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P 

The NCEES Engineering Education Award recognizes engineering programs that encourage 
collaboration on projects between students and professional engineers. The award program 
promotes understanding of the value of licensure and encourages partnerships between the 
engineering profession and education. Advancing licensure for engineers is a top priority for 
NCEES, and the award program brings these two groups together to ensure success for everyone. 

Working on these projects alongside licensed professional engineers allows students to see how 
engineers protect the health, safety, and welfare of the public. The projects give students the 
opportunity to take lessons out of the classroom and apply them to real-world issues. Students 
can then expand their knowledge of engineering principles. The licensed professional engineers 
benefit as well by working with the students and watching their capabilities and enthusiasm for 
the profession. We at NCEES also hope these award-winning projects inspire and serve as models 
for other engineering programs to develop collaborative projects and opportunities for students.

I thank the students, faculty, and practitioners who participated in this year’s competition. 
I applaud your efforts to connect professional practice and education and to inspire the next 
generation of professional engineers. I also thank the jury members for giving their time and 
expertise to evaluate each project and to continue supporting this initiative. 

The 2017 winning projects are featured in this book, and we hope these projects will inspire other 
engineering programs to collaborate with the professional engineering community to engage, 
enrich, and inspire future professional engineers.

Patrick Tami, P.L.S.
2017–18 NCEES President

President’s Message



The NCEES Engineering Education Award was established to 
promote understanding of the value of licensure and to encourage 
collaboration between the engineering profession and education. 

Academic programs accredited by the Engineering Accreditation 
Commission of ABET were invited to submit projects that 
demonstrate a meaningful partnership between professional 
practice and education. The competition was open to programs from 
all engineering disciplines.

Projects did not have to offer academic credit, but they were 
required to meet other eligibility requirements. The projects had 
to be in progress or completed by March 13, 2017. If a project had 
been entered in a previous award cycle, the engineering program 
was required to explain how the project had been further developed 
since the previous submission. 

The NCEES Engineering Education Award jury met in Clemson, 
South Carolina, on June 6, 2017, to conduct a blind judging of the 
16 entries. Each submission consisted of a display board, abstract, 
and project description. These materials were sent electronically to 
the jury for review prior to the judging and were also available at 
the judging.  

The jury considered the following criteria in its deliberations: 

Successful collaboration of faculty, students, and licensed 
professional engineers
Protection of public health, safety, and/or welfare
Multidiscipline and/or allied profession participation
Knowledge or skills gained
Effectiveness of display board, abstract, and project description

The jury selected the Dordt College Engineering Department to 
receive the $25,000 grand prize. The jury chose five additional 
winners to each receive $7,500 awards.

About the
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Jury members from each of the four NCEES geographical zones 
were chosen to represent state licensing boards, academia, and 
professional engineering societies. 

Michelle Roddenberry, Ph.D., P.E., Jury Chair 
Florida Board of Professional Engineers

Sallye Perrin, P.E.  
Maryland State Board for Professional Engineers 

Brian Robertson, P.E.  
Colorado State Board of Licensure for Architects, 
Professional Engineers, and Professional Land Surveyors

Ethan Brue, Ph.D., P.E.  
Dean, Dordt College Engineering Program

Amy Moll, Ph.D.  
Dean, Boise State University College of Engineering

Steven Schreiner, Ph.D., P.E.  
Dean, The College of New Jersey School 
of Engineering

Ronald Welch, Ph.D., P.E., COL (Retired)  
Dean, The Citadel School of Engineering

Robert Green, P.E., F.NSPE 
National Society of Professional Engineers 

Michael Smith, D.Eng. 
DiscoverE Diversity Council

Engineering Education Award Jury
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Dordt College
E n g i n e e r i n g  D e p a r t m e n t
Liberia Farm Bridge

“This was the first time that’s been done 
--connecting these communities- access 
to medical care, taking children to school, 
food security- all of that stuff.
Before the farm these were isolated 
communities we didn’t even know about.”

“They didn’t even know they
weren’t supposed to be able to

pull something off of this scale”

“This project not only bridged 
the gap between villages 
and society, but between 
communities and cultures 

around the world 
through engineering.”

 Ethics
 Design Codes
 Quality Control
 Time management
 Teamwork
 Software
 Construction management
 Construction practices
 Safety
 Logistics
 Cross culture relations

Knowledge and Skills Gained

Liberia Farm Bridge
Project Description
The Liberia Farm Bridge is a bridge located 45 miles outside of Monrovia, Libera.
The bridge was designed by four civil engineering students, and spans 53 feet, with a 
30 ton capacity. The engineering project drew together a community in the U.S. 
Many people donated materials, time, and finances to make the project happen. 
The Bridge connects a farm and a few villages to the rest of society, 
providing opportunities for growth and economic developement.

Before the bridge was in place, crossing the water either happened on the bridge shown, or by 
wading through the water. During times of heavy rain, the locations were completely isolated from all 
healthcare, food, and outside resources. The engineering students used engineering practicies 
such as surveying, steel constrcution design, concrete construction design, and soil design.

The students also learned about clear communication with engineers and ethical design. 
The farm is currently in the process of developing 150 acres of farmland to grow rice, cocoa, and
palm, providing jobs as well. It is now one of the largest developing farms in Liberia.
Therefore the bridge is aiding in the development of many jobs. 

Public Health, Safety, and Welfare
This vehicle bridge provides safety to all local peoples. It protects them from wading in the river and 
potentially getting water borne diseases and from injury. The bridge gives them access to healthcare 
quicker than before because of the vehicle access. It also promotes the welfare of the people through 
stimulating agriculture and economic development.

The bridge was constructed by paid local workers. This prompted the growth of the local community 
through people joining the existing community because of the work being done. This bridge also aided 
in the creation of farmland, thus creating jobs and opportunity that the local 
communities never recieved prior to the bridge.

Fields: Construction management, professional contracting, manufacturing, 
marketing, international logistics, drafting, estimating, scheduling, surveying

Construction team: 4 civil engineers, 1 mechanical engineer, 1 business professor, 
1 business major, 1 social work major, and dozens of liberians

Professional support: Geotechnical, structural, mechanical, and civil engineers, 
including review by a board of multidisciplinary PE’s.

Volunteer support: 27 U.S. companies- general contractors, manufacturers, 
an agricultural startup, equipment dealers, electrical contractors, coatings 
and paints specialists, maintenance departments, parts suppliers, logistics 
companies, and a hospital.

Student, Faculty, and 
Professional Collaboration

Connecting farmS, communities, and building economies

The engineering students learned how
important engineering and

infrastructure are to progress in the
developing world.  They each continue 

to use the lessons they learned. 

PREVIOUS BRIDGE FINAL BRIDGE with all the workers

Preliminary Design Structural Design Repurposed Beams Construction Final Bridge

Participants  

Students 
Monte De Kam, E.I.T.
Eric Fedders, E.I.T.
Peter Hoelsema, E.I.T.
Austin Lindemulder, E.I.T.
Kevin Steiger
Mark Tiemersma
Kyle Vander Zee, E.I.T.

Faculty 
Aaron Baart
Brian Hoekstra, Ed.D.
Joel Sikkema, Ph.D., E.I.T.
Justin Vander Werff, Ph.D., P.E.

Additional Participants
Dave Munkvold

Jury Comments 
“This project provided a 
sustainable solution to needed 
infrastructure in Harbel, 
Liberia.”

“The project was especially 
impressive in that it 
incorporated design and build 
and responded to the needs of  
a local community.”

“Great engineering such as this 
brings communities together.”

$ 2 5 , 0 0 0 
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Abstract  

The Liberian Farm Bridge, near 
Harbel, Liberia, connects a farm and 
three communities to civilization 
and the market. Through partnership 
with a local nonprofit organization, 
our undergraduate engineering 
students worked closely with one 
P.E., two construction management 
professionals, and other consultants 
to design and construct the bridge. 
The local church and its members, 
who operate the farm, have thrived 
in providing hope and joy in a 
country leveled by a civil war and an 
Ebola outbreak within the past 15 
years. Recently, church leadership 
purchased more farmland to take 
steps toward self-sustainability. 
However, due to a river crossing 
between the farmland and the 
market, the farm was without 
vehicle access. Without a bridge, the 
farm would not be able to grow and 
develop as the church needed. The 
newly constructed bridge and farm 
are located in the jungle 45 miles 
east of Monrovia.  

A team of four civil engineering 
students was challenged to provide a 
solution to this problem. Conditions 
required a span large enough 
(minimum 50 feet) for the river’s 
flood cycle (Liberia receives over 200 
inches of rain/year), and the ability 
to withstand any loads caused by 
flooding. 

The final design used materials 
from both the United States and 
Liberia. The 53-foot bridge allows a 

30-ton truck to reach the farm. In 
addition, the farm connects three 
communities to the modern world. 
The superstructure is steel beams 
refurbished from an American 
hospital. These beams were 
fabricated by the design team with 
aid from local businesses and then 
shipped to Liberia. The footings and 
piers were made of Liberian concrete 
materials, and the bridge deck used 
Liberian wood. Approaches were 
built using soil around the river.  

Construction finished in eight 
working days in December 2015. 
The design team also performed the 
construction, assisted by four others 
from the school with construction 
management experience and about 
30 Liberian locals. Liberian help was 
crucial to the project’s success and 
also created ownership in the project 
for the community. To ensure the 
bridge remained functional long 
into the future, the design team 
also created a regular maintenance 
schedule.  

In the year since construction, the 
farm has grown by 140 acres. More 
resources have arrived at the farm, 
such as a rice mill and a shipping 
container with supplies. One team 
member now works for the nonprofit 
organization involved, overseeing 
other engineering projects and 
following up with the bridge 
and community. He assists with 
inspection and maintenance, while 
also ensuring the Liberians still have 

a sense of ownership of the bridge. 
All of the undergraduate engineering 
students involved in this project 
have gone on to take and pass the 
Fundamentals of Engineering exam. 
One is pursuing a master’s degree in 
structural engineering, and the others 
are gaining professional experience 
working toward a P.E. license.   

This project provided a technical 
solution, but it also made a much 
larger impact in the lives of many 
Liberians and shows how engineering 
can be used to better lives and 
situations around the world.   
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Perspectives On  

Protection of public health, 
safety, and welfare 
Prior to construction of the bridge, 
the community had been using a 
footbridge constructed of bamboo 
stalks tied together. This bridge was 
a safety hazard—narrow, uneven, 
and extremely slippery when wet. 
This footbridge was the only way to 
haul goods to and from the farm, 
and carrying goods across made 
the situation even more perilous. 
Those who did not choose to use 
the footbridge would opt to walk 
through the river, also a dangerous 
situation. During flood season, the 

farm became nearly impossible 
to reach via the footbridge due to 
rapidly moving water.  

The engineered bridge aimed to 
solve all of the hazards created by 
the footbridge. The new bridge is 
12 feet wide—wide enough for 
both pedestrian and vehicle use. 
The bridge deck was flat and made 
from locally sawn lumber, giving 
adequate traction and servicing the 
river even when wet. Finally, the 
bridge was constructed to ensure 
that the highest flood, according to 
local guidance and recommendation, 
would not reach the bottom of the 
steel beams. Except in the case of 

extreme flooding, where the flood 
water rises and spreads past the built-
up approaches, the bridge is passable 
even during the rainy season. Hence, 
travel is still possible to or from 
the farm for regular use and, more 
importantly, in case of emergencies.   

Another important design aspect 
was railings for the bridge. Even 
though the bridge was built 
for predominantly vehicle and 
equipment traffic, the design team 
knew it would be widely used for 
pedestrian traffic as well. Thus, 
including railings was an important 
construction step. Immediately 
after the deck was completed, 

construction of the railings began to 
minimize the risk of falling off the 
bridge deck.   

