
 1 

BIG DATA IN RAILROAD 

MAINTENANCE PLANNING 

N E W S L E T T E R  D A T E  

DELAWARE CENTER FOR TRANSPORTATION 
YOUR MAIN RESOURCE FOR TRANSPORTATION EDUCATION 

RESEARCH & TECHNOLOGY 

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll  SPRING 2018 VOL. 18 NO. 1  lllllllllll 

 

Delaware Center  

for Transportation 

 

Department of Civil 
and Environmental 

Engineering 

 

355 DuPont Hall 
Newark, DE  19716 

 

P: 302-831-1446 
F: 302-831-0674 

www.ce.udel.edu 

The University of Delaware’s Railroad Engineering and Safety Program hosted its fourth 
annual conference focusing on uses of Big Data in Railway Engineering and Maintenance 
on December 14 & 15, 2017.  
 
The conference is organized annually by Dr. 
Allan M. Zarembski, Professor of Prac-
tice and Director of UD’s Railroad Engineer-
ing and Safety Program and Dr. Nii Attoh-
Okine, professor of civil and environmental 
engineering. The conference has grown 
from 50 attendees with a discussion on 
“what” the railway industry wants to do with 
big data, to over 220 registrants and “how” 
the industry is using big data, in just four 
years. It attracted attendees from Europe, 
South America and throughout US and 
Canada.  
 
The conference was kicked-off by UD’s 
President Assanis, who welcomed at-
tendees from major railways, transit sys-
tems, railway suppliers and contractors, and 
academia (see Photo). President Assanis 
spoke of the new “Big Data” initiative at the University of Delaware and its importance in 
the future growth of the University. The keynote speaker, Mr. Charles “Wick” Moorman IV, 
President of Amtrak, set the stage for two days of technical sessions by discussing the 
challenges that the railway industry faces, and how Amtrak is taking advantage of big da-
ta and cutting edge data science to increase safety and productivity. This was further em-
phasized by a special panel composed of the Chief Information Officers (CIOs) of the Un-
ion Pacific Railroad, Amtrak and SEPTA who talked about the growing importance of data 
collection, data management, and data analysis in meeting the numerous challenges fac-
ing railways and transit systems today. This special panel was chaired by Amtrak presi-
dent “Wick Moorman” (see photo) 
 
Seven technical sessions, comprising over 35 technical presentations, were held over the 
two days with a focus on railroad industry needs and applications. Presentations included 
railway industry needs identified by major railway CIOs and railroad speakers, Federal 
Railway Administration driven big data requirements, case studies from railways and sup-
pliers, and theories and techniques currently in use. The future direction of Data Analytics 
was also highlighted by the two Academia sessions which highlighted how the industry is  
 

Amtrak president, Wick Moorman addresses the Big Data in Railway 

Engineering and Maintenance Conference. 

http://railroadengineering.engr.udel.edu/
http://railroadengineering.engr.udel.edu/
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using cutting edge Data Science techniques to solve practical problems. 
Some of the presentations showed a significant return on investment to the 
railways for implementing such techniques. 

The big data conferences and the recent award of a five-year Tier 1 Universi-
ty Transportation Center (UTC) program (in conjunction with the University of 
Nevada at Las Vegas and Virginia Tech) for “Improving Rail Transportation 
Infrastructure Sustainability and Durability.” has allowed UD’s Railroad Engi-
neering and Safety Program to expand and upgrade its research capabilities. 
UD’s railway engineering and safety program is currently using big data to 
forecast the life of railroad track components and help railways and suppliers 
understand how to take advantage of “mountains” of inspection and mainte-
nance data through cutting edge engineering and data science research. 
These activities are performed in conjunction with several railroad companies 
that are providing data for UD engineers to analyze. 

Zarembski and co-organizer Attoh-Okine are already building the program for the 2018 event, which will be held in 
December 13-14, and look forward to continued success disseminating, not just important research, but application 
of the research to the railroad and transit industry. 

UD President Assanis welcomes the attendees 

Our hearts go out to those affected by the recent pedestrian bridge failure at Florida International University in Miami.  This 

bridge failed shortly after the structure was placed into service, via a sudden and catastrophic collapse of the structure, which 

caused six fatalities. The cause of failure is currently unknown, and there is an on-going investigation being performed by the 

National Transportation Safety Board.  The bridge itself was built using accelerated bridge construction (ABC) techniques, at an 

institution that has a national reputation for innovative research in this area, and a federally funded university transportation cen-

ter (UTC) focused on ABC. 

Following this tragedy, just a few days ago, Mississippi Governor Phil Bryant ordered the closure of traffic across 83 dangerously 

deteriorated county bridges in Mississippi.  This list has grown to 106 bridges, with the declared state of emergency allowing the 

governor to mandate closure of the bridges and to have Mississippi DOT workers provide assistance with the closure process.   

