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Cornelius Vanderbilt had a 
vision of a place that would 
“contribute to strengthening 
the ties that should exist 
between all sections of our 
common country” when he 
gave a million dollars to create 
a university in 1873. Today, 
that vision has been realized in 
Vanderbilt, an internationally 
recognized research university 
in Nashville, Tennessee, with 
strong partnerships among 
its 10 schools, neighboring 
institutions and the community.

Vanderbilt offers undergraduate 
programs in the liberal arts 
and sciences, engineering, 
music, education and human 
development, as well as a 
full range of graduate and 
professional degrees. The 
combination of cutting-edge 
research, liberal arts education, 
nationally recognized schools 
of law, business and divinity, 
the nation’s top ranked 
graduate school of education 
and a distinguished medical 
center creates an invigorating 
atmosphere where students 
tailor their education to meet 
their goals and researchers 
collaborate to address the 
complex questions affecting our 
health, culture and society.

An independent, privately 
supported university, Vanderbilt 
is the largest private employer 
in Middle Tennessee and the 
second largest private employer 
based in the state.

Vanderbilt

Vanderbilt’s hometown of Nashville 
is a vibrant, engaging city known 
proudly as “Music City, U.S.A.” and 
one of the fastest growing areas in 
the Upland South. The university’s 
students, faculty, staff and visitors 
frequently cite Nashville as one of 
the perks of Vanderbilt, with its 330-
acre campus located a little more 
than a mile from downtown.

Nashville’s downtown area 
features a diverse assortment of 
entertainment, dining, cultural 
and architectural attractions. The 
Broadway and 2nd Avenue areas 
feature entertainment venues and 
an assortment of restaurants. North 
of Broadway lie Nashville’s central 
business district, Legislative Plaza, 
Capitol Hill and the Tennessee 
Bicentennial Mall. Cultural and 
architectural attractions are found 
throughout the city. 

Named America’s friendliest city 
three years in a row, Nashville is 
a metropolitan place that exudes 
all the charm and hospitality one 
expects from a Southern capital. 
Fortune magazine named Nashville 
one of the 15 best U.S. cities for 

work and family. It has ranked as 
the No. 1 most popular U.S. city for 
corporate relocations by Expansion 
Management magazine, and named 
by Forbes magazine as one of the 
25 cities most likely to have the 
country’s highest job growth over 
the coming five years. GQ posted an 
article dubbing the city “Nowville.”  
The New York Times has declared 
Nashville a new “it” city. We’re  
No. 3 in Travel + Leisure’s America’s 
Best Cities.

The city proper is 526 square  
miles with a population of nearly 
659,000. The 13-county metropolitan 
area population is more than  
1.7 million, making it the largest 
metro statistical area in Tennessee. 
Major industries include tourism, 
printing and publishing, technology 
manufacturing, music production, 
higher education, finance, insurance, 
automobile production and health 
care management. 

Nashville is comfortable and 
affordable, beautiful and friendly. 
When we say, “Welcome to 
Nashville,” we mean it.

Nashville

Cover: Kirkland Hall, with its iconic tower, is the main Vanderbilt University administration building. 
Above: The Cumberland River, flanked by Cumberland Park in East Nashville and the ever-changing downtown skyline, winds through much of the city. 
Right: Vanderbilt’s tree-filled campus is a short drive from a dynamic urban center. Photos: John Russell/Vanderbilt



Vanderbilt University 
School of Engineering 

Vanderbilt University School of 
Engineering is internationally 
recognized as a leader in engineering 
research and education. Its faculty 
expertise and graduate programs are 
aimed at solving complex societal 
problems through collaborations 
among the disciplines and across 
campus. That culture of collaboration 
provides endless opportunities 
for students and faculty from all 
disciplines to work in any of our nine 
core competencies.

We call these areas intellectual 
neighborhoods – risk, reliability and 
resilience; cyber-physical systems; 
energy and natural resources; 
nanoscale science and engineering; 
big data science and engineering; 
regenerative medicine; rehabilitation 
engineering; biomedical imaging  
and biophotonics; and surgery  
and engineering.

CIVIL AND ENVIRONMENTAL ENGINEERING AT VANDERBILT UNIVERSITY 2019-2020

Civil and Environmental Engineering at Vanderbilt School of Engineering provides a distinct, world-
class experience. We combine state-of-the-art facilities with the intimacy and faculty contact of 
a small private university. In the last five years the department has hired multiple young faculty 
members – experts in hydrology, membrane fabrication, transportation, computational science and 
resilience engineering – and their reasons for choosing Vanderbilt are remarkably similar. The CEE 
department, they say, is unusually innovative, extremely collaborative and highly supportive. “They 
say, ‘Your success is our success,’” one new professor recalled. “And they mean it.” We do mean it, 
whether you are a new professor, an undergraduate or a graduate student. We invite you to push 
traditional boundaries, work across department, school and institutional lines, and grapple with 
grand challenges that will shape our future.
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PROGRAMS OF STUDY
UNDERGRADUATE

The Vanderbilt School of 
Engineering offers a Bachelor of 
Engineering in Civil Engineering. 
Environmental Engineering  
is considered a sub-discipline 
within the Civil Engineering 
degree program. 

Big challenges await civil and 
environmental engineers: smart 
and sustainable communities, 
autonomous vehicles, water 
resources development and 
security, environmental 
restoration among them. Civil 
engineers account for the most 
jobs of any engineering field,  
and hiring outpaces job postings  
in this field.

Advanced materials, 
environmental engineering, 
sustainability and data science 
are themes that cut across our 
civil engineering curriculum.  
The rich curriculum ensures a 
breadth of coverage that equips 
students with the tools necessary 
to be successful in virtually any 
area of civil engineering practice 
or graduate study. Areas include 
structural mechanics and design, 
transportation, geotechnical, 
environmental and water 
resources experiences.

The undergraduate program 
also allows room for custom-
tailoring. For example, a student 
interested in sustainability 
could take Sustainable Design 
in Civil Engineering as a 
sophomore and Energy Systems 
Engineering during senior year. 
Students interested in intelligent 
transportation and the ability of 
communities to bounce back from 
a hurricane or other disasters 
could take Risk, Reliability, and 
Resilience Engineering as juniors 
and Infrastructure Systems 
Engineering the next year.

Immersion experiences – 
including research projects, 
internships and study abroad 
opportunities – take students  
out of the classroom as they  
work together with their faculty 
advisers to answer important 
questions with immediate and 
long-term impact.

Many civil engineering students 
also gain additional depth and 
breadth of knowledge through 
the election of a minor. The 
more popular minors include 
Engineering Management, 
Mathematics, Economics, Energy 
and Environmental Systems 
and Computer Science. A minor 
in Environmental Engineering 
is also available to all non-civil 
engineering students.

Vanderbilt’s B.E. in civil engineering prepares graduates to begin exhilarating 
careers in one of the many specialty areas of civil engineering, including 
environmental and infrastructure sustainability, structural engineering and 
general civil engineering or to pursue a successful career in areas such as 
business, law or construction management. 

Yes, Vanderbilt 
engineering students 
do study abroad
You can choose from more than 25 
programs in engineering in locations 
ranging from Dublin to Sydney to 
Hong Kong. Engineering study abroad 
opportunities include exchange 
programs with Budapest University 
of Technology, City University of 
Hong Kong, Hong Kong University 
of Science and Technology, National 
University of Singapore, Politecnico  
di Torino and more! 

Financial aid applies to study abroad 
during the academic year and 
scholarships are available to support 
summer study abroad. Students 
should discuss with their academic 
advisers how best to incorporate 
study abroad into their four-year plans 
of study. Check out Vanderbilt’s Global 
Education Office (vanderbilt.edu/geo) 
for more information. 

Irfaan Khalid
Engineering, 2019
Studying abroad at Hong Kong University of 
Science and Technology
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CEE
PROGRAMS OF STUDY
GRADUATE

Graduate study here provides 
students a unique experience in 
a world-class setting with the 
intimacy and faculty contact of 
a small private university. State 
of the art facilities for combining 
computational and experimental 
investigations include the 
Environmental Engineering 
Labs, featuring advanced 
instrumentation for microscopy 
and analytical chemistry, and the 
Laboratory for Systems Integrity 
and Reliability, featuring realistic-
scale engineered systems from 
nuclear power plant cooling circuits 
to aircraft structural testing.

Areas of concentration for 
graduate students include: 

• Civil and Infrastructure Systems 
Engineering

• Materials and Structural 
Engineering

• Environmental Materials & 
Materials Durability

• Nuclear Environmental 
Engineering

• Resilience & Sustainability
• Water Resources, Quality, & 

Treatment

Our students collaborate closely 
with researchers in other 
departments and institutes at 
Vanderbilt University, including 
the Multiscale Modeling and 
Simulation research facility, 
the Institute for Software 
Integrated Systems, the Data 
Science Institute, the Institute for 
Nanoscale Science and Engineering 
and the Vanderbilt Institute for 
Energy and Environment. We have 
ongoing international projects 
in Bangladesh, Sri Lanka, India, 
The Netherlands and Hong Kong, 
among others. 

Examples of recent Ph.D. work 
include study of groundwater-
surface water interactions in 
Bangladesh, a project that led 
to an illustrated children’s 
book in both English and the 
Bangla language; computational 
investigation of interface 
mechanics of calcium-based 
nanocomposites; uncertainty 
quantification methods across a 
range of applications, which led 
to internships with Los Alamos 
and Sandia National Labs; and 
developing gold nanoparticles 
to identify defects in 3D 
manufactured components.