Knowing that the risks above needed 
to be mitigated during design was 
easy. It was clear the farm needed 
something safer and stronger. 
However, the extent to which the 
bridge was safer and stronger needed 
to be determined. Even though 
Liberia has no building design codes 
or construction inspections, the 
design team chose to adhere to the 
building codes and requirements used 
in the United States. U.S. codes have 
been thoroughly tested, and the team 
concluded that using these provided 

Dordt College
E n g i n e e r i n g  D e p a r t m e n t
Liberia Farm Bridge

$ 2 5 , 0 0 0 
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the highest amount of safety to the 
Liberians using the bridge. The team 
used Load and Resistance Factored 
Design (LRFD), using all applicable 
factors. The team used ACI 318-14 
for concrete design, the American 
Institute of Steel Construction (AISC) 
Steel Construction Manual for the 
steel design, and National Design 
Specification (NDS) Code for Wood 
Construction for the timber design. 
By using these well-established 
manuals, the bridge’s factors of 
safety are acceptable in the United 
States, greatly exceeding any safety 
requirements from the Liberian 
government.

Because the bridge project included 
construction hazards, the team 
also ensured jobsite safety. As 
with design codes and standards, 
Liberia has no workplace standards 
that are enforced as they are in the 
United States. Again, because these 
standards have proven to be effective, 
the design team wanted to adhere to 
U.S. standards as closely as possible. 
Equipment such as safety glasses, 
earplugs, and gloves were used in 
construction processes that required 
them. The design team was able to 
bring various mechanical tools from 
the United States that the Liberian 
construction team had no experience 
with. Given this, the team from the 
United States either worked with 
these tools or trained Liberians 
thoroughly before using them. 

When it came to the public welfare, 
the design team aimed to provide a 
bridge that brought the most blessing 

to the entire area. To meet the 
needs of the eight-acre farm prior to 
construction, any small bridge would 
be adequate. However, a design that 
maximized the load capacity would 
bless the community the most. The 
design team wanted to ensure that the 
farm’s limiting factor in growth would 
not be transportation or equipment 
access in the future. The design 
team wanted the bridge to be able to 
support a farm that could someday 
work with 800 acres. Besides blessing 
the farm, the bridge also created a 
safer way for people in surrounding 
communities to cross the river. It 
also allowed more people to travel to 
and from market. Finally, after the 
bridge was completed, people from 
the local communities began to ask 
the church leaders for another church 
branch to be established on their 
side of the river. In summary, the 
bridge provided new opportunities 
and luxuries that the people there 
previously did not have.

Knowledge and skills gained 
Ethics: Understanding ethics within 
a specific cultural context was a 
key component in the design and 
construction of the bridge. In a 
developing country like Liberia, there 
are no legal design guidelines to 
follow. Ethical engineering, however, 
reaches beyond hitting minimum 
standards. It required that the design 
team design the bridge to be as safe as 
possible with the available materials. 
Using the design codes required in the 
United States and using construction 
materials from both countries, the 
team, with the help of many local 

Liberians, successfully accomplished 
the task of building a strong, 
safe bridge, meeting all U.S. code 
requirements. Ethical thinking also led 
the design team to make the decision 
to build the bridge with as many local 
materials as possible, contributing to 
the local economy. Finally, the team 
designed the bridge in such a way that 
maintenance could be done by local 
Liberians with basic tools after the 
team left the country.     

Design codes: The structural elements 
of the bridge were designed using the 
AISC Steel Construction Manual, the 
ACI 318-14 Building Code for Structural 
Concrete, and the NDS Code for Wood 
Construction. The design of the bridge 
stretched the design team, requiring 
them to dive deeper into the design 
codes than they had previously done in 
their coursework.   



10

Dordt College
E n g i n e e r i n g  D e p a r t m e n t
Liberia Farm Bridge

$ 2 5 , 0 0 0 

Perspectives On 

Quality control: In order to find 
an acceptable concrete mix design, 
the design team experimented with 
many different concrete test mixes 
before going to Liberia. Knowing 
that Liberians tend to add too 
much water to their concrete, the 
team closely regulated the amount 
of water added to each batch of 
concrete during construction. The 
team also made cylinders during 
construction and ran the 28-day test 
in the United States, confirming the 
30-ton load capacity of the bridge.   

Historical context: Pre-trip research 
provided the design team with 
essential information that governed 
the design of the bridge. One 
such piece of information was the 
maximum water level occurring during 
normal and severe flooding. More 
preliminary research led the team to 
discover that in the Liberian market, 
one cement brand from Germany was 
substantially stronger than the more 
readily available Turkish brand of 
cement. Without understanding the 
local context and history of the local 
materials, the bridge may have been 
substantially weaker.   

Aesthetics: While the superstructure 
of the bridge was built with steel and 
concrete, the design team desired 
to use wood on the deck to tie the 
bridge in with the surrounding jungle, 
looking less out of place. During 
construction, the team also used 
bamboo on the railings as a tribute to 
the original bamboo bridge.   

Time management: This was one 
of the largest areas of learning for 
the design team. With one semester 
to design and three weeks to build, 
time management was crucial. The 
design team took advantage of 
various tools such as Gantt charts 
to plan a project timeline and 
ensure all deadlines were met on or 
even ahead of schedule. The team 
supplemented Gantt charts by using 
a task-scheduling application called 
Trello, enabling them to assign team 
members to different tasks, while 
also dividing tasks into the order in 
which they needed to be completed. 
During construction, the team 
utilized all non-work time to plan 
ahead so they stayed on schedule. 
They had frequent meetings during 
lunch breaks and at the end of the 
day to solve unforeseen problems 
and plan the upcoming days.  

Teamwork: One of the most effective 
ways the team learned about teamwork 
was through assigning distinct roles 
to each person. The four-person team 
consisted of a project manager, a 
project engineer, a communications 
liaison, and a construction manager. 
Although each member was not strictly 
constrained to only work within his 
role, it was a valuable way to initially 
divide the workload, and then help 
the others out as needed. While in 
Liberia, new lessons in teamwork 
were learned daily. The eight-person 
construction crew initially planned 
on spending two full weeks building 
the bridge. With the help of over 30 
local Liberians, proper teamwork, 
and dividing up tasks, the bridge was 
completed in just eight working days.   

Software: Computer programs that 
contributed to the planning and 
design of the project were Mathcad 
Prime (design calculations), AutoCad 
Civil 3D (construction drawings), 
SolidWorks (preliminary modeling), 
and Risa 2D (load calculations)—all of 
which are programs that are used by 
many engineering professionals.   

Construction management: One thing 
the design team heard repeatedly 
from consultants was, “Things never 
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go as smoothly as planned, so have 
a good plan, but also prepare for 
things to deviate from the plan.” The 
design team took the advice seriously 
and put together a comprehensive 
construction plan that included a day-
by-day breakdown of tasks and the 
manpower and equipment required 
to complete them. The team also put 
together a contingency plan, so that 
if anything deviated from the plan 
during construction, they would have 
already thought about how to move 
forward and keep the construction 
on schedule. One surprise that 
occurred during construction was 
when over 30 Liberians showed up 
to help build the bridge when only 
10 were expected. This required the 
design group to quickly rethink how 
to best allocate the extra manpower. 
The extra manpower ultimately led to 
the bridge being finished in just eight 
working days.   

Construction: The team gained 
experience in many construction 
skills. One example is site layout. The 
team used a total station to precisely 
locate the boundaries of the footings 
and the height of the forms needed 
for the pedestals. Other construction 
skills learned include bending, 
placing, and tying rebar; excavating 
foundations; framing, mixing, 
pouring, and vibrating concrete; 
fabricating steel beams; torqueing 
bolted connections; constructing the 
wood deck; and placing rip rap.

Maintenance: Of course, building 
a bridge is one thing, but keeping 
it maintained and safe is the only 
way to make it last. The design team 

learned what would be required 
to keep the bridge safe and sturdy 
and wrote a maintenance checklist 
accordingly. This checklist was given 
to the Liberians who work at the 
farm, and the team does regular 
checks with them to confirm the 
condition of the bridge.   

Safety: The team learned that safety 
was of utmost importance during 
construction. Safety glasses and gloves 
were used, and precautions were taken 
seriously. This especially came into 
effect with the power tools. Many 
Liberians were eager to help but had 
little or no experience with some of 
the power tools. It was important to 
first teach them how to use the tools 
and then supervise while they used 
them, and, if necessary, the design 
team would handle the more difficult 
or dangerous tasks that required the 
use of power tools.   

Logistics: One major hurdle during 
the project was for the design team to 
figure out how to get four large steel 
beams from Sioux Center, Iowa, to 
Liberia, Africa. It was soon decided 
that they would be shipped overseas 
on a shipping container. After learning 
that the container could be used for 
more than just the beams, the team 
also sent along many construction 
tools and supplies in the container 
that would be useful to have while 
constructing the bridge. Many other 
supplies and donations for the 
organization were also sent in order to  
be most stewardly of the money being 
spent on shipping. All of this had to be 
completed months in advance to arrive 
in Liberia on time.

Multidiscipline or allied 
profession participation 
This project encompassed the 
construction management, 
professional contracting, 
manufacturing, marketing, 
international logistics, drafting, 
estimating, scheduling, and surveying 
disciplines. The construction team 
exposed multiple disciplines to 
engineering as well, including not 
only four civil engineers and one 
mechanical engineer, but also a 
business professor, a business major, 
and a social work major. 

A total of four geotechnical, 
structural, mechanical, and civil 
engineers provided insight to the 
team. The team performed weekly 
meetings with these engineers 
before construction, consultation 
during construction, and follow-
up after construction, logging 650 
hours of design and planning work 
before construction alone. Design 

calculations were reviewed by a P.E. 
licensed in four states, and following 
construction, over 10 presentations 
were given to both professional and 
volunteering parties, including two 
graded presentations. 

Twenty-seven U.S. companies 
contributed materials, services, or 
equipment, including three general 
contractors, three manufacturers, 
three equipment rental dealers, 
two electrical contractors, two 
coatings and paints specialists, two 
maintenance departments, two parts 
suppliers, a trucking company, an 
international shipping company, an 
agriculture initiative, and a hospital. 
The team also worked closely 
with the leadership, agriculture 
development, fundraising, and 
accounting divisions of the nonprofit 
partner, as well as the construction 
team counterparts in Liberia.
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Dordt College
E n g i n e e r i n g  D e p a r t m e n t
Liberia Farm Bridge

$ 2 5 , 0 0 0 

Points of View  

Joel Sikkema, Ph.D., E.I.T.
Justin Vander Werff, Ph.D., P.E.
Faculty advisors

What value does a real-world 
project bring to the students? 
Engineers use their abilities to serve 
others. At times, the discipline can be 
highly technical, which can distract 
us from the foundational role of an 
engineer to meet needs in the world. 
A real-world project focuses students 
on serving others. A host of options 
exist to meet the need identified by 
the project. The challenge and value 
of the project is that it requires that 
students empathize and see things 
from the perspective of those they 
are serving rather than their own 
particular viewpoint.

How do you decide which projects 
to work on? 
Dordt College Engineering uses 
a funneling process that allows 
students to select projects. At the 
beginning of the semester, a list of 
possible projects is presented that 
includes department and student 
suggestions. Students provide input 
on which projects interest them the 
most. In successive rounds of voting, 

projects with little interest are 
eliminated, and students are grouped 
into teams for specific projects.

How did this project prepare 
students for professional practice? 
This project stretched the students 
to practice holistic engineering. Their 
ability to interpret and apply relevant 
design codes was very important, 
but it was only one of a set of 
components that led to their success. 
This project also challenged students 
to apply their competencies in a very 
different cultural context, which 
impacted plans for construction 
management, quality control, and 
teamwork. The constructed bridge 
will shape the community it serves 
long into the future. This significance 
weighed on the students, and 
they sought to build the bridge in 
partnership with the people in Liberia 
and equip them with the skills needed 
to inspect and maintain it.

What was the biggest challenge 
on this project? 
Not only was this project ambitious 
in its scale, but it also faced 
substantial logistical challenges. 
Some engineering teams can 
dedicate most of their efforts to 
the design. In this instance, almost 

as much time, if not more, was 
dedicated to carefully planning 
the construction schedule and 
developing contingency plans to 
ensure that shipping delays would 
not risk the success of the project.