Both of these recent events point to the myriad and difficult challenges associated with bridge construction and bridge maintenance, as well as the 

critical role that bridges play in our nation’s transportation infrastructure.  The traveling public expects bridges to “just work”, as any in-service bridge 

failures will almost certainly result in significant loss of life.  However, much of our existing bridge infrastructure has reached the end of its service life, 

with many bridges being structurally deficient, functionally obsolete, and in some extreme cases of deterioration, a true danger to the traveling public.  

Replacement of these structures, when sufficient funding is available, must be performed extremely quickly, with as little disruption to the traveling pub-

lic as possible. 

Juxtaposed against this backdrop, available funding for infrastructure maintenance, rehabilitation, and replacement of our existing bridge inventory at 

the city and county level ranges from limited to nonexistent in many locales.  Even at the state level, there is often insufficient funds to address all of the 

most pressing bridge-related problems, and significant decisions must be made about which problems to spend money on first.  Moreover, the never-

ending pressure to “get in, get out, and stay out” that is ever present in the transportation infrastructure community is particularly strong in the bridge 

community, as many bridges are by their very nature already transportation bottlenecks. 

Articles in this newsletter describe the “Big Data in Railroad Maintenance Planning” conference that was held at the University of Delaware, as well as 

activities by faculty, staff, and students at the Transportation Research Board 97th Annual Meeting in Washington, DC.  Our hearty welcome goes out to 

the inaugural class of UD’s new Construction Engineering and Management program, which is housed in the Department of Civil and Environmental 

Engineering; we expect lots of great collaborations between those folks and our on-going DCT activities.  Please read the technical article on 

“Determining Work Zone Lane Capacities.”  Mark your calendars for the upcoming Research Showcase scheduled for May 9 in Dover and the Road-

way Management Conference, which will be held October 15-17, 2018 in Gettysburg, Pennsylvania.   

Here’s hoping that spring gets here soon! 

Message from the Director 
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Notes from the Delaware T2/LTAP Center 

Roadway Management Conference Returns 
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One of the largest annual gathering of transportation professionals and researchers concluded in mid-January.  The Trans-

portation Research Board (TRB) annual meeting, scheduled from January 7th through January 11th was held at the Walter 

E. Washington Convention Center in Washington, DC.  A number of sessions and workshops focused on the spotlight 

theme for the 2018 meeting: Transportation: Moving the Economy of the Future.  Among the more than 10,000 policy mak-

ers, administrators, practitioners, and representatives of government and industry attendees was a contingent from the 

University of Delaware. 
 

Rachel Chiquoine, a doctoral student and new fellowship recipient from the Dwight David Eisenhower Transportation Fel-

lowship Program, gave a presentation entitled, “Patient Travel Behaviors during a Public Health Biological Event Requiring 

Points of Dispensing” on the first day of the meeting. 
 

William Baker, a doctoral student, attended the Council of University Transportation Centers (CUTC) 2018 Awards Ban-

quet held in conjunction with TRB.  Will was selected for the UTC Student of the Year Award from the Mid-Atlantic Sustain-

ability Transportation Center.  
 

Mingxin Li, research scientist in the Delaware Center for Transportation, presented two posters during the meeting related 
to nanostructured fertilizer for sustainable roadside landscapes. 
 

Other posters included topics as varied as the impacts of sea-level rise on non-motorized transportation, automated and 
connected vehicles, land use planning, reducing stormwater runoff and bikeshare ridership.  
 

University of Delaware faculty and professional staff member attendees included Rusty Lee, Christopher Meehan, Andreas 
Malikopoulos, Willett Kempton, and Mingxin Li. 

For many years, the Mid-

Atlantic Transportation Technolo-

gy Transfer (T2) Centers and Lo-

cal Technical Assistance Pro-

grams (LTAP)  hosted the Road-

way Management Conference, 

which moved around between 

Delaware, Maryland, Pennsylva-

nia, Virginia, and West Virginia.  It 

was last held in 2008 in West Vir-

ginia and proved to be very popu-

lar.  However, the credit crisis put 

an end to out-of-state travel for 

many of us for several years and 

the RMC had to be suspended.  

Well, many of you have beat the 

drum for its return and the Mid-

Atlantic Region is bringing it back.   

The Roadway Management 

Conference will return October 15-

17, 2018 in Gettysburg, Pennsyl-

vania.  Mark your calendars! 
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The RMC is intended for all practitioners who construct and maintain state, coun-

ty, and  municipal roads and streets. This 

group includes elected and appointed offi-

cials, city managers and clerks, public 

works managers, engineers, technicians, 

equipment operators, tradesmen, laborers, supervisors, and contractors.  

