significant changes in society, societal demands and therefore 
the context of civil engineering practice.  Civil engineering education and 
practice, however, did not recognize or respond to these changes. 
 

(2) In 2006, ASCE brought 60 leading experts from around the world and articulated 
The Vision for Civil Engineering in 2025:  
 
 “Entrusted by society to create a sustainable world and enhance the global 
quality of life, civil engineers serve competently, collaboratively, and ethically as 
master:  

 planners, designers, constructors, and operators of society’s economic and 
social engine--the built environment 

 stewards of the natural environment and its resources; 
 innovators and integrators of ideas and technology across the public, 

private, and academic sectors; 
 managers of risk and uncertainty caused by natural events, accidents, and 

other threats; and, 
 leaders in discussions and decisions shaping public environmental and 

infrastructure policy.” 
 

(3) The challenge for all civil engineers and the society that relies on civil engineers 
for its built environment – the infrastructure systems - is to: 

 Discover, learn, integrate and leverage the paradigms, concepts 
and technology from all engineering and science disciplines to 
better understand, quantify and model its own products –i.e. the 
infrastructures- their nature and behaviors as complex multi-domain and 
multi-scale systems; how they have evolved, became intertwined and 
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interdependent; how they were and are being financed, operated and 
managed; their demand, capacity and performance mechanisms;  

 Relearn and synthesize the ancient skills (ability to observe and to 
see), knowledge and wisdom that made civil engineering a 
creative art, and leverage these by taking advantage of new paradigms, 
concepts, materials, technology to the new societal demands and the 
reality of the times. 

 Demonstrate that civil engineers are capable of leading and 
coordinating every other stakeholder, including policy makers, other 
engineers and scientists for innovative solutions to the pressing global 
concerns facing humanity – climate change, demographic trends, 
depletion of natural resources, rejuvenating debilitated inner mega-cities, 
demands for clean energy and its distribution challenges, etc.  

 Obviously nothing short of a Renaissance in civil engineering education, 
research and practice can be acceptable – civil engineers need to 
convince the society to help them with this Renaissance. 
Otherwise the world is not going to change for the better and our 
values and way of life will definitely not be sustainable! 
 

(4) The Learning Bridge paradigm, in conjunction with coordinated, collaborative 
cross-disciplinary research is already promising to serve for a transformation of 
civil engineering education and practice by understanding:  
 

a. The mechanisms for accessing OPERATING INFRASTRUCTURES 
and transforming them into LIVING FIELD LABORATORIES in order 
to observe and identify their REALITY.  Observing, measuring and 
synthesizing how civil engineering products behave and perform over their 
lifecycles, and how they govern the performance of their parent systems - 
multi-domain and multi-scale infrastructures.  How to form, motivate and 
effectively coordinate multi-disciplinary teams for identifying, learning, 
adapting and integrating especially information technology, together with 
experimentation, modeling and simulation of elements and systems from 
each of the human-social, natural and engineered domains.  Especially 
important is developing generic best-practice recommendations for the 
repeatability of such an effort by different groups at different regions for 
different infrastructures. 
 

b. Designing experiments for leveraging of the Learning Bridge and 
exploring how current middle-education and college students may 
become excited motivated and committed to addressing the 
societal concerns that we now recognize are the responsibilities of 
civil engineers. How do current and future generations learn, given that 
pre-school and middle-education is continuously transformed by socio-
technical change and new technology? How can we, as educators and 
mentors, better understand and guide incumbents to become self-learning 
professionals capable of transforming an ancient art with contemporary 
tools?  How can we take the fundamentals of pedagogy and apply these to 
educate a new generation of civil engineers who will be capable of a 
Renaissance of current practice? 
 

c. An important recognition by the research team was a lack of rigorous 
investigation of how to leverage the Project-Based Learning (PBL) 
paradigm for enhancing the learning experiences of civil engineering 
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students. Researchers invested considerable efforts for understanding, 
adapting and formulating best practices for PBL to civil engineering 
education implementable in conjunction with the Learning Bridge. While 
PBL has been studied extensively in the past, how its principles 
and best practices may be transformed for enhancing the civil 
engineering education still requires considerable effort.  Our 
progress towards these objectives and evidence of the above 
accomplishments are discussed further and presented in the following. 

 
2.1 Transforming the T-P Bridge into a Field Laboratory 

 
jGiven that the innovation and transformative potential of the project hinge on the 
success in creating a living infrastructure field laboratory, this concept, depicted in 
Figs. 1-4, is discussed further in the following:  

 
 
 
 
 
 
 
 
 

 
 
 

Fig. 1 shows the location of the Learning Bridge field laboratory along the Northeast 
Corridor at Philadelphia, between NY City and Washington, DC. Fig. 2 shows a satellite view 
of the approximate boundaries of the field laboratory. The community seen in this figure at 
the North of the Delaware River is Tacony, Philadelphia County, PA while the community at 
the South of the river is Palmyra, Burlington County, NJ. The photograph in Fig. 3 shows the 
Tacony-Palmyra Bridge that serves as the anchor “engineered system” at the field 
laboratory.  Finally, the photograph in Fig. 4 shows the “stewards” of the bridge and 
associated roadways i.e. the Burlington County Bridge Commission, at a public meeting with 
various BCBC staff members. 

 
In addition to the communities of Tacony and Palmyra, a 125-acre nature preserve shown 
at the South landing of the bridge in Fig. 2, as well as the buildings and facilities at the 
South landing that are owned and operated by the Burlington County Bridge Commission 
(BCBC) serve as a field campus at the living laboratory, i.e. The Learning Bridge. The 
laboratory includes segments and intersections between the regional bi-state highway 

Figure 1:  Location of the Field Laboratory      Figure 2:  Satellite View of the Field Laboratory 

Figure 3:  The Tacony‐Palmyra Bridge serving as 
the Centerpiece of the Learning Bridge 

Figure 4  BCBC and Staff at a Meeting 
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system including Interstate, State, County and local roads, six additional bridges of various 
sizes in addition to the Tacony-Palmyra Bridge, the river navigation system, as well as the 
water, power and communication systems distributed within the Tacony and Palmyra 
Communities.   