What advice do you have for 
other programs wanting to add 
similar collaborative projects to 
their curriculum? 
This type of project is exceedingly 
beneficial to students, but it is 
resource intensive. The high level 
of internal motivation that the 
students had was a driving factor 
that led to the project’s success. 
When this energy is fostered and 
channeled, it is amazing what young 
men and women can accomplish. 
Although we desire to “get to work” 
by starting designs right away, taking 
time to build and direct motivation 
within the team at the outset has a 
significant impact on the result.

How does Dordt College plan 
to use its $25,000 prize? 
The prize money will be allocated 
in three ways:

1. The Liberian Farm Bridge 
provided infrastructure that 
supported efforts undertaken by 
One Body One Hope, a nonprofit 
organization that is partnering 
with a community in Liberia to 
enhance agricultural productivity. 
This organization will steward a 
portion of the prize to support 
development projects that will 
complement the bridge.

2. Design and construction projects 
similar to this bridge incur 
significant costs. The Dordt 
College Engineering program 
will use some of the prize money 
to establish funds to encourage 
future engineering students to 
pursue international development 
engineering projects.
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of this scale with just four engineering 
students managing it. In addition, our 
advisors gave us a high level of freedom 
and trust. We needed the community 
around us, but by trusting us with the 
details, our mentors gave us a sense 
of ownership and responsibility that 
enhanced the experience.

What did you learn?  
Often, construction does not go quite 
as planned. While in the field, decisions 
need to be made carefully to ensure 
safety but also as quickly as possible 
to stay on schedule. Constructing 
the bridge reinforced the importance 
of proper and clear design work and 
forced us to think through some 
likely situations we might encounter 
in the field, which enhanced the 
constructability of our design work. 
We also learned that construction 
planning and scheduling must be 
completed well ahead of time. Carefully 
thinking through each task and the 
people and tools needed to accomplish 
it maximized the work that was 
accomplished in one day. 

How did the participation of 
professional engineers improve the 
experience?
We frequently emailed and called a 
number of professional engineers with 
our design and construction questions, 
even while we were in Liberia. This 
collaboration helped us overcome design 
hurdles, enhanced the constructability 
of our design, and minimized the 
possibility of error in construction. For 
example, the steel beams used in the 
superstructure were refurbished from 
a local hospital. It was a challenge for 
us to figure out how to connect beams 

together to span the required length. 
Input from a P.E. resulted in a design 
that used plates on both sides of the 
flanges of the beams, which achieved 
the needed strength. While in Liberia, 
we did not have advanced surveying 
equipment, which made placement 
of forms for concrete footings a 
challenge. Based on a P.E. mentor’s 
advice, to guarantee that there was 
no error in the footing locations, we 
built a temporary wall on one side to 
support the steel beams that were 
spanning the creek. This allowed us to 
build the forms in place.

What do you think the engineers 
learned from working with 
students on this project?  
We believe that the engineers 
learned that nothing is impossible 
when a community comes together. 
We had many skeptical looks when 
we told people that we planned to 
build a 53-foot, 30-ton-capacity 
bridge in eight working days, and we 
were skeptical ourselves. When we 
finished the construction just eight 
working days from the beginning, 
we were all blown away. We were 
all humbled by the experience and 
thankful for the opportunity to use 
our gifts for God’s glory in a way 
that brought a diverse set of people 
together to meet a critical need.

David Munkvold
Practitioner 

Why did you get involved with 
Dordt College’s project?  
The initial request came from 
Judd Duininck (partner/owner) 
for Duininck Inc. Judd had given a 

3. The final portion will be given 
to the engineering students and 
team members as a statement of 
gratitude. This was an exceedingly 
difficult project that required 
a high level of commitment. 
Everyone involved—Dordt 
College, One Body One Hope, 
NCEES, and the broader 
community here and in Liberia—
has been humbled to see their 
leadership and diligence.

Austin Lindemulder, E.I.T.
Kyle Vander Zee, E.I.T.
Students

What did you like best about 
participating in this project?  
The best part about participating in this 
project was seeing the entire community 
come together to make this engineering 
project happen on the other side of 
the globe. From funding to services to 
collaboration with engineers, all of it 
had to come together to pull off a project 

presentation at the college and passed 
contact information on to me. Being the 
operations manager for Duininck Bridge 
Division and having worked on an 
overseas project in years past, we hoped 
to assist in the planning in any way that 
we could. 

How did you assist the students in 
the Liberia Farm Bridge project?  
The students had a lot of personal 
initiative and were already quite far 
along into the project. Drawing from my 
experience, I asked a lot of questions to 
be sure they had covered all their bases 
in both design and logistics.

What did you learn from  
working with the students?  
The students were energetic and eager 
to tackle this project. I could tell nothing 
was going to get in their way, and their 
“get ’er done” attitude was great. The 
coordination to get that amount of work 
done in the short time that they were 
there is nothing short of a miracle. It 
shows how well they had organized, 
planned, and thought this through from 
beginning to end.

What did you want students to take 
away from working with you?
I have been in the field for years. By 
working together, I had the opportunity 
to pass along insights on design and 
logistical challenges. This impacted the 
project directly, and it gave the students 
a jump start for their future careers. 
Overall, their experience from a project 
such as this is a valuable life lesson.
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Design and Construction of a Reliable Drinking Water System for an Orphanage in Central America

Project Description

Licensed Professional Engineers and Faculty Partner with Students for a Multidiscipline Approach to Reach Solutions

Knowledge and Skills Learned Licensed Professional Engineers, Faculty, and Students 
Collaborate

Mission: Improve the Health, Safety, and Welfare of the ChildrenTHE PROBLEM: THE SOLUTION:
Answering the Call and Making a Difference

- Provided half mile of 1” distribution system piping
- Provided quarter mile of 2” water supply piping
- Provided 6000 gallons of water storage
- Provided a 20’ x 20’x 3’ concrete tank base
- Provided a water treatment system equipped with 

UV disinfection
- Provided a new 1.5 HP booster pump to pressurize 

system to 40 psi
- Provided three bladder tanks
- Trained end-users to operate/maintain water system
- Repaired 3,000 gallons per day of water leakage
- Countless meetings with professional engineers
- 1,500 (+/-) design labor hours
- 1,100 (+/-) construction labor hours
- 0 labor hours lost due to injuries

Having access to clean water opens up a world of opportunities for
community growth. Public sanitation and hygiene, combined with a
source of clean drinking water, creates lasting community health and
sustained human growth and development. As a child, disease from lack
of clean water and sanitation carries over into education. A child’s
education is affected by an increase in truancy, decrease in intellectual
potential, and increased attention deficits. With the benefits of clean
water, adequate sanitation, and good hygiene, educated individuals grow
up to be enterprising adults, who become the owners of businesses, as
well as corporate, community and national leaders. From the early years
of life, throughout childhood and into adulthood, water is a common
beneficial factor determining the quality of life and the possibilities of
the future.

Since the start of this project in 2015, over sixty
students worked alongside licensed professional
engineers, engineers-in-training, and faculty to
develop and construct the water distribution
system at the orphanage. The student design team
held bi-weekly project meetings over 18 months
with licensed professional engineers and/or
engineers in training (EITs) in attendance. During
the assessment and implementation trips, the
team always had two professional engineers
accompanying the students.

Principles and Practice of Surveying:
The surveyor’s level was critical in determining how high to
set the water storage tanks, as all the tanks in the system
needed to be at the same level. Prior to the construction trip,
students worked with a professional to set up the level and
understand the basic principles. Students also drew a sketch
of the existing site based on GPS coordinates obtained during
the assessment trip.

Control Systems Engineering: The
orphanage needed a system that was
fully automatic. Students developed a
process and control diagram (P&ID).
This P&ID became the road map
during construction. Shown above, is a
professional engineer and one of the
students calibrating a pressure switch
during construction.

Construction:
Prior to traveling, students developed a Plan Of Action and
Milestone (POAM). The POAM included, student assignments,
materials management, procurement plan, and a detailed
critical path project schedule. Every night during construction,
the Project Manager (a student) would hold a meeting to
review the critical path. Due to optimal construction
management, the project finished on time and $900 under the
original budget.

Environmental Engineering:
Students collected and analyzed water samples onsite.
Samples were taken for turbidity, bacteria, and pH. Students
also worked with a professional engineer from the local Public
Works Department to design a low maintenance, reliable
filtration and ultraviolet disinfection water treatment system.
The system is able to treat 30 gpm. Students also trained the
orphanage staff how to perform O&M.

Structural Engineering: 
Working alongside a
professional civil engineer,
students designed a
20’x20’x3’ concrete base to
support 6,000 gallons of
water storage.

Electrical Engineering:
A professional electrical engineer was
recruited to provide QA/QC on the
electrical design and to help re-construct
the power system. The electrical design
included load analysis, filter controls,
pump and pump controls, safety
grounding and power supply for the UV
disinfection system.

Technical Knowledge: In order to provide an effective solution, students applied a
variety of engineering concepts to design, plan, and construct a new, sustainable water
distribution system for the orphanage.
Listening and Problem-Solving Skills: Students communicated with the leaders and
staff of the orphanage to better understand the existing problem so they could
develop the most appropriate solution.
Interpersonal Skills: Since students were organized into design teams, good
interpersonal skills were required to engineer the implemented system. During
construction, students also had to work with one another to efficiently build the
system, often alongside skilled and unskilled laborers to whom they needed to relay
the design specifications.
Leadership: During the entire project, students were placed in leadership roles to
manage the required tasks, thereby directly affecting the lives of the local community.
Applied Creativity: Students learned the ability to turn theoretical concepts into real-
world applications that can help improve the lives of many local children as shown in
the photo on the right.

Upon student assessment of an orphanage located in the
southern region of Central America the existing water distribution
system was found to have numerous leaks, undersized pipes, pipes
with mold growing inside, and underwhelming water pressure in
addition to non-potable water. At that time, the water was
primarily reserved for cooking and drinking. There was often little
water available for lower priority usage like flushing toilets,
showers, oral hygiene, laundry, or general cleaning. Furthermore,
the approximately 12 ft tall concrete frame supporting the existing
water storage tanks was severely cracked and spalled. These
deficiencies resulted in a system that was not only inadequate, but
also a health and safety hazard to the nearly 150 orphans who
regularly drink the water and often play underneath the concrete
frame. The students, with the help of professional engineers,
worked to design, fund, and construct a new water distribution
network and storage system to provide clean potable water for
the orphanage, school, and clinic.

Participants  

Students 
Abigail Armuth
Jennifer Arias
Rony Avalos
Dan Bentley
Oscar Espinoza 
Alia Gholoom
Loryn Harris 
R. Scott Leary
Laura Meadows
Michael Mingo-Dabney
Badana Mohamadi
June Park
Benjamin Quann
Michael Schindler
Roberth Vallejo
Zoe Waide
Whitney Woodcock

Faculty 
Anthony Battistini, Ph.D., E.I.T.
Liza Wilson Durant, Ph.D.

Professional Engineers  
and Engineer Interns 
Matthew Doyle, P.E.
Mike Morningstar, P.E.
Basil Mouneimne, E.I.T.
Sean O’Bannon, P.E.
Kenex Sevilla, E.I.T.
Chris Triolo, P.E.

Additional Participants
Kristin Amaya
Gene Davis
Amy Mackintosh

$ 7 , 5 0 0 

Jury Comments 
“Excellent example of 
collaboration between civil, 
mechanical, and electrical 
engineering students and 
professional engineers.”

“This was a complex design 
and involved multiple 
disciplines.” 

“A successful project with 
a significant impact on the 
local population”
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Abstract  

In developing countries, children 
under five years of age are the 
most severely affected by the lack 
of access to safe drinking water. 
Without clean water, children may 
develop diarrheal diseases that can 
lead to fatal illnesses. An orphanage 
in the southern region of Central 
America had been using a water 
supply system that contained several 
deficiencies, including open sources 
of water, undersized pipes, and 
leaking faucets and toilets. With little 
water and pressure in the system, 

the orphanage would experience 
many shortages, especially in the 
middle of the day when water was 
needed for cooking and cleaning 
purposes. The low flow rate was not 
only inconvenient but had led to the 
development of mold in many of the 
water lines. Unfortunately, filtration 
and disinfection methods were 
unavailable, which further enabled 
bacteria growth. The onsite clinic at 
the orphanage provides help to the 
children affected by water-borne 
illnesses; however, the clinic supplies 
its water from the same source as the 
orphanage, exacerbating the problem 

of unsafe water. In response to the 
problem, the student organization 
dedicated its engineering skills and 
time to help improve the safety and 
quality of life for the community. 