A survey was circulated last winter; many of you responded to both 

encourage us to revive the RMC and to inform us of topics of inter-

est.  Based on feedback from the survey, we are planning sessions that 

include bridge preservation, maintenance, and inspection, in addition to 

high-friction surface treatments, box culvert and pipe best practices, micro-

surface and slurry seals, chip seal, brines for winter maintenance, MUTCD 

updates, sign installation and maintenance, stormwater MS4 issues, trench-

ing safety, smart work zones, personnel and personal skills, and others.  

We also plan to have multiple outside displays and demonstrations such as 

chainsaws and wood chipper safety, concrete finishing and testing, equip-

ment displays, and more. 

Our planning for the RMC began in earnest at our October Regional Meet-

ing in Lewes, Delaware.  We made great progress and our plan is to pro-

vide you with more details later this spring. Meanwhile, you can see a draft 

agenda and other details on the RMC website https://roadwaymanagementc.wixsite.com/home , which will 

evolve as details emerge. 

We know that our local transportation agencies struggle with many challenges 

and sometimes just getting out to talk to colleagues from other areas, share their 

experiences, hear new ideas, and examine equipment up-close can bring us closer 

to solutions.  So our goal will be to put together an RMC that you’ll want to attend 

and that you’ll be glad you did.   So mark your calendar now and stay tuned for 

more details. 

Undergraduate Program in Construction Engineering and Management Wel-
comes Inaugural Class 

In the 2016/2017 academic year, the De-

partment of Civil and Environmental Engi-

neering at the University of Delaware em-

barked on a journey to offer a new under-

graduate degree program in construction 

engineering and management (CEM).    

Today, there are 20 students enrolled in the 

program majoring in construction and more 

are considering transferring into the program.   These students 

have officially embarked upon their journey into leadership of 

the profession in the future and UD expects graduates to make 

a difference in all sectors of the construction industry, including 

engineered and heavy highway construction.   

Establishment of this degree program was strongly encouraged 

by the engineering and construction industry and with strong 

support of UD alumni who have established successful careers 

in construction.  The development effort began with hiring of 

the first program director, Dr. Edgar Small, who brings more 

than 25 years of construction and infrastructure management 

experience and a passion for construction engineering educa-

tion to the position.      

https://roadwaymanagementc.wixsite.com/home
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The undergraduate program was established to provide students 

with the skills and abilities to lead the profession in the future.   

“As the industry evolves and progresses, the construction enter-

prise has become more complex and technically demanding,” 

Small says. “The increasing need for engineers prepared to meet 

the challenges of construction management has been recog-

nized by industry, addressed by professional societies and ac-

crediting bodies, and validated through market studies.”  With 

this well documented need, the program must develop students 

for future achievement as construction professionals.  Students 

need to be well prepared in engineering fundamentals; in con-

struction fundamentals like estimating, scheduling, equipment 

and law; and in new technologies, such as BIM and the use of 

drones.  The program was developed following an in-depth eval-

uation of all existing accredited construction engineering pro-

grams worldwide and with consultation and involvement of the 

professional community.   

The resulting program offers a 4-year, 126 credit hour program 

with significant added value.  First and foremost, the program is 

designed following ABET accreditation requirements, which give 

the graduates a path towards professional engineering licensure.  

Also, all students in the program will be required to participate in 

a 26-week co-op experience.  This enables students to gain valu-

able practical experience to complement their classes without 

extending their degree program beyond 4 years.  Furthermore, 

all students are required to complete a certificate of business 

essentials offered by UD’s Alfred Lerner College of Business and 

Economics or to pursue additional classes towards a minor in 

business administration. Lastly, the program has been developed 

with an international perspective and all students have the oppor-

tunity to participate in 4-week concentrated study of international 

construction as part of a study-abroad program.    

Start-up of the program, including the hiring of Small as director, 

was enabled by a major gift from an industry partner.  Industry 

partners have further sponsored research experiences for under-

graduate students, visiting faculty opportunities and development 

of facilities.  These partnerships have enabled the department to 

develop the curriculum and is facilitating establishment of the 

program.   These efforts have been successful with the inaugural 

class of 20 construction engineering students and more success 

in the long-term is expected.  Ideally, giving current resource 

availability, the program will produce a minimum of 20 under-

graduate students each year. 

To support this objective, the department is in the process of 

hiring two full-time faculty members.  Applications have been 

received from excellent candidates from around the world and 

department faculty are currently preparing for on-campus inter-

views with the objective of having new professors join the faculty 

in the 2018/2019 academic year.    Future growth is expected at 

the graduate level with both research-oriented graduate degree 

programs and on-line, class-only masters’ offerings.   To support 

(Continued on page 6) 

 

UD Engineering Students Learn from Visiting Job-sites and Exposure to Practice 
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future graduate growth and to expand our service to the profession, additional faculty are required.   Small plans to expand the program 

with the hiring of three additional research-oriented faculty to increase the construction group to six faculty members in the future.   