 
 The two communities, their distinct history and cultures shaped by the bridge connecting 

them, businesses, institutions and individuals that rely on the bridge, ships providing river 
transportation to the ports up the river, the Coast Guard, the police, the toll-collectors, 
bridge operators, maintenance personnel, consultants and contractors associated with the 
bridge, and agencies such as Delaware Valley Regional Planning Commission, US-EPA, 
USDOT-FHWA, State DOT’s, County Engineers and the state and local politicians make up 
“the human elements” of the field laboratory.  Bird watchers, hikers, teachers and 
schoolchildren taking advantage of the Palmyra Cove Nature Preserve, the staff at the Cove 
and the researchers and students participating in the Learning Bridge are also human 
elements of the field laboratory. 

 
 Natural elements at the Laboratory include wildlife and plants - especially those within the 

125 Acre Nature Preserve - the Delaware River and the wildlife relying on the River and its 
Estuaries, and the regional and local geology, soil, environment and weather.  

 
 To observe, measure, study, understand and model the human, natural and engineered 

elements and systems, with their intersections and interdependencies, a multi-disciplinary 
team of researchers used traditional as well as new and innovative tools, presented in the 
following.  It is interesting that the easiest domain that engineers were able to observe and 
understand was the engineered systems, while the most challenging domain was that of 
“human elements and systems”. 

 
 A living infrastructure field laboratory should permit carefully designed and scientifically 

documented observations, experiments, data and image collection, interviews and 
analyses of data and information for interpreting, identifying and modeling the 
functions, influences, interdependencies and interactions between each of the human, 
natural and engineered elements and systems at various resolutions and time-scales.  The 
ultimate goal is to train academics, practicing engineers and students to anticipate, 
hypothesize and insightfully observe, to take note and question and to confirm 
through statistical patterns and mechanistic simulations the effectiveness and 
lifecycle impacts of engineering and management decisions and any operational, 
maintenance, repair and renewal actions taken on these systems.  

 
 During the second year of the project, Drexel researchers continued the transformation of 

the Tacony-Palmyra Bridge and its influence area as shown in Fig. 2 into a field laboratory, 
based on the definition above. They also started leveraging the laboratory for observations, 
data collection and analysis. In addition, the laboratory started serving as a source and 
resource for projects in conjunction with Project Based Learning in various multi-disciplinary 
and mixed graduate-undergraduate classes at the civil, architectural and environmental 
engineering department at Drexel University.  Our partnering university programs also 
leveraged the laboratory in a similar manner. 

 
To further develop the field laboratory, we continued to invest into the real-time, multi-scale 
sensing, imaging, communication and computing system for observing, measuring and 
monitoring selected engineered and natural systems, as well as to expose a greater number 
of stakeholders to the Learning Bridge over the web.  In addition, the current operational 
and maintenance management practice for the bridge was tracked, measured and 
catalogued by leveraging systematic interviews and surveys.  
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2.2 Identifying and Modeling the Human Elements and Systems:  
 

These efforts are being led by Drs. Gurian, Moon and Pradhan, with guidance provided by 
Dr. Amy Slaton.  Several graduate students are participating. The human systems that 
influence the performance and health of the bridge include the global, national and regional 
societal factors (socio-economical, political and technical) at the institutional, community, 
organizational and individual citizen levels.  
The T-P Bridge carries an average of 70,000 vehicles per day, generating revenue of 
approximately $25 million per year in tolls.  This revenue benefits diverse communities, 
institutions and individuals.  The economic benefits of the bridge can be understood by 
considering that 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, along with the NJ Department of Environmental Protection, the Army Corps of 
Engineers, and the Bureau of Coastal Engineering developed the 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 for many educational and family 
programs. In 2002, the Commission was granted economic development and improvement 
authority powers. Since then, the Commission provided $340 million to support 24 
municipalities/fire districts and several not-for-profit organizations in Burlington County.   
 
Researchers identified the human systems in terms of the stakeholders and the main actors 
in the data, information and decision process currently influencing the preservation, 
performance and health of the 81-year old historic bridge.  These systems and processes 
(Figure 5) are critical in terms of a better understanding of the human elements, systems 
and processes impacting the bridge, and for identifying, capturing, structuring and 

Figure 5:  The Stakeholders and Maintenance Process Use Case 
Analysis Diagrams 
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preserving the organizational knowledge, experience and heuristics as a precious asset for 
capital planning and asset management decisions.   
 
Researchers are currently working on an information management system for a 
comprehensive and relational documentation of the design, construction and the subsequent 
operational and maintenance history of the bridge and the associated human, engineered 
and natural systems.  Lifecycle preservation considerations for aged historic bridge systems 
that have to continue functioning as irreplaceable and vital infrastructure elements have to 
be addressed as part of asset management planning. How to recognize, protect and 
reconcile the historic nature of the bridge in conjunction with an “indefinite lifecycle” is an 
important question that cannot be answered unless all of the critical intersections between 
the human, nature and engineering are clearly understood and factored in a meaningful 
applied systems analysis for sustainability. 

 
2.3 Identifying, Measuring and Modeling the Natural Systems: 

 
The natural systems associated with the Tacony-Palmyra Bridge include the climate as well 
as regional and local weather (including wind speed and wind direction, humidity, ambient 
temperature, UV radiation as affected by cloud cover, exposure and the season), in addition 
to air, water (The Delaware River and the watershed), soil, the wetlands and the nature 
preserve in the vicinity of the bridge.  The Nature Cove at the Tacony Landing has already 
been documenting the plants and wildlife for years.  The bridge is protected from pigeons 
and rodents by a family of nesting 
Falcons. 
 