Working alongside professional 
engineers, the student organization 
implemented an ultraviolet (UV) 
disinfection system capable of 
processing the water demand 
for approximately 150 orphaned 
children. In addition to the UV 
system, a new pressurized, looped 
water distribution network was 
installed, which encompassed the 

existing facilities and replaced 
the broken, cracked, and moldy 
infrastructure.  

The replacement and expansion 
of the distribution, disinfection, 
and storage systems were planned 
and designed over two academic 
years, totaling thousands of 
work-hours by the student group. 
Several multidisciplinary aspects 
of engineering were involved in 
the design and implementation, 
such as hydraulics, electrical 
engineering, mechanical engineering, 
and structural analysis, with an 
emphasis on sustainable design 
that requires minimal maintenance. 
The contribution of 60 engineering 
students of various degree 
concentrations, as well as 10 technical 
advisors and practicing professional 
engineers, made a large improvement 
in the protection of public health, 
safety, and welfare through this 
project. In addition, the project 
created a collaborative experience for 
students and industry leaders, who 
experienced a rewarding finish in 
January 2017.   

The following report discusses the 
details of the findings, collaboration, 
lessons learned, and results of the 
planning and construction of a 
reliable drinking water system for 
the orphanage.  The report highlights 
the collaboration between the team 
of engineering students, practicing 
professional engineers, and university 
faculty to improve the standard 
of living of the current and future 
orphaned children in this community.     
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Design and Construction of a Reliable Drinking Water System for an Orphanage in Central America

$ 7 , 5 0 0 

Perspectives On 

Collaboration of faculty, 
students, and licensed 
professional engineers 
There were interactions among 
all disciplines of engineering to 
design and install a system that 
was reliable, sustainable, and easily 
maintained. The team practiced a 
multidisciplinary approach when 
resolving potential conflicts in the 
planning stages. By communicating 
between teams during design, 
members practiced forward thinking 
in order to take advantage of the 
brief time of implementation in 
Central America and to avoid spatial 
conflicts during construction. 
Documentation and logistics 
planning were of peak importance 
to facilitate the construction and 
installation of the water distribution, 
storage, and disinfection systems. By 
incorporating all system components 
to create an effective water system, 
students not only learned technical 
knowledge from the licensed 
engineers but also developed 
skills related to the client–partner 
relationship and project planning. 
The following paragraphs highlight 
the multidisciplinary aspects 
involved in the project.     

Surveying: The students improved 
their understanding of surveying 
while working alongside professional 
engineers and faculty advisors who 
taught them how to survey beyond 
the classroom curriculum. Prior to 
traveling to the site, the location of 
the existing distribution system and 
the establishment of which tanks 
served which buildings was unknown 
until students collected conventional 
topographical information of the 
salient features of the property. 
The elevation change was measured 
between the newly located water 
storage base in comparison to the 
elevation of the kitchen sink to verify 
the water would still be able to flow to 
the faucet in case of a power outage. 
Working with multiple civil engineers 
to strategize the placement of the 
water system, GPS equipment was 
used to create an as-built plan of the 
facility, and the data was reduced and 
plotted to document the constructed 
water distribution system components 
so that it is easily understood by the 
local orphanage workers should they 
need to repair or expand the system.  

Geotechnical Engineering: Observing 
the existing land features, the highest 
usable point on the property was 
selected to construct the tank base. 

Surveying measurements were taken 
to calculate the difference in head 
from the kitchen faucet to this high 
point. There was a 1.5 foot height 
difference, but for constructability, 
the tank pad was built at 2 feet. Before 
construction, gravel was collected 
into a mound to act as fill where the 
tank pad was to be built. As done in 
engineering practice, the earth was 
surcharged by applying weight where 
the intended structure would be built 
to encourage settlement. 

Environmental Engineering: 
Using preliminary research on 
U.S. water quality standards and 
the characteristics to measure to 
assure potable water, students 
followed standard lab procedures in 
quantifying the safety of the water. 
Water quality tests were completed 
on-site using membrane filters 
so that the results were available 
for counting within 24 hours of 
obtaining the sample. Three samples 
per testing source were acquired, and 
the amount of bacteria within each 
sample was recorded. Performing 
these tests on-site allowed the 
students to make quick judgments 
to explore local availability of 
water disinfection methods, such 
as chlorine dosing, as a temporary 
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resolution until a permanent method 
of disinfection could be designed and 
implemented.   

Water Resources Engineering: 
Professionals taught concepts of 
hydraulics and strategies to design 
an efficient system that increased 
flow and maintained pressurized 
water. Students learned common 
practices to understand how 
components of a water system 
work together to create an easily 
maintained, sustainable system. 
With guidance from a professional 
engineer, students used the software 
EPANET to design and model the 
new water system.   

Structural Engineering: Students 
were guided in the design of 
several potential tank pads and the 
construction techniques of elevated 
structures. Ultimately built out of 
concrete masonry unit blocks with 
a concrete overlay, calculations 
ensured that the structure could 
safely hold 50,000 pounds from the 
water weight of the 6,000 gallons 
of total storage. To ensure that the 
wooden 4 feet by 4 feet control 
panel was designed to allow general 
maintenance and to be durable 
enough to withstand severe weather, 
loading scenarios were calculated. 
Because of the importance of the 
control cabinet in protecting the 
UV disinfection equipment and 
filters, the location of the unit was 
strategically placed behind the tank 
pad. The students designed the 
control panel to be of a user-friendly 
height and to take up as little space 

as possible to function. To limit the 
required space of the panel, a trap 
door was included to allow the UV 
light to be replaced annually, as 
recommended by the manufacturer 
to ensure performance. To prevent 
water seepage into the unit, silicon 
caulking was used around this trap 
door and all seams of the cabinet. 

Electrical Engineering: The students 
worked with a professional electrical 
engineer to design and install 
the control panel that powers the 
distribution and switch components. 
A pressure switch was installed and 
set to turn on the booster pump 
when water pressure is below 20 
pounds per square inch (psi) and 
to turn it off when the pressure 
exceeds 40 psi. A float switch was 
installed in the interconnected tanks 
so that when the tanks are filled, 
the switch turns the well pump off. 
Once the water elevation goes below 
a certain point, the float switch 
turns on the well pump to begin 
filling the tanks once more. All of the 
electrical components were installed 
underground or a minimum of 12 
feet above ground in a manner to 
protect the children from accidental 
contact with any wiring, both 
ensuring their personal safety and 
preventing system tampering.   

Mechanical Engineering: Under the 
guidance of licensed engineers, an 
appropriate booster pump size of 1.5 
horsepower was selected, and the 
pressure switch was calibrated to a 
range between 20 and 40 psi.   

Knowledge and skills gained 
In addition to the plethora of 
technical skills required to complete 
the extensive water distribution 
system installed at the orphanage, 
students identified communication as 
the key component to developing an 
acceptable solution to any problem. 
During the design phase, students 
had to communicate their engineering 
ideas to one another, often requiring 
the use of sketching, an important 
graphical means of communication. 
While planning, students worked 
with international partners to 
coordinate travel arrangements and 
delivery of construction materials. In 
the construction phase, students had 
to communicate with one another to 
share tools and to help one another 
when necessary. Lastly, along with 
communication among the student 
teams and professional engineers, it 
is important to communicate with 
the community to ensure the product 
meets expectations. The significance 

of a client–partner relationship with 
the community positively impacted 
the students and facilitated the 
understanding that although a perfect 
design may be constructed, if it does 
not meet the intended needs, it is 
not a successful project. There was no 
better feeling than when members of 
the community thanked the team for 
their hard work in taking the time to 
improve their quality of life.  

The lessons the students learned from 
this project and the community is 
something they will carry with them 
and appreciate for a long time to 
come; in doing so, they will continue 
to realize that, as engineers, they have 
a responsibility to society to never 
overlook a community’s declining 
public welfare. The knowledge gained 
through this incredible experience 
ranges from field experience in 
engineering to cultural learning for 
everyone involved.
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El Bosque Pedestrian Bridge

El Puente Hamaca Escondido, Joyabaj, Guatemala  

Collaboration:  
A diverse student team from 
multiple engineering disciplines, 
including Civil, Environmental, 
Construction, Mechanical, and 
Biomedical, worked with five 
licensed Professional Engineers, 
including a faculty member. The 
team also communicated and 
collaborated with translators, 
professors of Latin American 
history, the communities, the local 
municipal government, contractors, 
and masons in Guatemala. 

Knowledge and Skills 
Gained: 
The students learned valuable 
lessons about leadership and time 
management as they designed this 
bridge as an extracurricular project. 
They learned important aspects and 
impacts of geotechnical engineering, 
bridge design, cost estimating, 
construction scheduling, 
construction processes, and writing 
technical reports. Furthermore, both 
the mentors and students learned 
how to effectively communicate with 
a culture very different from their 
own, and how to help them meet 
their needs. 

Project Description: 
This project challenged students to 
find a sustainable solution to an 
issue that affects a lot of the world. 
Rural isolation brings economic 
hardships, and creates countless 
safety concerns. The communities 
of El Bosque and Piedras Blancas 
in Joyabaj, Guatemala faced these 
hardships everyday due to a 20-
meter deep gorge surrounding a 
violent river that separated them. 
The proposed solution was a 40-
meter cable-suspended footbridge 
using only materials and equipment 
available in rural Guatemala. 

Public Health, Safety & 
Welfare: 
The primary goal of this project was to 
provide safe access to schools, healthcare, 
markets, and jobs. After a priest was killed 
attempting to cross the gorge at the 
current bridge location, it became clear 
that a safe, reliable solution was necessary. 
This bridge is allowing the communities 
of El Bosque and Piedras Blancas to be in 
charge of their own safety, health, and 
well-being. 

Sustainability: 
This project served as a classroom 
for the beneficiary communities. 
The student and mentor team that 
traveled to Guatemala taught the 
community key aspects of 
construction, including how to read 
a plan set and the desirable water-
cement ratio when building with 
concrete. This will ensure the 
community can provide routine 
maintenance on the bridge. 
Additionally, the student team will 
continue to monitor the 
functionality of the bridge, and its 
affects on the communities for years 
to come. 

$ 7 , 5 0 0 

Waleska Crowe, Guatemala 
deputy director, EWB-USA

Juan Hernandez, president, 
Piedras Blancas

Hector Herrera, project 
coordinator, Joyabaj 
municipality

Catarina Ixcol, EWB-USA 
Guatemala employee

Jose Jiatz, president, El 
Bosque

Laura Matthews, Latin 
American history professor

Mincho Ortega, mason

Cindy Perez, translator

Rodulpho, mason

Teachers in Piedras Blancas

Jury Comments 
“This project greatly 
enhanced the safety of 
the crossing, and students 
learned the importance 
of collaborating with a 
community.”

“The project served to both 
connect the community and 
educate the community.”

“The students gained a 
significant amount of 
practical design experience, 
including the importance of 
stakeholder agreements.”
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Abstract  

In order to access schools, healthcare, 
markets, and jobs, two communities 
in Joyabaj, Quiche, Guatemala, were 
tasked with crossing a 20-meters-
deep gorge surrounding a violent 
river. After a priest was killed 
attempting to attend church across 
the river, it became evident that a 
reliable solution was crucial to the 
safety of the communities. However, 
the municipal government of Joyabaj 
lacked the engineering expertise 
and funding to provide them with 
a solution. Thus, an Engineers 
Without Borders student chapter, 
in collaboration with Bridges to 
Prosperity, stepped in to help the 
communities. El Puente Hamaca 
Escondido, a 40-meter cable-
suspended pedestrian bridge, was 
their solution. 