The Department of Civil and 
Environmental Engineering  
also offers professional master  
of engineering programs. The 
M.Eng. in Civil Engineering 
involves advanced training 
in Construction Management 
and emphasizes three primary 
areas: healthcare construction, 
commercial construction and 
project delivery systems.

The M.Eng. in Risk, Reliability 
and Resilience Engineering is 
a multidisciplinary program in 
which students focus on one 
of several sectors, including 
infrastructure, defense systems, 
energy and environment, 
transportation and medicine.

The professional degree programs 
are administered by the School of 
Engineering. The M.S. and Ph.D. 
programs are administered by the 
Vanderbilt University Graduate 
School. Please see the inside back 
cover for admissions and financial 
aid information, including points 
of contact for each program.

Civil and environmental engineering graduate students collaborate with our 
faculty to make a positive impact on society in work that spans the country 
and the globe. Investigating nuclear power plants in the U.S., reliability 
of aircraft above us, and water security all around us, they develop the 
methods and technologies to ensure a safe, cost-effective, reliable and 
resilient world, both built and natural.
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CURRICULUM + IMMERSION

Preparing civil engineers 
for a complex world and 
an exciting future

The civil engineering module, taken 
as part of Introduction to Engineering 
in the first year, sets the tone for our 
hands-on curriculum. New students 
use 3D printers and other techniques 
to imagine and build new kinds of 
rotor blades that capture as much 
energy from the wind as possible, 
testing them in a large-scale lab. In 
a separate intro module, first-year 
students design and build small  
hydro-powered dams, using 
environmentally friendly concrete.

“The engineering curriculum 
continues with these kinds of 
experiences all four years,” said Doug 
Adams, Daniel F. Flowers Professor 
and Chair of the Department of Civil 
and Environmental Engineering. “Our 
curriculum is designed to motivate 
and inspire students from the outset.”

Sustainability is a major theme, 
and we recently expanded our 
undergraduate program to include 
new courses: Sustainable Design in 
Civil Engineering (sophomore year), 
Risk, Reliability, and Resilience 
Engineering (junior year), and 
Infrastructure Systems Engineering 
and Energy Systems Engineering  
(both in senior year).

Sustainable Design in Civil 
Engineering is a required course for 
sophomores. In it, student teams 
have used design-thinking projects 
to reduce construction waste in 
partnership with Nashville builders 
and to make the Vanderbilt campus 
itself more sustainable. 

“We wanted to give students a vision 
for the impact they can have on their 
environment early in their college 
career,” said Lori Troxel, professor of 

“Our engineers learn not only the basics of engineering 
design but also the social and economic skills to cross 
disciplinary boundaries and solve major global problems.” 

the practice of civil and environmental 
engineering, who teaches the course.

Classic civil engineering courses have 
also been modernized. Fluid Dynamics 
is one example. Students take the 
course as juniors but at Vanderbilt, 
in addition to lectures and labs, 
they work in teams of four to design 
water slides for a theme park. The 
project culminates with the creation 
of 3D printed models of the water 
slides and a competition judged by 
representatives from the Nashville 
Shores Waterpark.

CEE undergraduates select from 
three areas of specialization within 
civil engineering: Environmental 
and Infrastructure Sustainability, 
Structural Engineering and 
General Civil Engineering featuring 
autonomous cars and transportation. 

As seniors, students work in teams on 
design projects during their final two 
semesters as undergraduates.

Real-world experiences are 
incorporated in classrooms, labs,  
field tests, research projects, 
internships and study abroad 
opportunities as students learn the 
principles that underlie engineering 
problem solving. 

“Our students study engineering here 
and they also learn the socioeconomic 
and human dimensions that can 
make engineering solutions work for 
society,” Adams said.  “I think this is a 
distinguishing feature of Vanderbilt’s 
engineering program. Our graduates 
become leaders who not only analyze 
but can help to realize these kinds 
of societal solutions working across 
disciplinary boundaries.”

Doug Adams
Daniel F. Flowers Professor and Chair of the Department of Civil and Environmental Engineering
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An immersion experience is a new 
Vanderbilt University graduation 
requirement, and civil engineering 
students have many immersion 
opportunities.  

Design as an Immersive Vanderbilt 
Experience (DIVE) is one of them.  
DIVE projects teach human- 
centered design thinking while 
working on complex, real-world 
problems. Students develop 
critical thinking skills and work in 
multidisciplinary teams. 

Engineering students have long 
participated in collaborative classwork 
and Senior Design projects that offer 
the chance to make a big impact on 
society. Designing boat kiosks with 
power generation for the Cumberland 
River, infill housing above a proposed 

Nashville transit hub, water quality 
improvements in two Guatemala 
villages and a modular water  
system for a living building are a  
few examples.

Opportunities abound. Our professors 
have ongoing global projects in 
Bangladesh, Israel, China, Hong 
Kong, The Netherlands, the U.K. 
and Colombia. Students also can 
get involved in mentored research 
projects, industry internships, and 
Study Abroad placements, which all 
take engineering undergraduates 
out of the classroom and into 
experiences that build professional 
and interpersonal skills.

Many undergraduates take advantage 
of paid, 10-week summer research 
projects. They’ve captured and parsed 

data for traffic studies and developed 
nano-scale materials for nuclear 
power plants that change color to 
signal a warning.  They’ve quantified 
flood-related traffic vulnerabilities 
and evaluated flood resilience in 
rural Tennessee counties. Projects 
have investigated nano-modified 
concrete for nuclear waste storage 
and how cars equipped with adaptive 
cruise control affect traffic flow.

As part of Nashville’s partnership 
with Vanderbilt in smart cities 
research, students work with faculty 
who study intelligent transportation 
systems and how to address the 
city’s challenges in flood protection, 
congestion, emergency management 
services and other areas.

Another living laboratory for our 
students and professors is Sterling 
Ranch, a new community southwest 
of Denver focused on sustainability, 
including smart management 
systems for water and energy. 

As part of the School of Engineering’s 
partnership with Sterling Ranch, 
one Senior Design team developed a 
solar powered device prototype that 
removes salt from groundwater to 
alleviate drought and provide purified 
water. This group won an EPA P3 
award. A separate team was selected 
as a finalist in the U.S. Department  
of Energy’s Race to Zero competition 
for designing a single family home 
that produces more energy than  
it consumes. 

“A place for research that’s of this 
magnitude and this cutting edge is 
completely in line with Vanderbilt’s 
ideals of immersion learning and 
vertical integration,” said Cornelius 
Vanderbilt Professor of Engineering 
David Kosson.

Outside the classroom, undergraduates dive deep 
into design and research
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Civil Infrastructure & Systems Engineering

NASHVILLE SERVES AS IDEAL 
TEST BED FOR TRANSPORTATION, 
INFRASTRUCTURE ENGINEERS

ot all roads 
lead through 
Nashville, but three 
interstates do, 
plus major freight 
rail lines and river 
shipping lanes. The 
region’s population 

is growing rapidly. Ride share and 
scooter services are booming.
 So is transportation and 
infrastructure research. 
 As sensing technologies, 
modeling, cyber-physical systems, 
data analytics and computational 
power advance, Vanderbilt 
transportation engineers have in 
Greater Nashville a dream test bed.
 “The convergence of technology 
and transportation provides 
new opportunities to design 
transportation services that are 
smart, sustainable, resilient, and 
efficient,” said Dan Work, associate 
professor of civil and environmental 
engineering. “We are extremely well 
positioned to help graduate students 
develop real solutions to our 
toughest transportation problems.”
 Research includes collaborations 
with Nashville, Memphis, Chattanooga 
and the state Department of 
Transportation. USDOT, DOE, NSF as 
well as private industry are funding 
significant efforts.
 The Department of Civil and 
Environmental Engineering also 
hosts the Vanderbilt Center for 
Transportation and Operational 
Resiliency, which emphasizes 
integration of transportation 
engineering, planning and 
management. A VECTOR team led 
by Mark Abkowitz, professor of civil 
and environmental engineering, and 
Craig Philip, VECTOR director, helped 
secure a $4.5 million, three-year 
federal grant to encourage greater 
use of sustainable travel options 
among the Vanderbilt community.

 With the university’s match, 
the $9 million total will fund shuttle 
operations, shuttle shelters, bike 
share shelters and other efforts. 
The first phase—installing sensors 
across the campus—is underway and 
will make Vanderbilt “a preeminent 
university testbed for managing 
mobility and improving air quality,” 
Work said.
 The grant is through the federal  
Congestion Mitigation and Air  
Quality Improvement program.  
The university and Vanderbilt 
University Medical Center’s joint 
status as Middle Tennessee’s largest 
employer presented a significant 
opportunity to expand a leadership 
role in addressing congestion and  
air quality, according to Abkowitz 
and Philip.
 Since it began in 1988, VECTOR 
has developed ground-breaking 
applications of information 
technology, risk management and 
systems thinking. Current research 
focuses on advanced information 
systems, intermodal freight, incident 
damage and emergency operations, 
smart cities and climate change, 
among other areas.
 For example, Work, also an 
associate professor of computer 
science, and his group are:
• Exploring the interplay between 

autonomous vehicles and phantom 
traffic jams as well as whether 
current vehicle automation 
systems will improve traffic or 
make it worse 

• Understanding extreme traffic 
events using data analytics on 
massive mobility datasets

• Building mathematical models 
and systems theory tools to 
understand complex, multi-modal 
urban traffic

• Developing data-driven methods 
to improve network wide railroad 
operations 

 Transportation research 
projects cross departmental lines, 
and Vanderbilt CEE graduate 
students also work with experts 
in the Vanderbilt Institute for 
Software Integrated Systems, a 
global force in developing cyber-
physical systems and building an 
international CPS community. For 
example, Senior Research Scientist 
Abhishek Dubey, also an assistant 
professor of computer science, leads 
a new collaboration to leverage data 
sensors, data collection and machine 
learning to optimize schedules of 
Chattanooga metro bus routes and 
reduce energy consumption at a 
system-wide level.