 

 
 
By impacting population growth within the communities that are connected by the bridge, 
the infrastructure would also have impacted the natural systems such as runoff and its 
impacts on the watershed.  For example, it has been observed that large bridges may cause 
higher water levels during floods and higher flow velocities that in return impact the 
riverbed and increase scour.  These linkages will be explored by constructing the history of 
hydrology in the influence area of the bridge.  
 
Dr. Franco Montalto is leading the identification of linkages between nature, engineered and 
human systems associated with the bridge with his students. He is exploring 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.  
 

Figure 6:  Rain Gardens and Cistern for Run‐Off Monitoring 
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Along with his students, Dr. Montalto has undertaken onsite monitoring of storm-water 
runoff quality and quantity draining from the deck of the bridge.  The storm-water runoff 
runs into a cistern equipped with sensors that continuously measure electrical conductivity, 
pH, temperature, and volume of the deck runoff.  In order to evaluate the feasibility of 
mitigating the impact of bridge deck runoff on the local environmental systems, two rain 
gardens have been designed and constructed under the bridge. These gardens will serve to 
measure and compare the effect of irrigation from the bridge runoff and irrigation from 
natural precipitation.   
 
The parameters are being measured in the cistern include:  Temperature, Depth, Specific 
Conductance, Total Dissolved Solid, Salinity and pH. Planted with a variety of native species, 
the rain gardens contain soil moisture, temperature and electric conductivity sensors.  The 
data provided by the sensors and the weather station are logged and analyzed for use in 
Projects related to Hydrology. Additional experiments involving the River and Estuaries are 
being planned in conjunction with Palmyra Cove. 

 
2.4 Structural Identification of the Engineered Systems: 

 
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 parabolic arch span, a 260 ft. bascule span, and 
two three-span continuous steel trusses with spans of 245 ft.  

The arch 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.  

 
Efforts during Year 2 in relation to the engineered elements of the bridge accomplished 
significant progress towards a comprehensive element-level soil-foundation-structure 
system-identification. Development of an information system that will maintain the plans, 
drawings, records, reports and all other existing hard-copy documentation, in addition to 
historian interviews in an electronic library is in progress. 3D CAD models of the bridge and 
its computer models for structural analysis have been created as reported previously. 

 
When completed, the information management system with its electronic library will offer 
wireless access during bridge inspections, and will permit virtual fly-through of the entire 
bridge, including past photographs and data on the mechanical and constructed components 
as well as river-soil-piles-and-foundations. 
 
The bascule span of the bridge was designed by Ralph Modjeski as an integrated 
mechanical-structural system as its flawless operation is critical for the safety of the bridge 

Figure 7:  The Tacony‐Palmyra Bridge as an Engineered System with Close‐up of a Bascule Pier and Fender 
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as well as for the river navigation. This span is currently being repaired by a contractor by 
replacing various elements of the floor system. Researchers have instrumented the bascule 
and are currently identifying its behavior at different kinematic stages as the leaves open, 
close and as they are subjected to operational traffic and environmental loads. 
 

 

Figure 8: 3D Renderings of the Arch and Bascule Spans 

 
The entire T-P Bridge is 
scheduled for ambient 
vibration monitoring as well 
as controlled crawl and 
stationary truck-load testing 
in order to measure its 
dynamic and static 
mechanical properties. A 
number of NDE studies, 
including X-Ray diffraction 
are planned to document the 
intrinsic strains at critical 
regions.  Material samples 
will be taken to study and 
document the variation in 
the micro-structural and  
 
 

meso-level (coupon) material properties.  The collected data and information will serve for 
accomplishing a comprehensive structural-identification of the bridge. Dr. Franklin Moon and 
PhD students Matt Yarnold, Jeffrey Weidner, John Prader and Nate Dubbs are engaged in 
this effort.   
 
2.5 Identification of Intersections and Interdependencies  
 
Considerable insight has been gained through the efforts described earlier for observing, 
measuring, modeling and characterizing i.e. system-identification of various elements from 
different domains within the living infrastructure field laboratory.  The complexity of the 
integrated infrastructure system represented by the Learning Bridge, and a lack of a 
previous systemic, coordinated multi-domain and cross-disciplinary investigation for a better 
understanding of the system are astounding. No two individuals or members of the same 
organization were observed to have a common understanding of the system, as each 
individual stakeholder has a different viewpoint and expectation regarding the system and 
its performance.  How such a system may be “controlled” for ensuring its preservation and 
effective and safe operation, and “managed” for an indefinite lifecycle, given the relatively 

Figure 9: 3D Mixed Element‐Microscopic Level FE Model of the Bascule Span 

Page 12 of 28 The Learning Bridge Annual Progress Report 08/30/2011



small windows for individuals as well organizations that are serving as stewards deserves 
further inquiry.    
 
Based on the experience researchers have gained so far, coordinated collaborative multi-
disciplinary research on such multi-domain systems is a challenge, as there is no common 
vocabulary or mind-model for comprehending such complex systems.  On the other hand, 
educating a new generation of civil engineers who would be capable of effectively and 
sustainably engineer and manage our infrastructures necessitates such research, especially 
for a better understanding of the intersections and interdependencies between elements 
from different domains and mitigating any undiscovered risks as revealed by Hurricane 
Katrina and the Fukushima Earthquake.  
 
Researchers are making progress towards understanding and documenting the intersections 
and interdependencies, some being more obvious, and many others quite complex and 
obscure.  Some of these efforts are described in the following. 