El Puente Hamaca Escondido was 
managed and overseen by students 
alongside their regular academics. 
They worked in collaboration with 
mentors such as faculty members, 
licensed professional engineers, 
stakeholders, end users, translators, 
and the municipal government 
of Joyabaj. Two student project 
leaders appointed smaller leadership 
roles to students in discipline-
specific positions: (1) hydrology 
and hydraulics, (2) geotechnical, 
(3) structural, (4) construction, (5) 
safety, (6) quality assurance and 
control, (7) project shadows, and (8) 
project monitoring and evaluation. 

From there, the students took 
the initiative to bring this project 
to life. The mentors guided the 
students and reviewed the design 
calculations, plan sheets, paperwork, 
and decisions made regarding the 
structural integrity of the bridge. 
Additionally, the students kept in 
close contact with the beneficiary 
communities throughout the entire 
process, including interviewing them 
and the local municipal government 
to gauge their needs and desires for 
the bridge.

The students gained knowledge and 
invaluable skills over the course 
of this project. Many students 

were able to see the engineering 
project process from conception to 
construction, including the design 
and continuous monitoring, for the 
first time. They were introduced 
to the importance of contracts, 
agreements, paperwork, and other 
items that must occur in order 
to complete a successful project. 
They learned about construction 
processes, scheduling, budgeting, 
bridge design, leadership, and 
communication. Many of these 
items can be taught individually in 
a classroom, but this project was 
able to provide a full-scale, real-
world experience that a class cannot 
teach. El Puente Hamaca Escondido 

provided the students with the 
knowledge and skills to work on 
and lead engineering projects in the 
future. 

El Puente Hamaca Escondido solved 
a persistent safety, health, and 
welfare issue for the communities 
in Joyabaj, Quiche, Guatemala. The 
bridge also provided an invaluable 
opportunity to the students who 
designed it and those who were 
able to travel to Guatemala to help 
construct it. Over the course of this 
project, the students discovered the 
meaningful and positive impact that 
the utilization of their education 
can create.
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Marquette University
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El Bosque Pedestrian Bridge

$ 7 , 5 0 0 

Perspectives On  

Collaboration of faculty, 
students, and licensed 
professional engineers 
Five licensed professional engineers 
were involved. Each professional 
engineer (P.E.) had several years 
of experience within different 
specialties of civil engineering. 
These included one P.E. from 
the disciplines of hydrology and 
hydraulic engineering, geotechnical 
engineering, and construction 
engineering, and two from the 
discipline of structural engineering. 
Additionally, two licensed P.E.s 
traveled with the student team and 

provided on-site engineering advice 
during construction.

The faculty and P.E.s involved went 
to great lengths to give the students 
project ownership. The students 
worked to resolve problems to the 
best of their abilities and contacted 
the faculty and P.E.s via phone or 
email conversations for advice and 
suggestions or to answer questions 
when the students deemed it 
necessary. Overall, the student 
members collaborated amongst 
themselves at least once a week, 
and many times a P.E. was present 
at those meetings. The students 
remained in contact with the faculty 

and P.E.s throughout the project 
at least once per month. The P.E.s 
reviewed all calculations and design 
documents with the students during 
the design process and as field 
changes were made based on field 
conditions that were unexpected.

In addition to the collaboration 
between faculty, students, and 
licensed P.E.s, the project team 
collaborated extensively with the 
communities that were directly 
impacted by El Puente Hamaca 
Escondido and the local municipal 
government throughout the project 
process. Community members, 
leaders, and teachers from El Bosque 

and Piedras Blancas were surveyed 
prior to the construction of the 
bridge to gauge the needs, desires, 
and other input. The community 
expressed its desired location for the 
bridge, and the economic, technical, 
and environmental impacts were 
evaluated to ensure this location 
was feasible. Through this process, 
the students learned the value of 
listening to their stakeholders and 
using a combination of technical 
and social data to determine the 
preferred project type and location.  

The student team wrote and signed a 
project agreement, implementation 
agreement, and a maintenance 
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agreement with the communities 
of El Bosque and Piedras Blancas, 
the Engineers Without Borders-
USA Guatemala office, and the 
municipal government of Joyabaj. 
These agreements outlined the 
roles, responsibilities, and financial 
contribution requirements for 
each party. Additional land-use 
agreements were signed in order to 
allow public access to the bridge. 
The students learned the value 
of these agreements and that the 
negotiation process helps to build 
ownership in the project and clarify 
the expectations of each stakeholder 
and their needs.  

The student team utilized a quality 
control process that required 
calculations, plan sheet drawings, 
and technical reports to be checked 
by a student teammate and then 
submitted to the P.E.s and faculty 
mentors to be reviewed. During 
the construction process, a quality 
control student manager was 
selected to consistently check the 
construction processes with the 
designs and plans and document the 
progress. The students learned the 
importance of the quality control 
plan and how to navigate the time 
required to successfully execute it. 

The student team learned that 
construction does not always go 
as planned. A shortage of rebar 
occurred while the team was building 
in Guatemala, which challenged 
them to respond quickly and 
reasonably. They bundled together 
smaller-sized rebar, which led to a 

design change during construction, 
and were able to get the plans 
approved while in Guatemala 
by the P.Es and faculty involved. 
Additionally, the students learned 
about safety on site. The 20-meter 
drop and steep slopes of the gorge 
created a particularly unique and 
dangerous situation that had to 
be continuously discussed. The 
students also learned about the 
importance of proper coordination. 
They were required to communicate 
and coordinate with other Engineers 
Without Borders chapters in the 
region of Guatemala to ensure 
the labor and materials would be 
available while the project was 
being built. The students learned 
the importance of construction 
engineering and the need to address 
differing site conditions in a 
disciplined and timely manner.

The student team, along with two 
P.E.s, traveled to Guatemala to help 
build El Puente Hamaca Escondido. 
They lived with the president of 
the community in El Bosque. They 
interacted with the communities 
professionally while they were 
working and socially while dining and 
playing soccer. The students learned 
how to work and communicate with 
people from a very different culture 
than their own.  

Knowledge and skills gained 
Each student team member learned 
how to be a leader while navigating 
the engineering project process. 
The team analyzed what needed to 
be done to successfully complete 

the project and took the initiative 
to do so. Each student member 
was required to research solutions 
to problems via resources such as 
books, papers, past reports, and the 
mentors. The students also delegated 
work when necessary and ensured 
a quality control mechanism was in 
place throughout the process. The 
students learned how to act boldly 
and complete project steps without 
explicit direction from a higher-up.  

During the survey of the bridge 
site, test soil pits were dug and 
the soil type was analyzed for 
constructability. Additionally, rock 
samples were gathered, and the rock 
type was classified for its building 
integrity. The students then designed 
bridge anchors that would not slide 
or overturn based on a geotechnical 
analysis. The students saw 
firsthand the critical importance of 
geotechnical data and how it affects 
the design of the bridge.

The bridge was designed using 
standards provided by Bridges 
to Prosperity. The manuals gave 
standard loading values and design 
considerations for footbridges, and 
they were adjusted and analyzed to 
ensure that they fit the specific project.

Limited heavy machinery or 
construction equipment was 
available during construction, so the 
design needed to ensure that the 
project was buildable using locally 
available materials and equipment. 
Additionally, special considerations 
needed to be made for the specific 

job site. For example, materials were 
passed along the gorge using a cable 
car constructed from a large cable 
and a cart.  

The importance of accurate cost 
and materials estimations was 
emphasized because the team needed 
to raise the funds for this project. The 
students understood that significant 
price changes would impact the 
agreements with the municipality 
and community and could ultimately 
jeopardize the project.  

The time available to construct this 
project was limited, and thus the 
need for a detailed and accurate 
construction schedule was critical 
to the success of the project. Each 
task was broken down, and the 
material and labor necessary to 
complete each task was identified so 
that construction could progress on 
a daily basis. The team planned to 
complete the bridge in 16 days but 
finished in only 10.  

As protocol of Engineers Without 
Borders-USA and Bridges to 
Prosperity, the student team was 
required to submit both technical 
and nontechnical reports to be 
reviewed by project engineers. This 
required pre- and post-assessment 
and implementation paperwork, along 
with an alternatives analysis report 
and project monitoring and evaluation 
paperwork. The students learned 
how to effectively communicate 
their design and ideas to others not 
directly involved in the design and 
construction of the project.  
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U N C / N C S U  J o i n t  D e p a r t m e n t  o f  B i o m e d i c a l  E n g i n e e r i n g 
Belltower Medical—Urinary Catheter Solutions
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Participants  

Students 
Rizwan Dard
Joel Newton
Hope Piercy
Brandon Regnerus
Thomas Wright

Faculty 
Andrew DiMeo Sr.

Professional Engineers  
Daniel Fuccella, P.E.

Jury Comments 
“The students identified an 
unmet medical need and 
developed a marketable 
solution, while collaborating 
with a range of practitioners.”

“This project is impressive 
because the team defined 
the need for the device, went 
through the design cycle, and 
are looking to commercialize the 
product.”

“The team directly addressed the 
health, safety, and welfare of the 
public by rethinking 100-year-
old technology.”

5/2/17, 9)39 AM

Page 1 of 1http://ncees.org/index.php?gf-download=2017%2F04%2FBelltower_P…8047795488c7d043a21d627c7c67909f06ca7455c8a91ee8d998b7f3f21738
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Abstract  

Belltower Medical originated from 
a year-long senior design project. 
We were tasked with shadowing 
clinicians in the hospital and 
identifying an unmet medical 
need. We then took the rest of 
the year developing a product 
that filled that need, taking 
into consideration our end user, 
Food and Drug Administration 
(FDA) regulations, and market 
considerations like intellectual 
property and price points. Our 
team collaborated extensively with 
local companies to evaluate our 
design and manufacturability while 
simultaneously revisiting our clinical 
mentors to determine the value 
and effectiveness of our product. 
We have entered in many local 
and national design competitions, 
submitted a provisional patent, and 
made plans to eventually turn our 
solution into a commercial product 
that can improve patients’ lives. 

Our focus area is sepsis, a systemic 
response to infection that kills 
a quarter of a million people 
annually in the United States alone. 
Through our stakeholder analysis, 
we identified one of the primary 
sources of infection as urinary 
catheters, which are responsible for 
40 percent of all hospital-acquired 
infections. Working closely with 
our clinical mentors, we developed 
a two-part solution to reduce 
infections: preventing bacterial 

introduction into the urinary tract 
during and after catheter insertion 
and limiting the post-voidal residual 
urine volume within the bladder. 
The first component to our solution 
is Sani-Cath, a small catheter 
insertion device designed to reduce 
the procedural steps for catheter 
insertion and allow cleaning after 
insertion. Our design includes 
an insertion tip that prevents 
the catheter from contacting any 
potentially contaminated tissues and 
applies lubrication during insertion 
to simplify the process. 

Additionally, Sani-Cath has cleaning 
rings that attach to the catheter 
tubing and can be drawn down 
the length of the catheter, by the 
patient or clinician, to clean the 
catheter during use. By preventing 
bacterial exposure, we can limit the 
number of infections and improve 
patient health.  

Our second solution is Slim-Cath, 
a novel fixation tip for a urinary 
catheter that replaces the nearly 
100-year-old Foley catheter 
balloon design. Slim-Cath allows 
full evacuation of the bladder and 
compared to the Foley balloon, our 
initial testing has shown a nearly 
95 percent reduction in residual 
urine volume. This improvement 
will prevent bacteria proliferation, 
reduce infections, and help patients 
recover more quickly. 