N
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 Vanderbilt risk and reliability engineers are heavily involved in an 
ambitious NASA effort to develop the next generation air safety  
system, a project that gives top academic centers and industry 
collaborators a larger role in shaping best practices and translating them 
into commercial use.
 The $10 million, five-year project involves integrating complex data 
sources that will be the future of air traffic management systems, dubbed 
NextGen NAS.
 “The project combines expertise in multiple disciplines—aeronautics, 
computer science, probability and statistics, human factors, data 
science, and systems engineering,” said John R. Murray Sr. Professor of 
Engineering Sankaran Mahadevan, professor of civil and environmental 
engineering and leader of the Vanderbilt team.
 It also allows Mahadevan, a recognized pioneer in uncertainty and 
risk engineering, to work with several people who trained under him at 
Vanderbilt. Yongming Liu, Arizona State University professor of mechanical 
and aerospace engineering and the lead project investigator. He is a former 
Ph.D. student of Mahadevan, as are two researchers—Barron Bichon, Ph.D. 
2011, and Erin DeCarlo, Ph.D. 2017—from Southwest Research Institute and 
Optimal Synthesis Inc., another collaborating partner.
 The objective is to develop analysis methods to improve aviation 
safety and support real-time decision-making so unsafe events can be 
caught early and prevented from evolving into major incidents.
 One piece of the puzzle had the Vanderbilt team manually combing 
through about 2,000 accident reports involving passenger aircraft 
from 1982 through 2017 to classify the states, or flight phases, in which 
accidents happen and then classify the actual causes, Mahadevan said. 
That followed construction of diagrams of precise event sequences— 
human errors, equipment failures and weather effects—as they unfold 
under actual circumstances. 
  “Air travel demand is expected to double in the next two decades, 
leading to increased congestion and possibilities for unsafe events. Many 
fields of human activity are being rapidly transformed by the explosion 
of modern sensing, computing, machine learning and data science 
techniques, and this project aims to harness these techniques to improve 
air travel safety,” Mahadevan said.

RISK MODELING, DATA 
INTEGRATION DRIVE NASA  
AIR TRAVEL SAFETY PROJECT

 Additionally, the Vanderbilt 
Institute for Smart Cities Operation 
and Research works with Metro 
Nashville agencies to develop a 
technical and policy platform in 
which to study, research and develop 
solutions to challenges—mobility 
among them—faced by the city and 
urban centers around the world.  
 “This is a distinct time for 
transportation research,” Work said. 
“Years from now, we will look back 
at the transportation technologies 
being developed today and say, 
‘Everything changed.’ The future was 
not certain and it gave us the chance 
to shape it.”
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RE-ENGINEERING CONCRETE 
WITH SEAWATER AND 
POLYMER COMPOSITES 

hen Florence 
Sanchez refers 
to concrete as 
a pedestrian 
material, she 
doesn’t mean 

we walk on it, though we do. 
 Sanchez uses “pedestrian” 
because this infrastructure 
workhorse is everywhere – sidewalks, 
roads, housing, office towers, bridges,  
ports, levees, shopping centers, 
parking garages, curbs, suburban 
driveways. Concrete is easy to take 
for granted and most people do.
 Sanchez, associate professor of 
civil and environmental engineering, 
is not most people. That’s why she 
has a key role in a major international 
project to revolutionize production 
of concrete using seawater, sea 
sand and fiber-reinforced polymer 
composites.

 She is a co-principal investigator 
on a $6.7 million grant from the 
Hong Kong Research Grants Council 
to a multi-university team of experts 
in materials science, chemistry, civil 
engineering, material deterioration, 
complex modeling and other 
specialties. Researchers from 
eight countries are involved in the 
ambitious effort, funded by Hong 
Kong’s equivalent of the National 
Science Foundation. The five-year 
project also creates opportunities 
for graduate student and faculty 
exchanges.
 The impact could be huge— 
concrete is the second most-used 
substance in the world, behind 
water. Concrete production is 
resource-heavy in raw materials 
and costs to transport them, and 
development across the globe 
has created pressure to find more 
sustainable production options.

 With accelerated lab tests in 
controlled environments and field 
exposure tests over a limited period, 
researchers will develop a life-
cycle design methodology based 
on multi-scale physics modeling of 
material and structure degradation. 
 “This project combines 
structural engineering with materials 
science and applied research and 
fundamental science,” said Sanchez, 
an expert in molecular dynamics 
simulation of composite materials,
 As deputy leader for one 
of five primary project research 
areas she will investigate how the 
materials react with each other and 
their target environments at the 
molecular level.
 “Concrete is probably one of 
the most complex materials and 
one of the best to study,” Sanchez 
said. “We are surrounded by it but 
we don’t see it, but without this we 
wouldn’t have infrastructure.”

Environmental Materials & Durability

W

Associate Professor 
Florence Sanchez 
and Michael Kosson, 
a graduate student in 
chemical and biomolecular 
engineering, examine a 
small concrete structure 
as it is printed. The 
Gantry-type 3D printer 
and a nanoindenter, which 
measures and tests minute 
volumes of a material’s 
mechanical properties, 
were purchased as part of 
the “Materials Durability 
and Environmental 
Research Facilities Hub,” 
a university-wide effort 
Sanchez directs.
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DOE-FUNDED CONSORTIUM PERFORMS HIGH-IMPACT 
RESEARCH IN NUCLEAR SAFETY AND CLEANUP

ADVANCING ENERGY, PROTECTING THE  
FUTURE. . . AND ADDRESSING THE PAST

 Graduate students in nuclear 
environmental engineering have 
extraordinary access to top people 
in the field—Vanderbilt hosts and 
manages a large consortium that 
advises the DOE on best methods 
to clean up nuclear production sites 
and safest ways of nuclear waste 
disposal.
 CRESP—The Consortium for 
Risk Evaluation with Stakeholder 
Participation—is under the leadership 
of Cornelius Vanderbilt Professor of 
Civil and Environmental Engineering 
David S. Kosson. Vanderbilt has been 
the lead organization of the multi-
university group since 2006.
 Students use advanced 
instruments to investigate the 
performance of contaminants, 
take part in collaborations with the 

nuclear divisions of U.S. National 
Laboratories and intelligence 
research centers, and work with 
top experts in nuclear technology, 
remediation, policy, risk analysis and 
other areas.
 “There are a lot of technical 
challenges and opportunities for 
research,” Kosson said. 
 Included are fundamental 
understanding of chemistry 
and thermodynamics, mass 
transportation of contaminants 
and systems analysis, materials 
degradation, natural resource 
impacts and behavior of natural 
systems. Projects have helped 
established the EPA standards  
for treatment of fly ash and  
better predict the long-term 
performance of cement and 

concrete materials for fuel storage 
and waste management.
 “Graduate students get to see 
how their work impacts real-world 
decisions,” Kosson said. “Our work 
is cross-disciplinary and we interact 
with decision-makers in the legal 
and regulatory context, ecologists, 
risk communication leaders, the very 
best people in their fields.”
 The smaller decisions involve 
hundreds of millions of dollars. The 
larger ones involve tens of billions, 
Kosson said.
 “This is a complex web of 
technical challenges and social-
political challenges,” he said. “Our 
mission is to provide unbiased factual 
information and research so decision-
makers are better informed.”

 Nuclear energy remains very much on the table as a 
way to meet escalating demands for electric power, and 
Vanderbilt’s expertise keeps environmental and safety 
considerations at the forefront.
 Much has changed in the nuclear power industry 
over the last decade, said Steven Krahn, professor 
of the practice of nuclear environmental engineering 
and a former deputy assistant secretary of energy for 
safety and security in DOE’s Office of Environmental 
Management.
 An “astounding number of startup companies” 
pursuing next-generation molten salt reactor designs are 
among the developments, Krahn said. 
 Also, Congress in September 2018 passed the 
Nuclear Energy Innovation Capabilities Act, tasking DOE 
to accept small experimental reactors at its sites for 
study. A related initiative provides federal money for next-
gen nuclear power and requires national labs to have an 
industry partner. 
 Vanderbilt already has ongoing projects with Oak 
Ridge National Laboratory, DOE and industry partners 
that involve next-generational technology, including 
gas-cooled fast reactors and molten salt reactors. Light-
water reactor technology has been the industry standard, 
however, neither the Nuclear Regulatory Commission nor 
DOE are well-equipped to regulate newer technologies.