 
2.5.1 Intrinsic Actions due to Environmental Inputs in the Arch-Span  
 

 
Figure 10:  The Arch Span and its Instrumentation for Measuring Intrinsic Actions 

Structural identification research provided a very interesting challenge in relation to 
understanding the intrinsic actions that are generated within the bridge due to 
environmental inputs.  Previous studies have revealed that as a long-span bridge is 
commissioned, the dead loads, construction-induced loads and environmental inputs such as 
temperature, radiation and wind make up a very significant self-equilibrated force system 
with magnitudes much larger than anticipated live loads.  The intrinsic action system is non-
stationary but may be considered quasi-static as the bandwidth of most environmental 
inputs (except for earthquakes) fall below the critical bandwidth of the structure-foundation 
system.   
 
While the intrinsic forces may actually govern the local, element and structural system 
capacity and failure modes and therefore structural reliability, they are not measured or 
documented in civil engineering practice.  Whether the absolute values of intrinsic forces 
may ever be measured without monitoring throughout the construction is questionable. 
However, it is possible to measure relative values by using special sensors that measure 
both temperature and strain at strategic locations.  Assuming linearity, at instances when 
the inputs are similar, relative changes in actions measured with respect to the datum 
should provide an equilibrium state satisfying the boundary, continuity and all other 
relevant mechanical characteristics of the system. This provides an opportunity for 
structural identification without having to provide artificial input to the bridge, especially 
given that past midnight thermal inputs stop changing and any measured strains correspond 
to a new set of self-equilibrating actions in the bridge.  
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Figure 11: Temperature Time-Histories for Sensors shown in Fig. 10 

 
Temperature-Based Structural Identification therefore aims to use the steady-state 
response of a structure to different temperature inputs (both spatially varying and spatially 
constant) as the experimental observations.  The approach summarized in Figs. 10 and 11 
offers advantages over vibration or load testing methods, as:  (a) large signal-to-noise 
ratios are attained due to substantial temperature loads, (b) the method focuses on steady 
state responses i.e. comparing one state of the structure to another without dynamic 
effects, and (c) it represents a cost-effective input-output testing method that also provides 
insight about the magnitude of changes in intrinsic forces. This effort is being led by Mr. 
Yarnold with guidance from Drs. Moon and Wen. 
 

2.5.2 Intersections between River Navigation and Highway Transportation     
 

Navigation on the Delaware River is a socio-economic system influenced by the bridge.  
Regulated by the Coast Guard, river navigation takes priority over highway transportation 
and the bridge should stand ready to open any time vessels require a clearance exceeding 
54 ft request to cross.  The Bridge has to open approximately 700 times a year to 
accommodate such vessels.  Piers of the T-P Bridge were struck on December 15, 1988 by a 
barge, resulting in minor damage to several piles and a pier. While the repair cost was only 
$60,000, lost tolls during the one month closure to traffic exceeded $1 million. This is 
another example of the intersections and interdependencies between river navigation and 
highway transportation infrastructures. 
 
Researchers are currently working on a new fender system that will offer more effective 
protection than the current wooden fenders as vessels are increasing in size and the risk of 
vessel collusion with piers has been increasing (Figs. 3 and 7) 
 

2.5.3 Complex Socio-Technical Intersections  
 
The above cases describe rather obvious intersections and interactions between nature 

and engineered systems and between highway and river navigation systems. Far more 
complex are the intersections between various socio-technical systems and the bridge. For 
example, operational decisions such as setting toll directions and amounts for various types 
of vehicles, decisions related to in-house versus contracted maintenance and repair actions, 
long-term Capital planning, and the relationships between BCBC and the freeholders of the 
Burlington County, relationships between BCBC and their constituents at Tacony (PA) and at 
Palmyra (NJ) are all highly complex issues that may often have a significant bearing on the 
engineered and natural systems.  Sometimes an accident on a bridge leading to litigation or 
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even the threat of litigation, or an article published in a local newspaper regarding the 
Bridge Commission may have significant consequences in the operations and preservation of 
the bridge itself.  These often sensitive intersections and interactions cannot be understood 
without access to a living infrastructure field laboratory, and unless the researchers have 
the confidence of the owners and consulting engineers for highly careful consumption of 
these lessons in education.    

 
2.6 Information Technology Infrastructure and Web-Portals: 

 

 
Figure 12:  Fiber Schematics and Typical Data Acquisition Hardware  

In order to realize the full potential of the field laboratory for education, researchers have 
been developing a bridge information management system (BrIMS) that is similar in concept 
to advanced BIM systems for Buildings.  BrIMS is being designed and developed by the 
Inspectech Corporation, funded by Pennoni Associates.  This system will archive an 
electronic copy of every relevant piece of hard copy documentation that has accumulated 
through the life of the bridge since its original design by Modjeski.  The system will also 
facilitate the biannual visual inspections of the bridge and associated reporting, in addition 
to follow-up and verification of maintenance actions recommended by the inspectors. 
 
The second IT element is a multi-scale, multi-modal, densely distributed sensing-imaging-
communication-and-computing system, as well as associated database tools. A customized 
warehouse for synchronizing, organizing, archiving and retrieving images, data and 
information, as well as computational engines for data visualization, fusing data, 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. 
 
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. 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 and installed by an IT 
company based on input from the researcher. 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.  
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Figure 13 ‐ Bascule Span Web Portal Live Load Data 

 
 

 

 

 

Figure 2: Bascule Span Event Playback 

The system of software, data-base and information warehouse for data and image 
capturing, archiving and retrieval, with associated visualization and interpretation engines, 
is led by Dr. Branco Glisic at Princeton University. This software system resides at the 
bridge site behind a firewall and is accessible to the researchers in concert with BCBC 
security and Pennoni Associates IT staff via the web. Once blocks of data and images are 
checked and cleared for public consumption, synchronized data and images will be released 
to subscribers of the Learning Bridge over the web. Software and web-portals for viewing 
synchronized data and images outside the firewall were developed by the Process 
Automation Corporation, as shown in Figs. 13 and 14. 
 