Throughout this design process, we 
have learned the value of iterative 
design and consistently refer back to 
the end user’s needs. Our long-term 
goal is to turn these design solutions 
and proof of concepts into a real 
healthcare commercial product. To 
accomplish this, we have focused 
on the next steps to get to market. 
We have recruited graduate and 
undergraduate students to our team 
to help achieve this undertaking. 
With a focus on FDA design controls 
and raising funds, we aim to file for 
a full utility patent within the next 
year and begin the necessary testing 
for a FDA 510(k) pathway. We are 
working closely with our engineering 
mentors, company partners, and 
clinical experts to ensure the 
solution will be manufacturable and 
will translate value in the hospital. 
We are Belltower Medical, and we 
aim to improve health outcomes for 
patients with urinary catheters.
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Perspectives On 

Multidiscipline or allied 
profession participation 
The continuous and frequent input 
of stakeholders guided our project 
from the very beginning. Once we 
established a focus on catheter-
associated urinary tract infections 
(CAUTIs), our team expanded our 
network and reached across a variety 
of disciplines to move our project 
forward. The current redesign of the 
urinary catheter involves a variety 
of engineering disciplines, with an 
emphasis on biomedical, material, 
and mechanical engineering. As an 
FDA Class II medical device inserted 
into the body, biomedical engineers 
understand the relationship 
between the design of the balloon 
mechanism and the function of the 
bladder anatomy and physiology. The 
material science engineers provide 
valuable insight into the material 
properties necessary for a functional 
design. In the case of our urinary 
catheter designs, the durometer of 
the silicone is crucial for our working 
prototypes. Lastly, the mechanical 
engineers help create various 
mechanical deployment mechanisms 
for our project which include a 
custom balloon deployment and 
a wire-based deployment within 

the lumen of the urinary catheter. 
Currently, our team is going beyond 
engineering to work with patent 
lawyers, marketing professionals, and 
business strategists to evaluate our 
product’s potential future in market. 

In approaching the CAUTI problem, 
our team relies heavily on the 
expertise of a variety of different 
parties. A central theme of our 
project and the success of our current 
path has been dependent upon the 
network of people around us. Here is 
a brief list of parties and experts that 
have assisted in our project:  

The hospital’s clinical staff have 
provided consistent feedback 
on the feasibility and designs of 
our project ideas. As the primary 
consumer of our product, nurse 
feedback has been critical to the 
designs.

A local urinary-catheter 
manufacturer has provided 
mentorship and feedback on 
our project. They provided 
key insights into design for 
manufacturability.

A group of local urologists 
offered extensive medical 
experience about the urinary 
system and continue to provide 
key information and insight into 

our project. Additionally, they 
provide a deep understanding of 
how our products will behave and 
react within the urinary tract.

A local medical device company 
engineer provided design and 
engineering assistance. He gave 
feedback, ideas, and insight for 
our engineering approach.

A local medical device design firm 
provided regulatory insight into 
our product and guidance on the 
510(k) FDA clearance process.

A rapid prototyping company 
aided with prototyping and 
design ideation.

A local polymer manufacturer 
gave custom ballooning expertise 
and prototyping assistance. As 
experts in custom balloons, they 
have been critical in building 
prototypes for our project.

The Office of Technology 
Transfer at our university 
worked with us to understand 
the terms and conditions to 
declare technology out of a 
university system.

A law firm assisted in filing 
for a provisional patent and 
understanding the patent 
landscape for our product.
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Several branches of the biomedical 
engineering department have been 
utilized in creating our product. The 
areas of study within biomedical 
engineering include biomechanics, 
bioinstrumentation, and biomaterials. 
All divisions are represented within 
our team. Two members of our team 
are biomechanics students, two 
members are bioinstrumentation 
students, and one is a biomaterials 
student. The diversity of our focuses 
and the team resources provide our 
project with a unique and creative 
approach to solving CAUTI. 

Protection of public health, 
safety, and welfare  
The primary focus and motivation 
for our design was the improvement 
of health outcomes for patients 
that are being treated with urinary 
catheters. Fifteen to 25 percent 

of all hospitalized patients receive 
urinary catheters during their 
stay, and their chance of a CAUTI 
increases by almost 8 percent per 
day. CAUTIs are the most prevalent 
hospital-acquired infections and 
cost $3,000 to $20,000 per patient. 
Urinary catheterization and CAUTIs 
cause various comorbidities and a 
mortality rate of 2.3 percent. Copious 
research identifies the Foley catheter, 
an outdated technology created 
almost 100 years ago, as the source 
of CAUTIs and their associated poor 
health outcomes. With the best 
interest of the patient in mind and to 
the bottom line, hospitals would be 
incentivized to prefer technology that 
would decrease the patient’s risk of 
acquiring an infection.   

Our products will positively influence 
the healthcare system by improving 

the health outcomes for patients 
who require urinary incontinence 
products, such as urinary catheters. 
Our products will positively influence 
treatments and interventions within 
hospitals, at long-term nursing 
homes, and at home.  

When designing our device and 
making critical engineering decisions, 
we strove to understand the device 
from the clinician and the patient 
perspective. When keeping the users 
in mind, we found that the device 
had to balance affordability with 
clinical effectiveness. To be clinically 
effective, the device had to be easily 
inserted, operated, and maintained 
by a busy clinician who will have 
numerous patients and limited time. 
With this in mind, the operation 
of the device does not drastically 
change clinical practice; however, 

the design team’s greatest obstacle 
was creating a device that could be 
manufactured affordably on a large 
scale while meeting the standards for 
limiting bacterial introduction. At the 
same time, the team had to maintain 
various FDA regulations required 
to market the device in the United 
States. The design team continues 
to face engineering challenges 
that range from improving clinical 
effectiveness, manufacturability, 
patient safety, and extensive 
regulatory processes. The team has 
met every challenge by relying on a 
diverse set of expertise and has seen 
first-hand how each decision can 
improve the quality of the device. 
We look forward to developing the 
product further and consider well-
educated engineering decisions to be 
the cornerstone for future innovation 
and the development of our device. 
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Seattle University 
D e p a r t m e n t  o f  C i v i l  a n d  E n v i r o n m e n t a l  E n g i n e e r i n g 
Design of a Care Facility for Young Mothers in Uganda

$ 7 , 5 0 0 

Participants  

Students 
Trevor Coffman, E.I.T.
Andrew McAferty, E.I.T.
Steven Millett, E.I.T.

Faculty 
Nathan Canney, Ph.D., P.E.
Nirmala Gnanapragasam, 
Ph.D., P.E.

Professional Engineers  
Cory Hitzemann, P.E., S.E., 
LEED AP
Rachel Vranizan, P.E.

Additional Participants  
Jim Dooley
Sister Elizabeth Namazzi, Ph.D.

Jury Comments 
“This project provided students 
with many insights into real-
world engineering.”

“The team adapted U.S. 
standards to a different county 
and was successful.”

“Excellent interaction with local 
architect to obtain constraints 
and realities on the ground at 
the site”

Design of a Care Facility for Young Mothers in Uganda
Introduction
A catholic church in Masaka, Uganda envisions a 
facility to house unwed mothers to provide space 
for their prenatal care, child birth, and a place to 
develop skills to earn a living. 
The facility is to consist of three buildings:

a clinic to provide medical care.
an education center to train the mothers to 
develop skills enabling them to earn a living.
a convent to provide housing, counseling and to 
meet the spiritual needs of occupants.

Education Center Floor plan

Knowledge & Skills Gained
•Technical Expertise
◦Developed working knowledge of international building code (IBC 2012), American Society 
of Civil Engineers Standard ASCE 7-10, American Concrete Institute ACI 318-08, 2012 
National Specification for Wood Construction 
◦Familiarity with Computer Software: AutoCAD 2015, Revit 2016, and SAP2000

•Communication and Collaboration
◦Developed public speaking and technical writing skills.
◦Interpersonal communication with a lay-client, professional engineers, and an architect.

• Professional Skills
◦Project Management skills: running meetings, preparing meeting agenda, following up on 
action items, scheduling, and professional responsibility.
◦Ability to be team players.
◦Exposure to societal, cultural, and global issues.
◦Appreciation for human-centered engineering, public safety and welfare.

Design Constraints & Challenges
•Team researched local construction materials 
and practices and discovered that walls are 
made of clay fired bricks, Mahogany for roof 
trusses, and corrugated metal for roofing plus 
use of reinforced concrete to be limited due to 
cost.

•Due to frequent power outages, ventilation and 
daylighting was optimized during design.

•Due to lack of local design codes, International 
Building Code was used in design.

Facility Site Layout

Engineering Design Work
Examples of Engineering Drawings of Clinic

Faculty-Student-Licensed & Allied 
Professional Collaboration: Three civil 
engineering students worked with two licensed faculty 
members and two engineers from a local company, one 
of whom is a Structural Engineer (SE) and Leadership 
in Energy and Environmental Design (LEED) 
professional and the other a Professional Engineer 
(PE). Both from Uganda, a nun served as the client and 
an architect served as a resource to the team.

Benefits to Public Health, Safety & 
Welfare: In any culture, a mother’s health, 
security, and welfare greatly impact a child’s future 
well being. This project, when implemented, will provide 
a strong foundation to a marginalized group. 

Clinic Floor plan

Convent Floor plan

Scope of Work & Deliverables
•Project Proposal (submitted in Dec 15)
•Deliverables (submitted in May 16) 
consisted of
◦site and Architectural lay out of facility,
◦construction Material selection,
◦structural design of roof trusses, shear 
walls, and foundation recommendation, and
◦a 32-page plan set showing Engineering 
Drawings of the facility.

Clinic East Elevation

Clinic Roof Truss Plan View

Roof Connection Design

A plan set consisting of 32 sheets of engineering design drawings were developed for the facility.

Main Truss in Clinic

Cross section of Ring Beam
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Abstract  

A nun from Uganda approached 
our department with a vision of 
developing a facility in her country to 
provide services to unwed pregnant 
women who are abandoned by 
their families. A team of three civil 
engineering seniors worked on this 
project as part of their year-long 
capstone experience. The students 
were supervised by two faculty 
advisors and two practicing civil 
engineers from a local structural 
engineering company, all professional 
engineers (P.E.s). One of the 
practitioners was also a structural 
engineer (S.E.) and a Leadership in 
Energy and Environmental (LEED) 
certified professional. An architect 
from Uganda served as a resource to 

the team to answer any questions on 
the local construction practices. 

The facility consisted of three 
buildings: a clinic to provide pre- 
and post-natal care for the mother 
and baby, an education center to 
provide skills to the mothers to earn 
a living, and a convent to provide 
accommodation and to meet the 
spiritual needs. The nun provided 
hand-drawn sketches showing 
the desired features in two of the 
buildings. The team improved these 
sketches with input from the P.E., 
S.E., and LEED professionals and 
came up with a revised architectural 
layout for the facility. The team 
was responsible for the site and 
architectural layouts of the buildings, 
structural design of the roof and 

walls, and the foundations. The 
team researched the construction 
materials and local construction 
practices in Uganda and methods to 
determine site-specific forces (wind 
and seismic) acting on the structure. 
Through this project, the team 
learned ways to modify or customize 
codes and construction practices to 
fit the needs of a developing country. 

The students became aware of 
global and cultural differences 
and how their engineering work 
could positively impact unwed 
mothers, who are a marginalized 
group in Uganda. This project, 
when implemented, could change a 
whole community, as the health and 
wellbeing of a child is closely tied to 
that of the mother. 

The project experience helped the 
team to improve its communication 
skills. During the year, the team 
presented its work to the local 
structural engineering company, 
professional societies (local chapter 
of American Society of Civil 
Engineers and Structural Engineering 
Association), the departmental 
advisory board members, and their 
fellow students. The team prepared 
a written proposal for the nun in fall 
quarter describing the project scope 
and approach; in spring quarter, it 
prepared a final report describing the 
final design, a 32-page engineering 
drawing set, and a trifold project 
poster. The team also learned to 
interact with a non-civil engineering 
client and an international architect. 

The team applied its engineering 
knowledge and skills acquired from 
course work and internships to a 
real-life project. The team developed 
various project management skills: 
time management, scheduling, and 
teamwork. Each student served as 
the project manager for a quarter 
and was responsible for setting up 
team meetings, preparing agendas, 
running the meeting, assigning 
tasks to team mates, and following 
up on the completion of previously 
assigned tasks. The project gave 
the students a renewed sense of 
appreciation for global issues and 
human-centered engineering.
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Perspectives On 

Collaboration of faculty, 
students, and licensed 
professional engineers  
All engineering students are required 
to successfully complete a team-
based, nine-month-long capstone 
project for an external client. In 
this project, a three-person student 
team was supervised by two civil 
engineering faculty members, both 
licensed professional engineers. 
In addition, two engineers from a 
company near the university served 
as consultants to the team–one of 
them is a registered S.E. and the 
other a P.E. The students met with 
the faculty member weekly and with 
their industry engineers every two 
to three weeks. The faculty members 
provided technical assistance and 
provided feedback on several drafts 
of the proposal in fall quarter and 
the final report in spring quarter. 
The practicing engineers educated 
the team of U.S. construction 
practices and how these practices 
could be modified for Uganda.