 That creates great opportunities in a growing field 
with significant impact.
 The Vanderbilt NEE program encompasses 
assessment of new nuclear fuel cycles; risk assessment 
procedures for new reactor and process designs; 
laboratory methods for predicting the long-term 
environmental performance of systems for nuclear waste 
storage and disposal; and treatment optimization of 
waste from nuclear weapons production.
 One Ph.D. student, for example, is crafting early 
safety assessment techniques for advanced non-light 
water reactors. Another is developing a mechanistic and 
quantitative understanding of how cement-like materials 
age for low-activity nuclear waste disposal. A third is 
conducting accelerated aging tests on nuclear fuel 
dry storage casks that are enhanced with new nano-
materials, using ORNL’s High Flux Isotope Reactor.
 The dissertation of two recent graduates compared 
environment, health and safety characteristics of thorium-
uranium and uranium-plutonium fuel cycles. One of those 
former students is now an analyst at the National Nuclear 
Security Administration. Other Vanderbilt graduates work 
for the Nuclear Regulatory Commission and national labs.
 “Graduates of our program will be right there for the 
next generation of nuclear power technology,” Krahn said.

Nuclear Environmental Engineering
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APPLYING DATA MINING TO HYDROLOGY

TREATING INDUSTRIAL 
WASTEWATER DIFFERENTLY

 When it comes to rivers, floodplains, 
ponds and lakes, Jesus Gomez-Velez 
knows the waters are never still—even 
if they appear to be. They continuously 
change, processing and removing excess 
harmful nitrates, filtering contaminants 
though grains of varied sizes, and using 
thermal energy to reinvent themselves.
 “Rivers regulate themselves,” he 
said. “We just need to know how to take 
advantage of that without affecting  
the ecology.”
 Gomez-Velez is a hydrologist 
and assistant professor of civil and 
environmental engineering.  Broadly, 
his research area spans environmental 
flow and transport, groundwater-surface 
water interactions, watershed hydrology, 
analytical and numerical modeling, and 
data mining and assimilation.
 Most of his current work focuses on 
the interactions between surface water 
and groundwater at multiple spatial and 
temporal scales, from small ripples to 
continents.
 He coauthored a study published 
in Nature Communications with several 

scientists from the U.S. Geological 
Survey and other colleagues who 
examined the influence of more than 
18,000 ponded waters on nitrogen 
removal through river networks across 
New England and the Chesapeake Bay 
regions. The group found reservoirs with 
circular shapes and good connections 
do a better job of removing nitrogen 
and reducing it in waters downstream 
than a narrow reservoir or one placed 
on a low-order stream. Previous studies 
suggested the most significant factors 
were pond size and surface area but 
did not account for shape or network 
connectivity.
 The results, Gomez-Velez said, can 
inform better sites for dam locations and 
optimal reservoir design. He also was 
lead author on a study with USGS and 
University of Texas-Austin collaborators 
that examined the Mississippi River basin 
to quantify the river’s own potential 
to cleanse itself and identify best river 
management practices.
 “Rivers are not pipes,” Gomez-Velez 
said. “Rivers are the arteries.”

Assistant Professor Jesus Gomez-Velez

Water Resources, Quality & Treatment

 Hypersaline industrial wastewater is a significant global 
environmental concern but economical treatment solutions 
have been in short supply. 
 Shihong Lin, an assistant professor of civil and 
environmental engineering, is out to change that. He 
investigates innovative methods and materials to treat high-
salinity streams such as those from shale oil/gas extraction, 
or fracking. 
 “My interest is in promoting greater sustainability at the 
water-energy nexus,” he said.
 Reverse osmosis has been the gold standard for water 
desalination but doesn’t work for hypersaline conditions. 
Membrane distillation, a membrane-based thermal distillation 
process and one of Lin’s research thrusts, can use low-grade 
thermal energy, such as waste heat and geothermal energy, 
to desalinate hypersaline streams at low costs. But, it has 
limitations, too.
 Existing membranes are prone to fouling and/or wetting 
and cannot be used for treating most industrial brines. Lin, 
however, has developed a novel, dual-layered membrane 
with robust resistance to fouling and wetting. The top layer 
creates a hydrated interface that minimizes the adhesion of 
hydrophobic foulants; the bottom layer utilizes nanoscale 
structures to prevent pore wetting. The advancement is 
significant, and Vanderbilt has applied for a patent on  
the technology.

 Lin, who has a secondary 
appointment in the 
Department of Chemical and 
Biomolecular Engineering, 
also conducts fundamental 
process studies and develops 
new techniques to better 
monitor them. With chemical 
engineering colleagues, 
he developed a powerful 
impedance-based technique 
to probe the dynamics of 
wetting, the point of failure 
when the hypersaline feed 
solution directly permeates the 
membrane pore, bringing all 
the salts and contaminates to the distilled water.
 “Before, you couldn’t detect wetting until it was too late,” 
he said.  “This new technique detects imminent wetting and 
is very helpful for both fundamental research and developing 
operational strategies for wetting prevention.”
 More broadly, Lin and his group work on experimental  
and modeling approaches for water treatment and 
desalination, including reverse osmosis, nanofiltration  
and capacitive deionization.

Assistant Professor Shihong Lin
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GOLD NANOPARTICLES SHINE ON DEFECTS

ENGINEERING A SMARTER, 
MORE RESILIENT CIVIL 
INFRASTRUCTURE

Materials & Structural Engineering

 It is no secret the U.S. flood 
protection infrastructure is in poor 
shape. Nearly 50 percent of the 
nation’s population lives in areas 
protected by earthen or concrete 
levees, walls and dams, their 
vulnerability highlighted with each 
extreme weather event.
 So how can decision-makers, 
from the U.S. Army Corps of 
Engineers to state and community 
stakeholders, know when and which 
infrastructure needs maintenance?  
How can engineers best prioritize 
decisions and, for example, retrofit 
infrastructure in critical condition 
first to avoid failures and their 
devastating consequences?
 Vanderbilt civil and 
computational engineers have 
one answer—a fully integrated 
cyber-physical system strategy to 
both monitor the health of flood 
protection infrastructure and provide 
detailed information on which 
decision-makers can act.
 Çăglar Oskay, professor of Civil 
and Environmental Engineering, 
leads this ambitious, interdisciplinary 
effort. The Vanderbilt Initiative for 
Intelligent Resilient Infrastructure 
Systems includes faculty with 
expertise in computational 

mechanics, 
computer science, 
field and remote 
sensing, big data, 
decision-making 
and transportation 
systems networks. 
 A high-end UAV equipped with 
a LiDAR sensor has captured data 
down to an inch along a section of the 
Cumberland River in Nashville. The 
equipment maps the earthen levee 
and also detects unusual geometries, 
including wet spots and sand boils 
that indicate internal erosion. Internal 
erosion is an especially insidious cause 
of failure because it is difficult to see 
and has been hard to predict.
 Until now. Using physical 
modeling, system response at 
different scales and advanced 
simulations the team has developed 
proof-of-concept computational 
tools to predict the progression of 
internal erosion.
 “With this information, it will be 
possible to identify critical zones 
susceptible to localized damage that 
are more likely to fail in the event of a 
natural hazard,” Oskay said.
 Field campaigns are exploring 
how the combination of tools can be 
scaled. Potential human casualties, 

physical damage, community 
disruption and regional, national  
and international impacts are 
factored into disruptive scenario 
models as well.
 “We want to rely on simulations 
to tell us where the Army Corps 
should retrofit the most vulnerable 
areas with the limited resources they  
have,” Oskay said. “We hope this 
approach will help them make more 
informed decisions.”
 The far-reaching project, plus 
other CEE research in materials, 
resilience and hydrology, already 
has the attention of top federal 
infrastructure authorities. David 
Pittman, director of the U.S. Army 
Engineer Research and Development 
Center and chief scientist of the U.S. 
Army Corps of Engineers, led an 
18-person team on a two-day visit to 
the department in February 2019. 

A LiDAR-equipped drone captures data, including 
signs of internal erosion, down to an inch.

 An interdisciplinary team of Vanderbilt engineering 
researchers has developed a technique for using tiny gold 
particles to solve a big problem in advanced manufacturing.
 The embedded nanoparticles can highlight defects  
in 3D printed parts.
 “This is one of the first applications using gold for 
defect detection. We are able to inspect and detect 
defects that aren’t visible to the naked eye, using the 
optical properties of embedded gold nanoparticles,”  
said Cole Brubaker, Ph.D. ‘19.
 Brubaker was the lead author on the research paper, 
which was published in the American Chemical Society 
Applied Nano Materials Journal and funded by the U.S. 
Office of Naval Research.