The web portal application can save specific events such as bascule openings or truck 
crossings for playback and analysis at a later date.  This allows for data acquisition and 
detailed analysis that can be used for education modules for all levels. Given that the 
bascule is a transforming system that changes its boundary conditions and gravity load, it 
has potential to serve as an excellent conceptual demonstration for fundamentals of 
mechanics and structural analysis.  
 
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 by the Lockheed Corporation.  This included a 
panoramic camera to view the entire bridge (Fig. 15). The Learning Bridge utilizes selected 
image streams from the security cameras in addition to images from the panoramic video 
feed.  
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Figure 15: Panoramic View of the River and the Learning Bridge 

3. Experiments in Learning 
 
Advised by Dr. Hewett, Professor of Psychology and Computer Science, and by Dr. 

Slaton, Associate Professor of Social Sciences, 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. 
These modules were envisioned as 30-45 minute multi-media teaching/learning instruments 
(Webinar, Distance Learning, DVD Project Case, etc), that would leverage the Learning 
Bridge for conceptual demonstration and delivery of complex concepts and tool skills that 
would otherwise be difficult to conceptualize, contextualize and master. It is envisioned that 
a 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 discussion has taken place regarding the minimum standards and the focus 
areas of the Learning Modules. It is recommended that each Learning Module should 
recognize and reflect 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 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 have “open-ended computer game” 
features, it is hypothesized that it may be easier to capture and hold the attention of the 
new generations.  While these recommendations should be helpful, researchers recognize 
that it is especially critical to design and develop the Learning Modules in accordance with 
the best practices for a project based learning (PBL) experience. 
 

3.1 Project-Based Learning (PBL) 
 
Thomas (2000) rigorously studied and synthesized the literature on PBL: “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 (Jones, Rasmussen, & Moffitt, 1997; Thomas, Mergendoller, & Michaelson, 
1999). Other defining features found in the literature include authentic content, authentic 
assessment, teacher facilitation but not direction, explicit educational goals, (Moursund, 
1999), cooperative learning, reflection, and incorporation of adult skills (Diehl, Grobe, 
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Lopez, & Cabral, 1999). 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 (Krajcik, Blumenfeld, Marx, & Soloway, 1994; Marx, Blumenfeld, 
Krajcik, Blunk, Crawford, Kelly, & Meyer, 1994 ); and "Expeditionary Learning" adds 
features of comprehensive school improvement, community service, and multidisciplinary 
themes (Expeditionary Learning Outward Bound, 1999a).” 

 
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." 

 
Given the above “generic” features for successful PBL on one hand, but a lack of 

literature or available examples of how these recommended best practices for PBL may be 
implemented in civil engineering education and how student learning by PBL may be 
objectively assessed, the research team faced both challenges and opportunities.  Even 
before embarking on the Learning Bridge project the undergraduate curriculum for civil, 
architectural and environmental engineering students at Drexel included classes on 
“Freshmen Design,” “Senior Seminar,” “Senior Design,” and “Special Studies” which are 
ideal opportunities for PBL. On the other hand, it is also clear that formulating and guiding a 
project that will engage and motivate a group of current generation students to coalesce 
into an effective team and to create a product that will help assess whether the students 
have really gained critical team-thinking skills, IT, experimental and analytical tool skills, 
interpretation and integration of data and information into knowledge, leadership, project 
management and communication skills during the experience, is a major challenge for any 
academic.  The Learning Bridge offered an ideal and authentic environment to faculty for 
selecting real projects for PBL of civil engineering and infrastructures at any level. 

 
Drexel faculty started experimenting with class projects for undergraduate student 

teams. Examples of such projects included modeling and analysis of real structural systems; 
interactions between constructed systems and nature; probability, statistics, uncertainty 
and risk; design of experiments and interpretation of data; 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; lifecycle benefit-cost analysis; and, innovative renewal 
constitute the learning modules that are in progress.  These projects helped faculty to learn 
to become more effective PBL guides, and explore whether/how a real-life infrastructure 
laboratory may significantly help to get students more interested and learn complex 
concepts more conceptually and effectively.  Two PBL Modules related to design, fabrication, 
construction and lifecycle management of steel bridges are described further in an Appendix 
to this Report.  

 
3.2 High School Bridge Days 
Approximately once a month, the Learning Bridge hosts students from specialized, 

magnet, and local area high schools to spend a day for learning about civil and structural 
engineering.  Science, Technology, Engineering, and Mathematics (STEM) education is vital 
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in preparing a skilled workforce and preparing future engineers to deal with the world's 
increasingly complex problems. Most students enter their undergraduate educations without 
any exposure to the field of engineering or its concepts. The Learning Bridge days enable 
teaching the basic concepts and generate interest in civil engineering by leveraging the 
resources of the Learning Bridge. 

 
A full-day workshop starts with an introductory lecture that describes the history of civil 
engineering, the difference between science and engineering, the history of the Tacony-
Palmyra Bridge, and basic concepts such as loading mechanisms and load paths, tension 
and compression members, failure modes, etc.  There is a walking tour of the bridge when 
graduate and undergraduate students describe the bridge and its components.  Finally, 
there are three education modules focused around team competition: a design module 
where teams of students get to build their own bridge from K’nex pieces using the concepts 
illustrated on the real life learning bridge; an analysis module where the students use load 
sensors on a PASCO model of the T-P bridge to see how load paths change as a truck 
travels on a bridge; and finally a construction module where the students explore 
construction by using their hands to build a former Drexel fabricated steel bridge that was 
designed for ASCE-AISC Steel-Bridge Competition..  The day ends in a finale where the 
K’nex bridges the students have fabricated are tested to find out how much load they can 
carry and the efficiency of their design. 