It is mandatory for all capstone 
teams to participate in an 
annual American Society of 

Civil Engineers local section 
presentation competition. These 
presentations were judged by a panel 
of five licensed civil engineering 
practitioners. The format for this 
competition is a 15-minute oral 
presentation followed by questions 
and answers. In addition, the team 
presented its proposal to the local 
Structural Engineering Association 
at one of its monthly meetings. 

Our department has an active 
industrial advisory board consisting of 
about 10 professional engineers. The 
board meets twice a year to discuss 
industry–academic partnership issues. 
The team made an oral presentation 
to the board in fall describing its 
project scope and plan of action. In 
spring quarter, the team presented 
its final design and recommendations 
to the advisory board.

Multidiscipline or allied 
profession participation
The S.E., who was advising the 
team from the local company, also 
happened to be a LEED-certified 
professional. This was useful when 
the team was trying to optimize 
the ventilation and lighting for 
the buildings. The nun from the 
Ugandan Catholic Church was 
in the United States during the 
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project initiation to meet with the 
team and to discuss the client needs. 
She returned to Uganda at the end 
of fall quarter and was in touch with 
the team via email. She introduced 
an architect from Uganda to serve 
as a consultant to the team to 
answer any questions related to local 
construction practices. An electrical 
engineer, who is an alumnus of 
the university, was a friend of the 
Ugandan nun. He served as the 

Failure mode Facility Demand Capacity DCR* 
Table 2. Demand (D) to Capacity (C) Ratio for the Shear Walls 

In-plane bending 19 kip 120 kip 0.16 
120 kip 175 kip 0.69 

 48 kip 55 kip 0.87

Education center 
Clinic 
Convent

Out-of-Plane bending 14.1 psi All three structures 30.6 psi 0.46 
* Demand to Capacity ratio

client’s local representative in 
her absence. He also established 
a nonprofit organization to raise 
funds to eventually implement the 
project. The team’s final design 
package was useful in raising 
funds. Since graduating, one of the 
students serves on the board for this 
nonprofit organization.
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Daniel O’Sullivan, P.E.
Nancy Chin, P.E.

Additional Participants 
Rebecca Ossa

Jury Comments 
“The team communicated well 
the design options and the 
complexity of the constraints.”

“Several designs were analyzed 
and presented that gave the 
owners several options.”

“This team demonstrated 
excellence in the evaluation 
of project options, effectively 
channeling good decision-
making to a refined 
recommendation.”

Restoration and Replacement Options for a Utility Company Bridge
Project Description

A utility company owns a steel bridge in one 
of its hydro electric power generation 
facilities. The site is in a remote location 
within a national park. The lead based paint 
on the bridge is peeling and flaking off into
the river. The company requested one of 
the capstone design teams to come up with 
options to restore and/or replace the 
bridge.

Project-Specific Challenges

Limited Access

• Remote location of site makes transportation of construction 
materials and equipment difficult and expensive. 

• Limited onsite storage space requires careful planning of 
material staging and work crew scheduling.

• Powerlines 40 ft above bridge deck limits height of 
construction equipment that could be used.

• Access to bridge underside restricted by lack of access hatches 
on bridge deck and insufficient clearance between underside 
of bridge and mean water level. 

Option 1: Restoration of existing bridge through paint removal and repainting  

Restoration and Replacement Options

Technical
• Students learned to assess, analyze and 

make design recommendations for an 
existing structure

• Worked on a multi-faceted project with
structural and environmental issues

• Worked with building codes, design 
specifications and computer aided drafting

• Students became familiar with paint and 
hazardous waste removal process, 
constructability and connection design

Communication
• Written – proposal, design calculations, 
final report, professional emails to sponsor

• Oral – presentations to senior design 
class, sponsor, local engineering chapters

Project Management
• Team work, scheduling, time management 
• Rotating project manager responsibilities

• Lead contamination could have adverse 
impact on health and safety of living 
beings. Team took precautions to prevent 
contamination during paint removal.

• Overhead powerlines were considered 
when planning the construction process in 
options 2 and 3.

• Security was of concern due to bridge 
being open to public and its proximity to 
utility operations. Option 3 addressed this 
concern.

PowerhouseSwitch
Yard

Existing
Bridge

PowerhouseExisting
Bridge

Switch
Yard

Utility
Facilities

N Flaking Lead Paint on Plate 
Girders under Bridge Deck

Limited underside 
bridge access

Student Collaboration with 
Faculty, Licensed Engineers 

and Allied Professionals 
• A diverse team of four students worked 

with a faculty advisor and a company 
liaison (both Professional Engineers)

• Interacted with allied professionals

Fall Winter Spring

Site Visit and
Written Proposal

Analysis and 
Design

Final Report and 
Presentation

Skills Developed

Benefits to Public Safety

Option 2: Removing existing bridge and replacing with new bridge at same location

Option 3: Restoring and repurposing existing bridge and building new bridge at different location

Team recommended the process for lead paint removal, hazardous waste disposal and re-painting

Team designed access
hatches for workers to get to  
underside of bridge

Access Hatches

Team contacted a scaffolding 
company to get details on 
suspended scaffolding

Suspended
Scaffolding

Team contacted a painting company 
and obtained details on lead removal 
and containment & painting process

Team developed a construction sequence with a gantry crane system 
on rails to demolish existing bridge and to construct new bridge

Team recommended the Company to sell existing bridge for scrap metal (buyer responsible for lead paint removal); team designed replacement bridge

8 ft x 13 ft Precast 
Concrete Panels

(2) Steel Plate Girders 
59” Deep x 5/8” Thick Web
14” Wide x 7/8” Thick Flange

1 ft x 1 ft Pour 
Back Holes

After analyzing several bridge design configurations, team decided on a 
steel bridge; designed girders, precast concrete panel decking and pour 
back holes for connection

First rails 
are installed

Gantry crane moves on rails and 
removes members to a flat bed truck 
and moves material for construction

Preferred
Option

Existing
Bridge

New
Bridge

Existing bridge being 
open to public and its 
proximity to Powerhouse 
pose security concerns to 
Company.

Restored bridge will be 
used by utility personnel; 
all other traffic will be 
rerouted through new 
bridge.

Restore bridge per option 1 and build a new bridge at a different location 

Existing Bridge

8 ft x 17 ft
Precast Concrete 

Panels(3) Steel Plate Girders 
90” Deep x 3/4” Thick Web

16” Wide x 1 1/4” Thick Flange

140 ft

New Bridge

Bridge deck 
being carried 
by Gantry 
crane

Team designed a bridge 
with precast concrete 
panel supported on 
steel plate girders.

Students

Faculty Advisor

(guidance & mentoring)

Company Workers

(utility operations, historical 
significance & computer 

aided drafting)

(paint handling, hazardous 
waste disposal procedures
& environmental concerns)

Company Liaison Engineer 

(technical guidance)

Advisory Board, ASCE & SEA

(communication skills)

Painting CompanyInfrastructure Contractor

(demolition & 
construction sequencing)

Introduction
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Abstract  

A local hydroelectric power utility 
company (Company) requested one 
of our capstone civil engineering 
design teams to provide restoration 
and replacement options for one of 
its bridges containing lead paint. 
The bridge is in a remote location 
within a national park. The 111-foot-
long, single-lane, two-span bridge 
has continuous steel grate decking 
supported by steel cross beams 
and girders. The lead paint on the 
structural members is flaking off 
into the powerhouse outflow that 
feeds into a nearby river, which is 
home to salmon, bald eagles, and 
other species. The Company was 
concerned about the adverse impacts 
the lead contamination could have 
on the environment. 

An initial site visit by the team 
revealed several project constraints: 
remote location makes the transport 
of construction materials and 
equipment difficult and expensive; 
overhead powerlines above the 
bridge deck require careful selection 
of construction equipment; access to 
the underside of the bridge for paint 
removal is only possible either via 
grated decking or from the underside 
of the bridge; and there are security 
concerns due to the bridge’s 
proximity to the power house. 

The team came up with three 
design options: (1) restoration 
of bridge through paint removal 

and repainting, (2) removing the 
bridge and selling it for scrap 
metal, assuming that the buyer is 
responsible for lead paint removal, 
and constructing a new bridge at the 
same location, and (3) restoring the 
bridge (option 1) and rerouting the 
traffic via a new bridge at a different 
location. The team took the above 
three options to 30 percent design. 
From the findings of the cost-
benefits analysis and in collaboration 
with the company, the team selected 
option 2 as the preferred alternative. 
This option was taken to 60 percent 
design, entailing the connection 
design, construction sequencing for 
the demolition and reconstruction 
of the new bridge, and engineering 
drawing development. 

A diverse group of four students 
worked under the supervision of 
a faculty member and a liaison 
engineer from the Company, both 
professional engineers (P.E.s). This 
project also provided an opportunity 
for the students to interact with 
P.E.s within the local professional 
societies and the department 
advisory board. Furthermore, the 
students interacted with a contractor 
and personnel from a painting 
company and scaffolding company 
to develop the protocol for removing 
the lead paint and the repainting of 
the structure. The team met with a 
Company historian to learn how to 
adhere to the rules of working within 

a national historical landmark. 
The students also worked with a 
computer-aided drafter within the 
Company to develop professional 
quality engineering drawings.

The students learned how to apply 
the technical knowledge gained in 
the classroom to a real-life project 
and to develop professional skills 
in the areas of oral and written 
communication, team work, 
and project management. The 
project made the students aware 
of the multifaceted nature of the 
engineering profession. The students 
had to interact with engineering and 
non-engineering personnel to come 
up with the final project deliverable, 
which involved structural design, 
construction management, and 
environmental considerations.  

The students were exposed 
to the fundamental canon of 
engineering, which is protecting 
the health, safety, and welfare of 
the public. The project involved 
protecting the environment from 
lead contamination, keeping 
all construction work below 
the overhead powerlines, and 
investigating an option that 
alleviates the security concerns of 
the Company.
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Perspectives On  

Benefit to public health, 
safety, and welfare 
The impetus for the project was the 
lead paint on the structure. Lead 
contamination can have an adverse 
impact on the health and safety of 
living beings. Students took special 
precautions to prevent contamination 
of the environment when planning 
the paint removal process.

The overhead powerlines above the 
bridge were a safety concern and 
had to be taken into account when 
planning the construction sequence. 
The team selected machinery meeting 
this constraint when planning the 
construction process for the bridge 
removal and replacement.

The Company has had security 
concerns due to the close proximity 
of the existing bridge to the utility 
operation because the bridge is 
currently open to the public. Taking 
this security concern into account, 
the team investigated the option of 
repurposing the existing bridge for 
Company operations and rerouting 
the traffic via a new bridge in a new 
location. Although this option was not 

selected as the preferred alternative, 
the team provided the legwork in the 
event the Company decides to revisit 
this option at a later date.

Knowledge and skills gained 
The knowledge students gained was 
broad. Students gained appreciation 
for diverse skills. The project 
enabled the students to develop the 
following: technical skills, oral and 
written communication skills, project 

management and leadership skills, 
and the ability to work in a team 
setting and to interact with clients. 

a) Technical skills
The students learned how to take a 
project from the brainstorming stage 
to final design. During this project, 
they acquired the skills to use the 
following tools:

Design Specifications: 2012 
AASHTO LRFD Bridge Design 

Specifications, American 
Concrete Institute (ACI) 
Building Code Requirement for 
Structural Concrete, 2014 Steel 
Design Manual, State Bridge 
Design Manual and Standard 
Specifications

Software: SAP2000 for the 
determination of internal force 
demands

Microsoft Excel to organize and 
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automate design calculations

Computer-aided drafting: 
AutoCAD 2015

Students have had limited exposure 
to the above design manuals and 
specifications, codes, and software 
in their classes. But they had the 
opportunity to work with them 
intensively on the project, with 
the help of the faculty advisor and 
the liaison engineer. Furthermore, 
students had the opportunity to 
interact with a contractor to learn 
about the paint removal process 
and construction sequencing for 
the demolition and installation of 
a new bridge.

b) Communication skills
The students submitted a written 
proposal to the Company at the 
end of fall quarter outlining their 
understanding of the project, scope 
of work, plan of implementation, 
and schedule. At the end of spring 
quarter, they submitted a final report 
describing the work done, engineering 
drawing, calculation, and other 
deliverables requested by the sponsor. 