 3D materials are printed in layers, and small defects 
can weaken a product’s structural integrity, causing 
failure. This new process mixes the gold nanoparticles, 
which show up as a deep red color, with a dissolved 
plastic polymer. Once dried and hardened, the gold-
infused material is extruded into polymer filaments for 
use in standard 3D printers.
 “You just scan light across the surface of the sample 
and see where the absorbance decreases inside, signaling 
a defect in that material,” Brubaker said. “A defect can  
be found with one single nondestructive measurement.  
It takes just a matter of seconds.”
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he leg bone is 
connected to the hip 
bone, as the children’s 
song explains, but a 
broken hip doesn’t 
usually cause a 
broken leg. And a 

broken leg doesn’t usually cause a 
broken hip.
 Not so with critical infrastructure 
systems—water, communications, 
power and transportation among 
them. Disruption to or failure of one 
system cascades into others. Major 
flooding renders streets impassable 
and takes out power stations. Those 
flooded streets slow down power 
recovery because crews cannot 
access what needs to be fixed. And 
power is needed to distribute water. 
These interdependencies greatly 
complicate recovering from and 
planning for natural hazards,  
extreme weather, climate change, 
cyber-security attacks and 
infrastructure failures.
 Hiba Baroud, assistant 
professor of civil and environmental 
engineering, has taken on the 
challenge. Much of her research 
is aimed at providing an efficient, 
risk-informed decision making 

process for the protection of civil 
infrastructures. She uses data 
analytics and statistical methods 
to measure and analyze the risk, 
reliability and resilience of systems.
 Resilience engineering in this 
sense is the ability of a system and 
community to anticipate, absorb and 
recover from a disaster. Sustainability 
engineering takes the longer view— 
50, 100 years or more—and works to 
present options and trade-offs. 
 “Where do we put our money 
and how do we design future 
infrastructure systems?” Baroud 
said as an example. “Do we retrofit 
the levee system, build a wall that 
can withstand a 500-year flood or 
rethink the whole system?”
 Ongoing research projects 
include predicting community 
resilience to power outages in the 
Memphis, Tenn., area; investigating 
the impact of environmental changes 
on inland waterway navigation, 
including freight and commuter 
traffic in Bangladesh as river 
channels fill in; combining machine 
learning and transit apps to optimize 
Nashville’s transit system operation; 
and understanding risk preferences 
at the community and policy levels.

 “The goal is to develop analytical 
models and apply them across 
systems to minimize losses and 
maximize recovery,” she said.
 In particular, Baroud develops 
and uses data-driven Bayesian 
methods to both predict disruptive 
events and model the recovery 
process. Bayesian analysis allows 
more flexibility to include historical 
behavior of systems and people as 
well as observational data when little 
hard data is available.
 The human factor is missing 
from many existing models, in 
part because human behavior, 
stakeholder decision making and 
engineered systems have been 
viewed as separate fields of study. 
Only recently are researchers in the 
technology fields and those in social 
sciences working together on big 
challenges such as infrastructure 
resilience and sustainability. 
 “Everything is changing. The 
program is broadening and we 
are producing graduates who are 
expected to understand people, 
infrastructure, data science, 
technology and modeling,” Baroud 
said. “This is an exciting time to be in 
civil and environmental engineering.”

Resilience and Sustainability

T

CONNECTING DATA AND 
PEOPLE TO IMPROVE DISASTER 
RECOVERY AND PLANNING

Hiba Baroud (left) 
discusses her 
community resilience 
research with 
Alexander Kott and 
Jaret Riddick of the 
Army Research Lab.
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ADDING COMMUNITY TO 
ENGINEERING RESEARCH

UNDERSTANDING  
ICE SHEET FRACTURE

 Environmental engineering doctoral graduates not 
only approach their research quantitatively but also  
work to understand what drives decisions of people –  
and what information could lead to healthier, more 
sustainable choices.
 In Sri Lanka, for example, Thushara Gunda used game 
theory to investigate how paddy farms adapt to changing 
climate. She and colleagues built a board game, hosted 
groups of farmers playing it and showed more information 
influences decisions, including crop rotation, and income.
 The game, which included a “Wheel of Rain,” was part of 
a broader study that drew on hydrology, social psychology, 
geography and behavioral economics to develop an 
integrative model on a system dynamics platform.
 Gunda is now an environmental engineer at 
Sandia National Laboratories. Chelsea Peters focused 
on freshwater resources in coupled-human systems 

in Bangladesh. She is now a postdoctoral researcher 
and lecturer at the Vanderbilt Institute for Energy and 
Environment. Both earned Ph.Ds in 2018 working with 
George Hornberger, University Distinguished Professor 
of Civil and Environmental Engineering, Craig E. Philip 
Professor of Engineering and VIEE director.
 Peters’ work included writing an illustrated children’s 
book that speaks to young residents of coastal 
Bangladesh after her research expanded to look at 
factors that influence adaptations and decisions about 
what wells are used when. 
 Peters got thinking about how best to educate 
youngsters in Bangladesh about water quality and 
community choices. She distributed 500 copies of 
Farzana’s Journey: A Bangladesh Story of the Water, 
Land, and People, translated into the Bangla language, to 
12 schools across the region.

 By 2100 average sea level is 
estimated to rise by one to three feet, 
possibly up to six feet, and likely will 
accelerate in the following century. 
Such a range vastly complicates 
planning for sea level increases and 
understanding of the risks.
 The most significant contributor 
to this uncertainty is the behavior of 
Antarctic sheets—when, how and why 
icebergs fracture and detach, or calve. 
It is a complex problem, and Ravindra 
Duddu, an assistant professor of civil 
and environmental engineering, has 
made solving it his mission.
 “There is concern that rapid 
changes to floating ice shelves can 
destabilize parts of the Antarctic ice 

sheet and accelerate its contribution 
to global sea level rise,” he said.
 Duddu received a $555,000  
NSF CAREER Grant in February 2019 
to continue his work, collaborating 
with research scientists at the 
National Center for Atmospheric 
Research’s Climate and Global 
Dynamics Laboratory. 
 He uses computational fracture 
modeling and nonlinear solid and 
fluid mechanics to analyze ice shelf 
fracture. The goal, Duddu said,  
to develop fracture-physics-based 
calving laws to represent mass  
loss from the Antarctic ice sheet over 
time scales of decades to centuries.

 The project, funded by NSF’s 
Office of Polar Programs, includes 
developing educational modules 
and workshops to bridge the gaps 
between civil engineering and earth 
science students. Summer research 
opportunities for undergraduates 
and high school students also  
are planned.

Left: Chelsea Peters distributes copies of 
her book, Faranza’s Journey, to students and 
teachers in Bangladesh. Above: Thushura 
Gunda works with paddy farmers in Sri Lanka.

Photo courtesy of NASA

13



Undergraduate CEE students at Vanderbilt have many 
opportunities outside class to study engineering solutions 
for the world close to campus and far from home. Study 
Aboard and Alternative Spring break take students out of 
their comfort zones, literally, to learn and affect change. 
Take a look at other examples.

American Society of Civil Engineers
Our award-winning ASCE Student Chapter is extremely 
active. Each year it participates in challenges from the steel 
bridge competition to sustainability designs and traffic 
engineering at the ASCE Southeast Student Conference. 
Chapter members build lasting friendships early in 
their undergraduate careers and also host engineering 
professionals for weekly talks. They have built benches at 
a shelter for at-risk teenagers, volunteered at a community 
garden, hosted an art show with work by engineering 
students, organized a civil engineering career fair and 
travelled to leadership workshops.  

UNDERGRADUATE 
OPPORTUNITIES
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Structures and Materials 
Laboratory 
The Structures and Materials Lab provides equipment 
and highly trained technical assistance to civil 
engineering classes, student groups and volunteer 
projects. ASCE members take advantage of a large 
fabrication area to weld trusses and other components 
of their steel bridge each year. It is where ASCE 
students build and cure their full-size concrete  
canoe for competition. First-year students in Intro  
to Engineering modules make model wind turbine 
blades, concrete dams, tiny concrete canoes and  
balsa wood towers for testing. Structural engineering 
and fluid dynamics courses conduct lab work here.  
The facility has a large capacity-loading frame, 
designed by Professor of Civil and Environmental 
Engineering P.K. Basu, to apply vertical and horizontal 
loads to model structures. Along with a range of 
sensors, LDS Shaker, Tinius Olsen, MTS and Fronny  
are available to students and faculty.

Other organizations of interest*
American Nuclear Society
Chi Epsilon Civil Engineering Honor Society
Design for America
Institute of Transportation Engineers
Society for Black Engineers
Society of Hispanic Professional Engineers 
Society of Women Engineers
SPEAR—Students Promoting Environmental Awareness and 
Responsibility
VU Women in Science and Engineering (WiSE)
Vanderbilt Green Fund

* The School of Engineering has more than three dozen student 
organizations. A longer list is available at https://engineering.
vanderbilt.edu/academics/Undergraduate/ClubsandOrganizations.php

Engineers without Borders 
EWB gives students the opportunity to positively impact the 
world by assessing and implementing engineering projects 
in developing communities abroad. One project involved 
designing and building a latrine in a village in Llanchama, 
Peru. A multi-year effort under way at schools in Paxoj and 
Txemuj, Guatemala, will develop a septic system at one 
school and retaining walls on both campuses to improve 
student sanitation and safety, respectively. Additionally, 
group members volunteer locally, collaborating with service 
organizations such as the Cumberland River Compact and 
Nashville Tools for Schools.

Vanderbilt campus change
CEE students work on Zero-Waste, Blue Sky Visioning, Menus 
of Change and other university sustainability initiatives. 
They’ve helped reduce food waste on campus and organized 
a campaign to get Vanderbilt to commit to 100 percent 
renewable energy.  That effort collected 2,000 student 
signatures in just two days!
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CEE LABORATORIES

Laboratory for Systems 
Integrity and Reliability
Prof. Douglas Adams

The lab serves as a proving grounds 
at Vanderbilt for creating and scaling 
technologies for application in energy 
systems such as wind turbines and 
batteries, defense and security platforms 
and aerospace and automotive systems. 
Research includes noise and vibration 
control, nonlinear structural dynamics 
and vibrations, structural health 
monitoring/diagnostics and damage 
prognosis. The 20,000 square foot high-
bay facility features a 3D high-speed 
scanning velocimeter and digital image 
correlation system, an electrohydraulic 
vehicle simulator, wind tunnel, high 
velocity impact tower, and suite of test 
machines to mimic real-world operating 
conditions and capture the true system 
failure modes.