 
Chronology of Outreach Activities 

10/20/2010 - Hempstead High School Learning Bridge Day 
10/27/2010 – Brooklyn Technical High School Learning Bridge Day 
11/19/2010 – Haddonfield and Palmyra High Schools Learning Bridge Day 
06/04/2011 – University City High School Learning Bridge Day 
08/05/2011 – ACE Mentor Program Learning Bridge Day 

 
Appendices 
 
PBL Modules for (a) Bridge Renewal; (b) Bridge Protection from Ship Impacts; and, (c) 
Performance-Based Bridge Design (Design-Fabricate-Erect-Test to Validate Performance in 
competition with other students).  
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Appendix (a) 
 
Tacony Palmyra Bridge Preservation and Renewal Project: 
 
In 2010 a group of five Drexel Seniors undertook a year-long effort to study the Tacony-
Palmyra Bridge and develop conceptual solutions to how it may be preserved by renewal. At 
the project’s inception, the team was tasked with investigating not just the structural and 
mechanical systems of the bridge but to understanding the infrastructure, social, 
environmental, and political systems that the bridge exists within and influences.  
Furthermore, this task of understanding was not limited to the present-day; its purview 
included the past, present and future of each system.  Without the resources of the 
Learning Bridge project, it is doubtful that such breadth and depth would have been 
achieved in what for many students is exclusively an exercise in routine design.   

Commonly, senior design projects are isolated from the realities of the world and the 
excitement of challenging engineering – they are by-the-book and myopic.  What the 
Learning Bridge has achieved in this instance is that it has allowed the students to gain a 
better understanding of civil engineering within a greater context and in its proper role.         
 
The Tacony-Palmyra Bridge has existed as a vital infrastructure asset since its opening in 
1929.  Designed and constructed by Ralph Modjeski at the behest of the local ferry company 
of Tacony, PA and Palmyra, NJ, it served as the only automobile bridge across the Delaware 
River in Northern Philadelphia for over forty years.  In its early years of service it carried 
agricultural commerce from New Jersey to Philadelphia and shore-bound tourists from 
Philadelphia to New Jersey and back again.   Since that time the surrounding communities 
of Tacony and Palmyra as well as the surrounding counties of Philadelphia and Burlington 
have evolved substantially.  Despite this, the bridge has stood relatively untouched, 
requiring only routine maintenance and a few specific rehabilitation efforts; the greatest 
change to the bridge’s function came through a reduction in the number of vehicle lanes 
from four to three in 1996. This was required due to the need to widen the lanes to satisfy 
the increases in lane-width standards. 
 
As the bridge was commissioned, Modjeski proclaimed that with only routine maintenance, 
the Tacony-Palmyra should be able to function properly for the next 100 years following its 
inception.  With the advent of that 100-year milestone approaching, the students felt that a 
study regarding how the bridge may be preserved and enhanced through the next 100 

Figure 1 –Landing of Tacony‐Palmyra Ferry and the Bridge on Opening Day in 1929

1
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years would be a valuable and 
challenging project.  The goal was to 
determine the best plan to enable 
the bridge to continue as a vital asset 
in the transportation infrastructure of 
the Delaware Valley.  The 
investigation began with a wide-
ranging effort: the history of the 
bridge and the surrounding 
communities was documented, the 
modes of transportation that exist in 
the region and their development 
within the larger social and economic 
history of the region and the Nation 
was studied, and the functions that 
various bridges have served as well 
as their construction, design, and the 
technology needed were reported on.   
 
 
 
The study group met with Dr. Don Shanis, the Deputy Executive Director of the Delaware 
Valley Regional Planning Commission to learn more of the history of the regions 
infrastructure, current issues, and any projections of future needs.  Through Dr. Shanis the 
group was able to build a great foundation for how to proceed in investigating the Tacony-
Palmyra Bridge and its place within a larger context.    
 

 
 
 
 
 
The group then met with Dr. Amy Slaton, a Professor of History at Drexel University.  Dr. 
Slaton’s intimate knowledge of the development of technology and the socio-technical 
implications of infrastructure projects gave the group a more nuanced view of the 
importance of capital projects and helped the group better understand the implications of 
civil engineering far beyond the work-site itself.  After these interviews with Dr. Shanis and 
Dr. Slaton, the group recognized the importance of the relationships between the Tacony-
Palmyra Bridge, its neighboring bridges, the Ben Franklin and Betsy Ross, and the 
populations served by these bridges. Special attention was paid to the residents of 
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Figure 2 ‐ Current Transportation Options for Commuters 
Travelling from Burlington County, NJ to Philadelphia 

Figure 3 ‐ Population Trends in Delaware Valley and 
Ridership Comparison with Neighboring Bridges 
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Burlington County, the main constituency of the Burlington County Bridge Commission, the 
owner of the Tacony-Palmyra and also the Burlington Bristol Bridge. Through this study, the 
historical role of the bridge in the Delaware Valley region was better understood and 
appreciated.  
 
The Burlington County Bridge Commission (BCBC) proved an invaluable resource throughout 
the project.  The team met with the bridge historian and records curator, Sascha Harding, 
and the head bridge engineer, Jack DiGiovanna; these two individuals provided much 
needed heuristic knowledge for the student team.  Further interviews and meetings with Mr. 
John Jeffers, the BCBC Executive Director, and Liz Verna, the BCBC Director of 
Communications, allowed the team to experience working with a bridge owner and adjust 
the project’s goals to meet the needs of a governmental body. 
 

Following this, future trends in 
factors relevant to the bridge’s 
performance, such as population 
growth and traffic patterns, were 
examined in order to project what 
future challenges the Tacony-
Palmyra will face in the coming 
decades. After discussing these 
trends alongside the current state 
of the bridge with the BCBC, it 
became clear that a further study 
into the prospect of adding 
capacity to the bridge was needed. 
The goal of the study was 
crystallized as producing an effort 
as in depth as a real concept 
design that could be implemented 
on the bridge.  
 