Throughout the year, the students 
presented their project progress 
to their peers and the department 
faculty members with audio-
visual aids. In addition, students 
presented their proposed work 
to the Company at the end of 
fall quarter, and then presented 
their final design at the end of 
spring quarter. The academic 

year concluded with a major 
event on campus where the team 
presented its work to the entire 
university community, sponsors 
of all the senior capstone projects, 
prospective sponsors, advisory 
board members, friends, family, and 
alumni through oral presentations 
and a poster session.

c) Project management and 
leadership skills
The student team met with the 
faculty advisor and the liaison each 
week. Each team member served as 
the project manager (PM) for part 
of the academic year. The PM was 
responsible for setting up the team 
meetings, developing the meeting 
agenda, conducting the meetings, 

assigning tasks, and following up 
on action items. The PM was also 
responsible for contacting the liaison 
and the faculty advisor in between 
team meetings, when needed. The 
team provided formative feedback 
through the course instructor to the 
project manager.
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T h e  C i t a d e l

Department of Civil and Environmental 
Engineering

Multidisciplinary Engineering Evaluation 
of a Homeless Site Under Popular Coastal 
Carolina Bridge 

D o r d t  C o l l e g e

Engineering Department

Liberia Farm Bridge

F l o r i d a  A t l a n t i c  U n i v e r s i t y

Department of Civil, Environmental,  
and Geomatics Engineering

Data Collection, Analysis, Assessment, and 
Mapping of Critical Infrastructure Assets 

G e o r g e  M a s o n  U n i v e r s i t y

Sid and Reva Dewberry Department of  
Civil, Environmental, and Infrastructure 
Engineering

Design and Construction of a Reliable 
Drinking Water System for an Orphanage 
in Central America 

M a r q u e t t e  U n i v e r s i t y

Department of Civil, Construction,  
and Environmental Engineering

El Bosque Pedestrian Bridge

Participants M i c h i g a n  S t a t e  U n i v e r s i t y

College of Engineering

Rainwater Collection and Filtration System 

N o r t h  C a r o l i n a  S t a t e 
U n i v e r s i t y

UNC/NCSU Joint Department of  
Biomedical Engineering 

Belltower Medical—Urinary Catheter 
Solutions 

P u r d u e  U n i v e r s i t y

Department of Agricultural and Biological 
Engineering 

Hopkins Family Park Five-Year Plan 
Recommendations

P u r d u e  U n i v e r s i t y

College of Engineering 

Lumbisi Education Center Design Team

S e a t t l e  U n i v e r s i t y

Department of Civil and  
Environmental Engineering 

Design of a Care Facility for Young 
Mothers in Uganda 

S e a t t l e  U n i v e r s i t y 

Department of Civil and  
Environmental Engineering

Restoration and Replacement Options  
for Utility Company Bridge

U n i v e r s i t y  o f  A l a s k a 
A n c h o r a g e 

College of Engineering

Mountain Mapping Project for Utility  
Company Bridge

U n i v e r s i t y  o f  A r k a n s a s  a t 
L i t t l e  R o c k 

Department of Construction Management  
and Civil and Construction Engineering

University Tornado Safe Room

U n i v e r s i t y  o f  N e b r a s k a –
L i n c o l n

Charles W. Durham School of Architectural 
Engineering and Construction 

Texas Tech Sports Performance Center

U n i v e r s i t y  o f  U t a h

Department of Civil and  
Environmental Engineering 

An Integrated and Sustainable  
Transit System

U n i v e r s i t y  o f  U t a h

Department of Civil and  
Environmental Engineering  

Sustainable Storm Water Basins



Previous Winners

Grand Prize  

U n i v e r s i t y  o f  N e b r a s k a – L i n c o l n

Charles W. Durham School of Architectural Engineering 
and Construction

888 Boylston Street–Interdisciplinary Team Design 

Additional Awards 

G e o r g e  M a s o n  U n i v e r s i t y

Sid and Reva Dewberry Department of Civil, 
Environmental, and Infrastructure Engineering

New Drinking Water and Sewer System for an Elementary 
School for Orphans—Bilwi, Nicaragua  

G e o r g e  M a s o n  U n i v e r s i t y

Sid and Reva Dewberry Department of Civil, 
Environmental, and Infrastructure Engineering

Water and Sanitation Project Children’s Feeding Center 
Puerto Cabezas, Nicaragua  

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Design Development of a Cultural Village for Migrant 
Workers 

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Design of Habitat-Sensitive Erosion Hazard Mitigation  
Near a Bridge 

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Solar Microgrid in Rural Zambia with Real-Time  
Cloud-Based Monitoring 
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          Grand Prize  

M a r q u e t t e  U n i v e r s i t y

Department of Civil, Construction, and  
Environmental Engineering

Sechum Vehicle Bridge 

Additional Awards 

T h e  C i t a d e l

Department of Civil and Environmental Engineering

Multidisciplinary Evaluation and Rehabilitation Design  
of Sacred Heart Catholic Church  

G e o r g e  M a s o n  U n i v e r s i t y

Sid and Reva Dewberry Department of Civil, 
Environmental, and Infrastructure Engineering

Water Supply, Distribution, and Storage at Sabana  
Grande, Nicaragua   

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Seismic Analysis and Retrofit Design of a Historic 
Substation Control Building 

U n i v e r s i t y  o f  A r k a n s a s  a t  L i t t l e  R o c k

Department of Construction Management and Civil  
and Construction Engineering

American Red Cross of Greater Arkansas Seismic Retrofit 
Feasibility Study 

U n i v e r s i t y  o f  N e b r a s k a – L i n c o l n

Charles W. Durham School of Architectural Engineering 
and Construction

Multidisciplinary Vertical Farm Design

          Grand Prize  

S e a t t l e  U n i v e r s i t y

Department of Electrical and Computer Engineering

Microgrid System for a Wind and Solar Farm Located  
in Rural Kenya 

Additional Awards 

T h e  C i t a d e l

Department of Civil and Environmental Engineering

Wave Dissipation System  

N o r t h  C a r o l i n a  S t a t e  U n i v e r s i t y

UNC/NCSU Joint Department of Biomedical  
Engineering

Creating a Better Way to Locate Vasculature for 
Intravenous Therapy  

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Historic Landmark Incline Lift Structural Evaluation  
and Retrofit 

U n i v e r s i t y  o f  E v a n s v i l l e

College of Engineering and Computer Science

Fairfield Reservoir and Dam 

U n i v e r s i t y  o f  N o t r e  D a m e

Department of Civil and Environmental Engineering  
and Earth Sciences

Innovative Housing Solutions for Post-Quake Haiti

          Grand Prize  

C l e v e l a n d  S t a t e  U n i v e r s i t y

Civil and Environmental Engineering Department

Design, Funding, and Construction of the August Pine 
Ridge School/Hurricane Shelter in Belize 

Additional Awards 

N o r t h e r n  A r i z o n a  U n i v e r s i t y

Department of Civil Engineering, Construction 
Management, and Environmental Engineering

Paper Pulp Sludge Characteristics and Applications  

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Design Options for a Creek Crossing for a Utility  
Company  

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Structural Evaluation and Retrofit of a Warehouse 

U n i v e r s i t y  o f  N e v a d a ,  R e n o

Department of Civil and Environmental Engineering

Capstone Design Project—SouthEast Connector 

U n i v e r s i t y  o f  Te x a s  a t  E l  P a s o

Department of Civil Engineering

Multidisciplinary Design of a Sustainable,  
Environmentally Friendly, and Affordable House



Previous Winners

Grand Prize  

F l o r i d a  A t l a n t i c  U n i v e r s i t y

Department of Civil, Environmental, and Geomatics 
Engineering

Dania Beach Nanofiltration Plant Expansion 

Additional Awards 

O k l a h o m a  S t a t e  U n i v e r s i t y

School of Civil and Environmental Engineering

Roadway and Water Feature Design at the  
Botanic Garden  

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Design of an Orphanage, Learning and Community  
Center in Ethiopia  

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Historic Dam Guard Rail and Vehicle Barrier Retrofit  
for Public Safety 

U n i v e r s i t y  o f  Te x a s  a t  E l  P a s o

Department of Civil Engineering

Multidisciplinary SMART Design of Fire Station 513 

V a l p a r a i s o  U n i v e r s i t y

College of Engineering

Maji for Masaera—Rehabilitation of a Man-Made 
Irrigation Canal 



41

          Grand Prize  

U n i v e r s i t y  o f  N e w  M e x i c o

Department of Civil Engineering

Integrated Infrastructure Improvements for a Youth  
Scout Ranch 

Additional Awards 

C a l i f o r n i a  S t a t e  U n i v e r s i t y ,  L o s  A n g e l e s

Department of Civil Engineering

Connecting Professional Practice and Education through  
a Civil Engineering Capstone Project: Mud Flow Barrier  

L a w r e n c e  Te c h n o l o g i c a l  U n i v e r s i t y

Department of Civil Engineering

Civil Engineering Capstone Project Recovery Park   

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Flood Control Channel Design for a River in  
Northwest Haiti 

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Structural Design of Dam Sluice Gate Walkway Slabs: 
Retrofit and Replacement Options 

U n i v e r s i t y  o f  Te x a s  a t  E l  P a s o

Department of Civil Engineering

Development of a Sustainable Infrastructure  
Management System for a City

          Grand Prize  

U n i v e r s i t y  o f  D e l a w a r e

Department of Civil and Environmental Engineering

Pomeroy Trail East Annex 

Additional Awards 

C a l i f o r n i a  P o l y t e c h n i c  S t a t e  U n i v e r s i t y , 
S a n  L u i s  O b i s p o

Civil and Environmental Engineering Department

Bridging the Gap between Theory and Practice through 
Capstone Design  

C a l i f o r n i a  S t a t e  U n i v e r s i t y ,  L o s  A n g e l e s

Department of Civil Engineering

Connecting Practice with Education through Civil 
Engineering Capstone Experience: Puddingstone  
Reservoir Operations Level Study  

C l e m s o n  U n i v e r s i t y

Holcombe Department of Electrical and Computer 
Engineering

Engineering Haptic Virtual Manipulatives to Enhance 
K–12 Math and Science Education 

U n i v e r s i t y  o f  M a r y l a n d

Department of Civil and Environmental Engineering

Engineers Without Borders: Solar Recharge Project in 
Burkina Faso, Africa 

U n i v e r s i t y  o f  N e w  M e x i c o

Department of Civil Engineering

Integration of Civil Engineering and Construction 
Management Education: A Multidisciplinary,  
Mentor-led Capstone Experience

          Grand Prize  

F l o r i d a  A & M  U n i v e r s i t y – 
F l o r i d a  S t a t e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Senior Design Capstone Course: Collection of Projects with 
Featured Everglades Restoration Project 

Additional Awards 

S e a t t l e  U n i v e r s i t y

Department of Civil and Environmental Engineering

Structural Design Package for the Replacement of a County Bridge  

U n i v e r s i t y  o f  A r i z o n a

Department of Civil Engineering and Engineering Mechanics

Practitioner-Led Engineering Experiences  

U n i v e r s i t y  o f  M i s s o u r i – K a n s a s  C i t y

Department of Civil and Mechanical Engineering

Redcone Civil Design Group: A Practitioner-Centric  
Capstone Experience 

U n i v e r s i t y  o f  Te n n e s s e e  a t  C h a t t a n o o g a

Department of Civil Engineering

Intermodal Transit Center 

V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e  a n d  
S t a t e  U n i v e r s i t y 

Charles E. Via Jr. Department of Civil and  
Environmental Engineering

Land Development Design Initiative

Honorable mention 

U n i v e r s i t y  o f  I o w a

Department of Civil and Environmental Engineering

Pilot Program for Expanding Connections between  
Professional Practice and Education
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