Baroud Research Group
Prof. Hiba Baroud

The lab’s core interests lie in the area of 
statistical modeling to improve disaster 
preparedness and recovery. More 
specifically, the group develops data-
driven methods to measure the impact  
of disruptive events on the infrastructure 
and the community, evaluate the 
interdependencies across infrastructure 
systems and communities and predict 
the recovery behavior to inform resource 
allocation before, during, and after  
a disruption. Analytical methods 
founded in statistical learning, network 
analysis, risk and decision analysis  
and optimization models methods  
are developed and used. Applications 
span a wide range of critical 
infrastructures such as water,  
energy and transportation systems.

Dynamics and Controls Lab
Prof. P.K. Basu

The lab’s primary objective is to 
develop and test new infrastructure 
health monitoring systems for real 
time use in urban as well as remote 
locations. This includes use of sensors 
for data acquisition from infrastructure 
components, data analysis for health 
assessment, prognosis, and suggested 
needed immediate and long-term 
response, all in real-time.  Research 
interests include multiscale behavior 
of composites, rapid repair of damaged 
structures using composite patches 
and accurate modeling and simulation 
of complex high-performance material 
systems. The lab also has extensive 
experience in performance prediction 
of engineering systems such as civil 
structures, machines, railroad hardware, 
automobiles and aircrafts. 

Environmental  
Chemistry Lab 
Prof. Alan Bowers

The lab focuses on biological and 
physical/chemical processes in the 
environment, which includes the 
kinetics of biodegradation and the 
role of uncertainty in the application 
of these processes to the design and 
operation of wastewater treatment 
operations. Research includes developing 
new technologies for treating waste 
from fracking and the manufacture 
of pharmaceuticals and personal 
care products and evaluating novel 
chemistries to recycle critical resources. 

LeBoeuf Lab
Prof. Eugene LeBoeuf

Research focuses on environmental 
engineering, water resources 
engineering, water and environmental 
security, advanced characterization 
of natural organic matter, systems 
optimization and management,  
and contaminant fate and transport 
applied to groundwater, soil, and 
sediment systems. Specific attention is 
paid to physicochemical processes of 
environmental systems and improved 
methods to manage and increase sources 
of hydro-based renewable energy. 
This includes apply state-of-the-art 
mathematical and modeling approaches 
for model reduction, linearization 
and multiobjective optimization to 
multisystem hydropower operations 
that maximize energy production while 
minimizing environmental impacts.

Computational Physics  
and Mechanics Lab
Prof. Ravindra Duddu

Research interests are in the broad area 
of computational solid mechanics with an 
emphasis on multi-physics modeling of 
material degradation and finite element 
simulation. The research program focuses 
on advancing the frontiers of physics-
based modeling of fracture propagation in 
complex geo-environmental systems; and 
developing robust computational methods 
for predicting deformation and failure 
in natural and engineering materials 
with nonlinear constitutive behavior, 
such as glacier/sea ice, rocks, polymers 
and composites. Applications include 
fracture mechanics of glaciers and ice 
sheets, multiaxial fatigue delamination 
of composites, failure of multi-functional 
composite materials, and stress-assisted 
corrosion of metal alloys.   
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Gomez-Velez Lab
Prof. Jesus Gomez-Velez

Hydrology research combines numerical 
and analytical modeling, data mining 
and assimilation, and field and 
laboratory observations to gain a deeper 
understanding of how water, solutes and 
energy move through landscapes and 
river systems and the implications of 
these transport processes for humans 
and ecosystems. Most current work 
focuses on the interactions between 
surface water and groundwater at 
multiple spatial and temporal scales, 
ranging from small river bed forms and 
reaches to continents. 

CRESP
Prof. David Kosson

Research focuses on management of 
nuclear and chemical wastes, including 
process development and contaminant 
mass transfer applied to groundwater, 
soil, sediment and waste systems. The 
group’s work led to an EPA framework 
for management of coal fly ash and 
research on improving remediation and 
waste treatment processes has changed 
the approaches used at several DOE 
sites formerly used for the production 
of nuclear defense materials. The PI 
leads an international partnership to 
provide tools and predict the long-term 
performance of cement and concrete 
materials used in nuclear energy and 
nuclear waste management and co-leads 
the Vanderbilt partnership with Sterling 
Ranch, a sustainable community outside 
Denver, Colorado. 

 

Water Treatment and 
Desalination Lab
Prof. Shihong Lin

The lab focuses on developing water 
technologies at the water-energy-
environment nexus. Both experimental 
and modeling approaches are 
employed to enhance the fundamental 
understanding of water treatment 
processes and to develop technologies for 
more energy-efficient water treatment 
and for treating challenging wastewater 
from energy production. Existing 
research efforts include system-level 
energy efficiency analysis, fundamental 
investigation of process performance, 
and development of novel high-
performance materials. Specific  
research topics include reverse  
osmosis/nanofiltration, membrane 
distillation, capacitive deionization  
and electrodialysis. 

Multiscale Computational 
Mechanics Lab
Prof. Çăglar Oskay

The lab’s primary research focus is on 
multiscale computational modeling 
and simulation of material and 
structural systems subjected to extreme 
environments and extreme loading 
conditions. This includes multiscale 
computational failure modeling of solids 
and structures; life prediction and 
performance assessment of structures; 
computational modeling of composites 
and other heterogeneous materials; 
and modeling of multiphysics systems. 
The PI also is director of the Vanderbilt 
Initiative for Intelligent Resilient 
Infrastructure Systems, which includes 
a broad range of faculty with expertise 
in computational mechanics, computer 
science, field and remote sensing, big 
data, decision making and transportation 
systems networks.

Multiscale Materials 
Performance Lab
Prof. Florence Sanchez

The lab addresses challenges related 
to the long-term durability, resilience 
and development of sustainable and 
more durable infrastructure materials 
with reduced environmental impact. 
Research is directed at understanding 
relationships between processing, 
microstructure, performance/durability 
and the role of interfaces across multiple 
length and time scales. Areas include 
nano-engineering, chemo-mechanical 
behavior and long-term performance and 
durability of cement-based composites; 
additive manufacturing and 3D printing 
of multiscale, hierarchical infrastructure 
materials; and nuclear materials 
performance and long-term confinement 
of nuclear wastes. The research 
encompasses both experimental and 
computational studies and spans the 
molecular to the macroscopic scales. 

Risk and Reliability Group
Prof. Sankaran Mahadevan

Research focuses on reliability and risk 
engineering; structural mechanics in 
civil, mechanical and aerospace systems; 
durability of metals, composites and 
cementitious materials; structural health 
diagnosis and prognosis; computational 
model uncertainty; and optimization 
under uncertainty. The PI is the director 
of the professional master’s program 
in Risk, Reliability and Resilience 
Engineering. Critical systems, processes 
and devices that support the social 
and economic wellbeing are subject 
to risks of disruptive events, resulting 
from natural hazards, man-made 
attacks, malfunctions or accidents. RRR 
engineering targets the ability of critical 
systems to not only withstand such 
events but also recover from them to an 
acceptable level of performance within a 
desired duration.

Transportation Cyber- 
Physical Systems Lab
Prof. Dan Work

The lab uses sensing technologies, 
models, data, and advanced analytics to 
understand mobility systems in order to 
improve them. Research projects explore 
the interplay between autonomous 
vehicles and phantom traffic jams and 
use large mobility datasets to understand 
urban traffic congestion at city scales, 
and freight rail traffic at the regional 
scale. The lab also builds mathematical 
models and systems theory tools to 
understand the underlying behavior of 
traffic flow. The research focuses on 
developing new estimation approaches 
to improve our understanding of 
transportation systems at increasingly 
large scales, which includes finding 
a method that can overcome the 
constraints in high volume traffic data 
and identify ‘’extreme’’ behaviors from 
‘’regular’’ behaviors. 
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CENTERS + INSTITUTES

The Department of Civil and 
Environmental Engineering is home to 
several major interdisciplinary efforts.

Consortium for Risk Evaluation with 
Stakeholder Participation 
David Kosson, Cornelius Vanderbilt 
Professor of Engineering, Professor of 
Civil and Environmental Engineering  
cresp.org

Vanderbilt leads the Remediation 
and Mitigation Technology center 
of expertise CRESP, which works to 
advance cost-effective cleanup of the 
nation’s nuclear weapons production 
waste sites and test facilities.

Vanderbilt Institute for Energy and 
Environment  
George M. Hornberger, Craig E. Philip 
Professor of Engineering, University 
Distinguished Professor of Civil and 
Environmental Engineering and Earth 
and Environmental Science 
vanderbilt.edu/viee

Our future in large part hinges on smart 
production and use of energy, water 
and related resources. The institute 
engages in research and education 
that directly link the social and 
behavioral sciences, physical sciences, 
engineering, law and policy, and that 
bear on energy and environmental 
decision-making by individuals and by 
public and private institutions.

Vanderbilt Center for Environmental 
Management Studies 
Mark Abkowitz, Professor of Civil and 
Environmental Engineering, Professor 
of Engineering Management

The center provides guidance and 
support for the interdisciplinary 
study of environmental management 
and policy issues, bringing faculty 
members and students together for 
collaborative study and research.