 

 

Figure 3 ‐ Design Concepts from the Projects

Figure 4 Construction Sequence from the Final Design
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Alternative possibilities for adding functional capacity to the bridge were investigated, 
including the construction of a new bridge, a parallel bridge connected to the existing one, 
or new cantilevered lanes on either side of the existing superstructure. The third proposal 
was chosen on the basis of cost, design simplicity, avoidance of reinforcement for existing 
members, the least difficulty in obtaining approval, and maintaining the aesthetic quality of 
the bridge. Following this, the study attempted to explicate all necessary facets of such a 
design, including most importantly the lane geometry, the new traffic conditions at the 
approaches, the design and construction sequence of the cantilevers, and the redesign of 
the bascule and its mechanical system.  
 
After much analysis and investigation, a final design was chosen whereby the bridge would 
be expanded to feature four standard lanes of traffic and a sidewalk. The existing concrete 
deck would be replaced with a much lighter weight fiber-reinforced polymer deck, the 
existing floor beams would be reinforced and cantilever sections connected to them, a new 
and more powerful mechanical system would be installed for the bascule, and additions to 
the ramps at the approaches would be constructed. 
 
Through this project and the resources offered by the Learning Bridge, the Drexel student 
design team had the opportunity to explore civil engineering in all of its capacity.  By 
looking at the Tacony-Palmyra Bridge as a complex system - whether structural or 
mechanical, or as a resource for the public and revenue source for Burlington County – the 
team deepened their knowledge of engineering.  By placing this complex system within a 
larger framework of other systems – environmental, social, historical, political, and 
economical, the team was able to reach a breadth of knowledge that would not have been 
possible without the availability of the Learning Bridge as a resource 

  

Figure 6 ‐ 3D Rendering of the Final Design

Figure 5 Rendering of the Bridge Illustrating the Selected Concept Design  
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Appendix (b) 
 
The Tacony-Palmyra Bridge Fender Design Project  
 

The Tacony Palmyra Bridge crosses the Delaware River connecting the Tacony section of 
Philadelphia, Pennsylvania and Palmyra, New Jersey. The Delaware River sees a great 
volume of ship traffic from South and Central America, particularly through the Panama 
Canal. As the Panama Canal is undergoing a major expansion, larger vessels will be sailing 
up the East Coast and potentially along the Delaware River. 

 
To accommodate ships taller than the clear high-water height of 53‐foot under the Arch 
Span, the bridge features a Bascule span to accommodate larger ship traffic. Since the Arch 
span is relatively low compared to most demands, the Bascule span is frequently used. Out 
of the 7 piers comprising the substructure of the bridge, Piers E and F are the specific piers 
that associate with the channel under the bascule span. 

 
Fender systems are typically implemented to protect the substructure of a bridge extending 
over river navigation. Most fender systems contain drilled or driven piles that surround the 
piers with the goal of absorbing and dissipating the energy that would be produced in the 
event of a vessel collision with the pier. Based on the bridge inspection reports, both fender 
systems around Piers E and F (see Figs. 3 and 7 at the main body of the Report) are in poor 
condition and recommend immediate replacement or repair. 

 
The Burlington County Bridge Commission has requested the design of a new fender system 
that meets the requirements of the American Association of State Highway and 
Transportation Officials (AASHTO). The students researched all of the different types of 
Fender Systems used today. Five types of general fender systems, each providing different 
advantages and disadvantages were identified. Systems that were analyzed for possible 
adoption were pile supported systems, retractable fender systems, rubber fender systems, 
gravity fender systems and hydraulic pneumatic fender systems. After learning about the 
state-of-practice in fender technology, the students researched fender systems that were 
being used in circumstances similar to the Tacony-Palmyra Bridge. Final design alternatives 
that would be effective for similar magnitudes of ships sailing along the Delaware River were 
investigated further. 

 
Analyzing the ship traffic report, we were able to determine and classify the types of ships 
that pass through the bridge. We broke the ships into 3 different categories; frequently 
occurring ships (tugboats) less than 1,000 Dead Weight Tonnage (DWT), the mid range 
sized ships that appeared once a week that were between 1,000 DWT and 60,000 DWT, and 
finally the once a year ship which was greater than 60,000 – 100,000 DWT. This allowed us 
to determine what ship we wanted to design for.  

 
Before designing a prototype, we had to complete a software benchmark study to familiarize 
ourselves with nonlinear modeling using SAP2000 Structural Software.  Because of the 
magnitudes of energy dissipation our design is expected to provide, the use of nonlinear 
analysis was necessary. We completed benchmark studies of nonlinear analysis. We 
analyzed five different types of fender systems and also examined real life examples of 
fenders that could handle energies comparable to our design demands. 

 
Our designs were evaluated based on initial cost, annual maintenance cost, energy 
dissipation, aesthetics, lifecycle and sustainability. After deriving and acknowledging all the 
advantages and disadvantages of the individual systems, we could determine the best-fit 
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systems. Creating a design matrix for our criteria, we chose options for the pneumatic, 
rubber, and composite fender systems for recommendation as shown in Fig. 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
Figure 2: Tacony‐Palmyra Fender designs clockwise from the top left‐ Standard AASHTO Design, Composite Pile 
Design, Pneumatic Bumper Design, and a Rubber Fender Design 

Figure1 : Schematics of the Tacony Palmyra Bridge Fender Design
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Appendix (c) 
Learning Bridge Two-Quarter Bridge Engineering Course 
 
Drexel University CAEE Department’s 2-Quarter Bridge Engineering course is founded 
upon the principles of project-based learning and is taught in a studio-style in the 
classroom, in the field and in the laboratory.  This course attempts to embody the 
students into the creative and laborious elements of the civil engineering design 
process through a real project that is administered by civil engineering professional 
societies every year.  In addition, students are given a lecture each week to 
introduce them into the universe of bridge engineering, recognizing that bridges 
serve as critical constructed elements of complex multi-domain infrastructures. 