Vanderbilt Center for Transportation 
and Operational Resiliency 
Craig Philip, Research Professor of Civil 
and Environmental Engineering 
vanderbilt.edu/vector

VECTOR emphasizes the integration 
of transportation engineering, 
planning and management. The work 
includes ground-breaking applications 
of information technology, risk 
management and systems thinking.

We also work with collaborators 
in these Vanderbilt and School of 
Engineering research communities:

Interdisciplinary Program in Materials 
Science  
engineering.vanderbilt.edu/materials-science 
Shihong Lin, Florence Sanchez, 
Douglas Adams

The IMS program includes faculty from 
engineering, chemistry, physics and 
medicine, and offers an customized 
curriculum to students who seek an 
advanced materials science degree.  
A long history of collaboration between 
the Vanderbilt IMS program and 
the Oak Ridge National Laboratory 
provides graduate students with 
exposure to world-class scientists  
and equipment.

Institute for Software Integrated 
Systems  
isis.vanderbilt.edu 
Daniel Work

The institute conducts basic and 
applied research in the area of 
systems and information science and 
engineering. Applications span a wide 
range of software-intensive systems 
from small embedded devices, through 
real-time distributed systems, to 
globally deployed complex systems.

Materials Durability and 
Environmental Research Facilities 
Hub 
Florence Sanchez, George Hornberger, 
David Kosson, Gene LeBoeuf, Shihong 
Lin, Sankaran Mahadevan

This new research hub studies natural 
and engineered materials used in 
infrastructure that are exposed 
to a wide range of environmental 
conditions. Applications include 
development of advanced materials 

for infrastructure, new techniques for 
leaching environmental assessment, 
understanding water transport and 
innovations in water desalination and 
photovoltaic films.

Multiscale Modeling and Simulation 
Group (MumS) 
my.vanderbilt.edu/mums 
Çăglar Oskay, Florence Sanchez

The interdisciplinary research facility 
houses faculty and researchers  
from Civil and Environmental 
Engineering, Chemical and 
Biomolecular Engineering and 
Mechanical Engineering. MuMS is  
co-located with the Vanderbilt Institute 
for Software Integrated Systems on 
historic Music Row.

Vanderbilt Institute for Data Science 
https://www.vanderbilt.edu/
datascience/ 
Hiba Baroud, Mark Abkowitz,  
Janey Camp, Sankaran Mahadevan, 
Çăglar Oskay

The Data Science Institute accelerates 
data-driven research, promotes 
collaboration and trains future leaders. 
The institute connects data science 
experts with academic leaders in all 
fields to spark discovery and study the 
impact of big data on society. 

Vanderbilt Institute of Nanoscale 
Science and Engineering 
Shihong Lin, Florence Sanchez, 
Douglas Adams 
vanderbilt.edu/vinse

ViNSE offers a suite of laboratories 
for nanofabrication and 
nanocharacterization and serves 
faculty members from the schools  
of engineering and medicine as  
well as the College of Arts and  
Science. Primary research areas 
include nanobio/nanomedicine, 
nano-energy, nanoscale optics, 
computational nanoscience and  
new nanoscale materials. 

The richness of our engineering research community is enhanced by the presence 
of Vanderbilt University’s interdisciplinary centers, institutes, laboratories and 
programs where members within the university and our peers collaborate on 
research, teaching and outreach. These collaborative partnerships allow faculty 
members and their students to share facilities, equipment, ideas and inspiration.  
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Mark Abkowitz
Professor of Civil and 
Environmental Engineering

Douglas Adams
Daniel F. Flowers Professor of 
Engineering
Chair, Civil and Environmental 
Engineering

Hiba Baroud
Assistant Professor of Civil and 
Environmental Engineering
Littlejohn Dean Faculty Fellow

Prodyot (P.K.) Basu
Professor of Civil and 
Environmental Engineering

Alan Bowers 
Associate Professor of Civil and 
Environmental Engineering

Ravindra Duddu
Assistant Professor of Civil and 
Environmental Engineering

Jesus Gomez-Velez
Assistant Professor of Civil and 
Environmental Engineering

George Hornberger
Craig E. Philip Professor of 
Engineering
Professor of Civil and 
Environmental Engineering

David Kosson
Cornelius Vanderbilt Professor of 
Engineering
Professor of Civil and 
Environmental Engineering

Eugene LeBoeuf
Professor of Civil and 
Environmental Engineering

Shihong Lin
Assistant Professor of Civil and 
Environmental Engineering

Sankaran Mahadevan
John S. Murray Sr. Professor of 
Engineering
Professor of Civil and 
Environmental Engineering

Çăglar Oskay
Professor of Civil and 
Environmental Engineering

Florence Sanchez
Associate Professor of Civil and 
Environmental Engineering

Daniel Work
Associate Professor of Civil and 
Environmental Engineering

TEACHING FACULTY
Curtis Byers
Professor of the Practice

Sanjiv Gokhale
Professor of the Practice

Steven Krahn
Professor of the Practice

Mazita Mohd Tahir
Assistant Professor of the 
Practice

Robert Stammer
Professor of the Practice

Lori Troxel
Professor of the Practice

RESEARCH FACULTY
Kevin Brown
Research Associate Professor

Janey Camp
Research Associate Professor

Andrew Garrabrants
Research Associate Professor

Pranav Karve 
Research Assistant Professor

Craig E. Philip
Research Professor

AFFILIATED FACULTY
John Ayers
Professor of Earth and 
Environmental Sciences

David Furbish
Professor of Earth and 
Environmental Sciences

Jonathan Gilligan
Associate Professor of Earth  
and Environmental Sciences

Matt Weinger
Norman Ty Smith Chair in Patient 
Safety and Medical Simulation
Professor of Anesthesiology

FACULTY

Stammer

Camp

Phillip

Troxel GarrabrantsBrown

Karve

Abkowitz Baroud BasuAdams

Bowers Gomez-Velez HornbergerDuddu

Kosson Lin MahadevanLeBoeuf

Oskay Work ByersSanchez

Krahn TahirGokhale
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AWARDS + HONORS
FACULTY
Mark Abkowitz and Janey Camp had 
one of the top 20 most downloaded 
papers in the Risk Management and 
Insurance Review: “Structuring an 
Enterprise Risk Assessment Protocol: 
Traditional Practice and New Methods.”

Mark Abkowitz was appointed to 
Editorial Board of Transportation 
Research, Transportation and the 
Environment and the Editorial Board of 
Sustainability. He received the Charles H. 
Hochman Lifetime Achievement Award 
from the Transportation Research Board 
of the National Academies in 2016.

Doug Adams, Kevin Brown, George 
Hornberger and Craig Philip were 
elected to American Academy of 
Environmental Engineers & Scientists.

Doug Adams received B.J. Lazan Award 
from the Society for Experimental 
Mechanics.

Hiba Baroud was named inaugural 
Littlejohn Dean’s Faculty Fellow  
and an inaugural Chancellor Public 
Voices Fellow.

Gene LeBouef was named diplomate 
of Water Resources Engineering by the 
American Academy of Water Resources 
Engineers. He also was called to serve 
as Deputy Commanding General, U.S. 
Army, Africa/Southern European Task 
Force and confirmed by the U.S. Senate 
for promotion to Major General and then 
to Brigadier General. 

Janey Camp was selected for the 
2019 Outstanding Young Alumnus 
Award by the Tennessee Tech Alumni 
Association Executive Board and 
received the 2018 Distinguished Young 
Alumnae Award. She also served a term 
as President of Tennessee Society of 
Professional Engineers and received the 
ASCE Nashville Branch Outstanding 
Engineering Educator Award.

Ravindra Duddu received a NSF CAREER 
Award Grant for “Fracture Mechanics 
of Antarctic Ice Shelves & Glaciers— 
Representing Iceberg Calving in Ice Sheet 
Models & Developing Cyberlearning 
Tools for Outreach.”

Sanjiv Gokhale was appointed 2018 
Bowen Industry Fellow by the Associated 
General Contractors of America.

Shihong Lin was awarded ACS PRF 
Doctoral New Investor Grant. He also 
received a Ralph E. Powe Junior Faculty 
Award and was selected to attend 
the NAE Frontiers of Engineering 
Symposium.

Sankaran Mahadevan was named 
Fellow of the American Institute of 
Aeronautics & Astronautics. He also was 

elected to the Board of Governors of the 
ASCE Engineering Mechanics Institute, 
selected as Fellow of PHM Society and 
won an SEC Faculty Achievement Award.

Çăglar Oskay was promoted to professor 
from associate professor. He also was 
elected fellow of the American Society 
of Mechanical Engineers and elected to 
the Executive Committee of the ASME 
Materials Division.

Frank Parker, professor emeritus, 
received the W. Bennett Lewis Award for 
Sustainable Energy and Development 
from American Nuclear Society.

Craig Philip was appointed to the 
Certification by Eminence Committee of 
the American Academy of Environmental 
Engineers & Scientists. He also was 
appointed as a member of the Marine 
Board for the TRB.

Florence Sanchez and Kevin Brown 
had one of the top 10 most downloaded 
papers in the Journal of the American 
Ceramic Society: “Cements in the 21st 
century: Challenges, perspectives,  
and opportunities.” The paper also  
was nominated by the journal for Best 
Paper Award.

Dan Work was named as one of the top 
10 Innovators of Internet of Things under 
40 by Connected World. He also was 
chosen to present the Gilbreth Lecture 
at the National Academy of Engineering 
national meeting in 2018.

GRADUATE STUDENTS
Will Barbour, Charles Doktycz and 
Yanbing Wang received Dwight David 
Eisenhower Transportation Fellowship 
Recipients from Federal Highway 
Administration in 2018-19. 

Rudraprasad Bhattacharyya was 
selected for 2018 a SEI Young Professional 
Scholarship to Structures Congress 
and was featured in ASCE Structural 
Engineering Institute News.

Brandon Chisholm received first place 
in the category of Energy Policy from 
Innovations in Nuclear Technology R&D.

Andrea Gardiner became a Board 
Certified Environmental Engineer 
through the American Academy of 
Environmental Engineers and Scientists.

Thushara Gunda, Ph.D ’18, received the 
Founders Medal Award at Vanderbilt 
University 2018 Commencement.

Megan Harkema was awarded a three-
year fellowship from the DOE Office of 
Nuclear Energy.

Ruize Hu received runner-up for his 
poster in the Computational Mechanics 
Poster Competition at the Engineering 
Mechanics Institute Conference 2018.

Leslie Gillespie-Marthaler received 
the University Transportation Center 
Program Award for 2017 Outstanding 
Student of the Year.

Kyle Neal won Best Paper Award at the 
International Modal Analysis Conference 
2019 for “Uncertainty Quantification in 
Thermal Battery Performance Using a 
Roll-up Methodology.”

ValaRae Partee was selected to 
participate in the 2017 environmental 
fellows program through the University  
of Michigan in partnership with 
Environmental Grantmakers Association.

Li Wang received the 2019 Graduate 
Student Award in Environmental 
Chemistry from the American Chemical 
Society Division of Environmental 
Chemistry.

Zhangxin Wang received 2017 Graduate 
Student Award in Environmental 
Chemistry from the Division of 
Environmental Chemistry of the 
American Chemical Society.

Jinzhu Yu was awarded the Society for 
Risk Analysis Engineering Infrastructure 
Specialty Group Student Merit Award.

Peng Zhang received Papers of Note 
rating at WM2018.

UNDERGRADUATES
Vanderbilt ASCE Chapter received first 
place at TN Engineers Conference (2018).

Kate Thompson, Kendall Coffman, 
Kendyll Dellinger and Trent Sexton 
were selected as a finalist team and 
attended 2017 Race to Zero competition 
at National Renewable Energy Lab in 
Golden, CO.

Vanderbilt ASCE Chapter received 
Certificate of Commendation from 
ASCE in 2017 as a top 5 percent chapter 
nationwide.

Vanderbilt ASCE Chapter – 2017 
Southeast Regional Student Conference, 
28 teams: first place in steel bridge 
deflection, sustainable design of waste 
receptacle, concrete mix design for 
cornhole boards; second place in traffic 
competition, t-shirt theme, steel bridge 
display; third place in plan reading; 
fourth place in surveying; fifth place in 
geotechnical, steel bridge overall. 

Vanderbilt ASCE Chapter – 2018 
Southeast Regional Student Conference, 
26 teams: fifth place overall and spirit; 
second place in campy cornhole and 
concrete horseshoe; in steel bridge 
competition, first place in lightness, 
fourth place in efficiency, fifth place in 
deflection and construction speed, in 
addition to overall.
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ADMISSIONS
UNDERGRADUATE
Admission to the undergraduate program is managed by the 
Vanderbilt Office of Undergraduate Admissions. Admissions  
staff are available to answer questions, arrange campus tours, 
provide additional information about degree programs, and link 
visitors with appropriate campus offices and members of the 
university community. 

CONTACT
Office of Undergraduate Admissions
Vanderbilt University
2305 West End Avenue
Nashville, TN 37203-1727
Phone: (615) 322-2561 or (800) 288-0432
Website: admissions.vanderbilt.edu 

Robert Stammer
Director of Undergraduate Studies
Department of Civil and Environmental Engineering
Jacobs Hall 294
robert.stammer@vanderbilt.edu
615-343-8060

GRADUATE
To apply for admission to the graduate program in civil and 
environmental engineering, you must first meet the general 
requirements for admission by the Vanderbilt University Graduate 
School.  Application for admission may be made electronically 
through the Graduate School website at vanderbilt.edu/gradschool. 
The Graduate School Catalog is here: vanderbilt.edu/catalogs. 

CONTACT
Vanderbilt University Graduate School
117 Alumni Hall
2205 West End Avenue
Nashville, TN 37240 USA
ATTENTION: Civil and Environmental Engineering
(615) 343-2727  

Çăglar Oskay
Director of Graduate Studies/Civil Engineering
caglar.oskay@vanderbilt.edu
615-343-0583

Florence Sanchez
Director of Graduate Studies/Environmental Engineering
florence.sanchez@vanderbilt.edu
615-322-5135

Sanjiv Gokhale
Director of Graduate Studies/Construction Management
s.gokhale@vanderbilt.edu
615-322-5919

Sankaran Mahadevan
Director, M. Eng. program/Risk, Reliability, Resilience Engineering
sankaran.mahadevan@vanderbilt.edu
615-322-3040

IMPORTANT DATES
Jan. 15: Fall application deadline
April 15: Deadline to accept admission

Professional (one-year) masters programs
June 15: Fall admission deadline
Nov. 15: Spring admission deadline
Rolling admissions in some programs and circumstances

FINANCIAL AID 
UNDERGRADUATE
Vanderbilt is committed to enrolling talented, 
motivated students from diverse backgrounds. About 
65 percent of Vanderbilt students receive some type 
of aid. Our admissions process is need-blind for U.S 
citizens and eligible non-citizens, which means the 
ability to pay for a Vanderbilt education is not a factor 
in the admissions process. All need-based aid packages 
now include scholarships, grants (gift assistance), and 
employment opportunities in place of need-based 
loans. This initiative does not involve income bands or 
income cutoffs that limit eligibility. More information 
can be found at vanderbilt.edu/financialaid.

GRADUATE
Students wishing to be considered for financial awards 
administered by the Graduate School should check  
the appropriate box under “Financial Information” 
on the online application and make certain that 
a complete application is received by January 
1. Prospective applicants are urged to apply for 
fellowships or grants from national, international, 
industrial, or foundation sources. More information  
can be found at vanderbilt.edu/gradschool.

Graduate students in the Department of Civil and 
Environmental Engineering seeking the Ph.D. degree 
receive a competitive stipend, tuition waiver, health 
insurance and reimbursement for some incidental 
fees. This financial aid can be in the form of a Teaching 
Assistantship or a Research Assistantship. 

•  Graduate Teaching Assistantships: Financial aid 
for the academic year to students who assist in 
supervised teaching of undergraduates

•  Graduate Research Assistantships: Financial aid  
for the calendar year to students carrying out thesis 
or dissertation research with support from  
a research grant

Teaching or Research Assistantships may be 
supplemented by a scholarship or fellowship through 
a competitive process supported by exceptional 
applicant qualifications. In order to be considered for 
these service-free awards, an applicant’s file must 
be complete by January 1. The honor fellowships 
listed below are in addition to a Teaching or Research 
Assistantship. Teaching or Research Assistantships  
may be supplemented by a scholarship or fellowship 
through a competitive process supported by 
exceptional applicant qualifications. In order to be 
considered for these service-free awards, an applicant’s 
file must be complete by January 1. The honor 
fellowships listed below are in addition to a Teaching  
or Research Assistantship.

•  Harold Stirling Vanderbilt Graduate scholarships: 
 $6,000/year for up to five years
•  University Graduate Fellowships: $5,000/year for up 

to two years
•  Provost’s Graduate Fellowships: $5,000/year for up 

to two years 
•  School of Engineering Fellowships: $4,000/year 

for up to four years plus an award of $1,000 for 
professional development



 

Vanderbilt University
Department of Civil and Environmental Engineering
2301 Vanderbilt Place
PMB 401592
Nashville, TN 37240-1592

Campus Location
Department of Civil and Environmental Engineering
267 Jacobs Hall
400 24th Avenue South
Nashville, TN 37212
Phone:  (615) 322-2697
Fax:  (615) 322-3365
engineering.vanderbilt.edu/cee/

Vanderbilt University is committed to principles of equal opportunity and affirmative action. Vanderbilt® and the Vanderbilt logos are registered trademarks of The 
Vanderbilt University. © 2019 Vanderbilt University. Printed on paper with 10% post-consumer recycled content with ink made from renewable resources, as part of the 
university’s commitment to environmental stewardship and natural resource protection. This publication is recyclable. Please recycle it.

SUPPORT VANDERBILT CEE
Your financial support of the Vanderbilt CEE Department can help us advance our 
mission of discovery and learning in civil and environmental engineering to provide 
students with a unique educational experience as we research innovative solutions to 
society’s biggest challenges. Some initiatives that private gifts make possible include:

• State-of-the-art facilities and cutting-edge laboratory equipment for hands-on 
student design experiences

• Graduate research scholarships to increase diversity and train the next generation 
of researchers

• Distinguished lectures from leading civil and environmental experts

• Student travel awards to enable participation in national conferences

Every gift of any amount is greatly appreciated. For more information about making 
a gift or pledge to the Vanderbilt University Department of Civil and Environmental 
Engineering, please contact the School of Engineering Development Office by e-mail 
(alumniengineering@vanderbilt.edu) or at 615-322-4934. 

Gifts may also be made directly online at the following link: vu.edu/supportcee

Thank you for your support!