The project scope includes the 
design and fabrication of a 20 ft 
long “model” steel bridge which 
provides students with the 
opportunity to be involved in 
every one of the phases required 
of a real life design-build project. 
These phases include, but are not 
limited to: conceptual design, 
preliminary design, detail design, 
presentation in a competition to a 
jury of practicing engineer’s, 
bidding, acquiring funding, 
fabrication, construction and 
finally, testing and validation of 
performance as well as how each 
step of the design process 
impacted the performance of the 
final constructed system. 
 
Students compete using their final 
product on both the regional and 
national levels.  However, the 

benefits extend beyond these elements that students are graded upon, and help 
them learn how to work cohesively and productively in both small subgroups and 
within a single large team. 
 
At the start of the course, the students are assigned to small groups of 5 or 6.  It 
falls upon these groups to read the specifications of the project and conduct research 
into previous designs that have succeeded or failed.  The teams have one week to 
create a preliminary design and present it to their peers.  These designs are then 
critiqued in a discussion session following each presentation.  This process is 
repeated for approximately 3-5 weeks.  Throughout these weeks the students are 
expected to enhance their skills within the design process by beginning with sketches 
and conceptualized drawings of their ideas.  These are to then translated into 3D 
CAD, computer models and small-scale geometric replica physical models.  
 
With the utilization of finite element analysis software, students are expected to 
produce estimates of deflections and areas of high stress concentrations within the 
bridge.  In addition, the teams are encouraged to breakdown into various roles, often 

Figure 1: Conceptual Design Process 

Figure 2: A Computer Model
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headed by a team captain.  This allows the students to take on a project 
management position and develop leadership skills.  
 
At the end of the conceptual and preliminary design period, each team is asked to 
write a formal report, detailing the process used to reach their final design, 
highlighting its positives and negatives, and reporting both performance and cost 
analysis of the proposed structure.  This report is then distributed to prospective 
team sponsors in a manner very similar to bidding on a project.  The teams are also 
expected to give a formal presentation to the prospective sponsors.  Intended to be 
an overview of the report, this allows the sponsors a second look at the designs and 
a chance to ask questions.  The sponsors then select the design that they believe will 
perform the best. 
 
The class then merges all of the individual groups into one large group.  The selected 
design is discussed and optimized among the members of the class.  This is the first 
time that the entire class of students works as a team.  In years past, it has been a 
critical bonding experience that teaches the students the power of compromise and 
unifies them in everyone taking part in the final design.  For the remainder of the 
term, students work on the final detailed design, creating shop drawings for 
fabrication from which the jigs needed to fabricate individual members are designed. 
The necessary materials, tools, supplies and equipment are ordered at the end of the 
Fall term, with support from leading regional Contractors, Fabricators and 
Consultants. 
 
When students return in the winter term, fabrication begins with the construction of 
a ¼ scale model of the 20-ft long bridge.  This geometric-replica model is 
constructed and loaded using the principles of similitude.  A scale model is built for 
the many advantages it provides in deeper knowledge about the proposed design.  
From loading of the scale model, areas of localized deflection can be easily 
recognized as well as overall flexibility and possible failure modes, especially any risk 
of global instability.  The exercise teaches the students not to rely completely on 
computer modeling to understand the behavior of the bridge as a structural system 
as well as within the members and connections of the bridge. This helps them 
understand the relationships between element, connection and system, limitations in 
computer modeling and analysis, and to think about structural systems conceptually 
and in physical rather than just theoretical terms. 
 
Once the performance of the scale model is analyzed, students move forward with 
the fabrication of specific critical 
members within the bridge.  These 
members are tested in various 
loading scenarios such as pure 
tension, pure compression, and three-
point bending using the Tinius Olsen 
machine.  This allows the team to 
determine whether the ultimate 
strength of critical members exceeds 
their expected demand.  Upon 
completion and analysis of the critical 
member testing, adjustments are 
made to the design if areas of 
concern or weakness emerge.  The 
students then move forward with the 

Figure 3: Three-Point Bending Test 
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fabrication of the entire bridge.  This requires an intense amount of project 
management from those in charge of running the lab sessions.  Organization and 
budgeting of both time and money is critical in keeping both the students and the 
project on task and on time.   
 
It is often a goal of the team to have the bridge completed in a minimum of three 
weeks before the regional competition.  Vertical and horizontal load tests are 
conducted to determine if the bridge meets the minimum requirements for 
competition.   If it does not, then adjustments are made accordingly to increase the 

rigidity of the bridge.  
Here, students are have 
the valuable experience of 
getting a first-hand 
comparison between the 
computer model and 
results which have been 
through idealized models 
and the results yielded 
through actual loading and 
performance.  This is one 
of the greatest benefits 
achieved through the  
project-based learning.  
The results become a 
tangible experience for the 
students, making it easier 

for them to apply this experience to the theoretical aspects of analysis and design. 
 
The work continues on with the selection of the competition construction team as 
well as perfecting the erection and construction techniques.  Timed trials are 
recorded for different patterns of assembly.  The sequence of construction that yields 
the fastest assembly time is selected for use in competition.  For the past three 
years, Drexel has been extremely successful in producing an exemplary bridge with 
which to compete.   The team has managed to place within the top two in the 

regional 
competition over 
each of these 
years, receiving 
an invitation to 
compete at the 
national level.  
Drexel has done 
exceptionally well 
amongst its 
national 
competitors and 
Drexel’s team 
proves itself to be 
a worthy 
opponent 
dedicated to the 

experience of learning.  There is no doubt that the creation of a course leveraging 
such a project has helped to cultivate an impressive tradition and team. 

Figure 4: Construction Practice 

Figure 5: 2010 Steel Bridge Team at the National Competition 
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