The academic instruction offered is designed to advance in partnership with the professional community from all sectors of construction, 

including engineered and heavy construction.  Connecting the industry to the classroom provides benefits for both the students and the 

profession.   “Regional construction and engineering firms will undoubtedly benefit from graduates of this program, who will not only hold a 

degree in construction engineering but also acquire a skill set of applied practices and hands-on experience relative to the business,” noted 

Small.  Students’ academic career is in turn enhanced through knowledge of best practices in the field.   Ideally,  such students would grad-

uate ready to hit the ground running and make a difference in their chosen profession.   

UD’s construction engineering and management program is unique in the area and is ideally situated in the region.  While there are con-

struction management options available, these options do not provide an engineering foundation necessary for professional licensure and 

essential for providing engineered solutions within the construction process.  Select universities do offer civil engineering or architectural 

engineering but such programs have limited construction exposure.  UD offers the only construction engineering program in Northeast re-

gion and Mid-Atlantic corridors.   No other program exists from Washington, DC to Maine.  UD is ideally situated to serve the construction 

engineering resource needs within the region in the future and welcomes the involvement of transportation construction professionals to be 

part of the development.   
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Wednesday, May 9, 2018 

11:30—2:00 

Paradee Center 

69 Transportation Circle 

Dover, DE   

You are invited to attend our 2018 Transportation Research Showcase.  View poster displays 

and talk to Principal Investigators from the University of Delaware and Project Managers 

from DelDOT.  Showcase projects include many areas, e.g., Environmental, Bridge 

Engineering & Management, Traffic, Planning, Policy, Pavement & Materials and 

Construction, among others.   

2018 Spring Research Showcase 

Please come and enjoy a light lunch  while viewing the presentations .  

Taste a sample of UD Creamery Ice Cream! Admission is free but you 

must register to attend!    

Click here to register 

https://delaware.ca1.qualtrics.com/jfe/form/SV_6rQjOkZ6Fh1K1Zr
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IRIB Ongoing Structural Health Moni-
toring 

The Indian River Inlet Bridge represents a 
significant investment in infrastructure for the 
State of Delaware.  This funding supports 
ongoing evaluation of the bridge and preserva-
tion of its state-of-the-art structural health 

monitoring system.  Ending 8/31/2019  

Principal Investigators:  Michael Chajes and 
Tripp Shenton, Department of Civil and Envi-

ronmental Engineering 

Project Manager:  Jason Arndt, Bridge De-
sign 

 

Snow Plow Route Optimization 

The goal of this research is to develop a math-
ematical model for optimizing snowplow rout-
ing in order to minimize the total snowplow 
truck travel distance and travel times.  Ending 

5/4/18  

Principal Investigator:  Mingxin Li, Depart-

ment of Civil and Environmental Engineering 

Project Manager:  Jason McCluskey, Division 

of Planning 

    

Field Measurement of the Dynamic Im-
pact Factor for Buried Culverts 

This research is aimed at field investigation of 
the actual dynamic load effects on buried cul-
verts.  The final product is expected to be a 
refined methodology for estimating the impact 

factor for buried culverts.  Ending 11/4/18 

Principal Investigator:  Kalehiwot Manahiloh, 
Department of Civil and Environmental Engi-

neering 

Project Manager:  Ping Jiang, Bridge Section 

 

Integrating Zero-Valent Iron and Bio-
char Amendments in Stormwater 

Data from a field demonstration stormwater 
treatment system using biofilter media amend-

ments for removing nitrogen will be used to 
develop preliminary guidelines for DelDOT, 
which will assist the agency with compliance 
of the Total Maximum Daily Load (TMDL) 
regulations for bacteria and nutrients in sur-

face waters.  Ending 5/6/18 

Principal Investigators:  Paul Imhoff, Daniel 
Cha, Pei Chiu, Julia Maresca, Department of 
Civil and Environmental Engineering, Mingxin 

Guo, Delaware State University 

Project Manager:  Mark Harbeson, Transpor-

tation Management Center 

 

Evaluation of New Data Sources for 
Planning and Operations FY17 & FY18 

This project will provide DelDOT a demonstra-
tion of what some new sources of cell phone 
data can provide for information and how it 
would be useful for both operations and plan-

ning.  Ending 8/31/18  

Principal Investigator:  Rusty Lee, Depart-

ment of Civil and Environmental Engineering 

Project Manager:  Michael DuRoss, Division 

of Planning 

 

FY18 Regional Travel Demand Model-
ing Support 

Assist DelDOT with developing, maintaining, 
applying and evaluating its travel demand 
forecasting model that is used not only by 
DelDOT but also by the state’s two metropoli-

tan planning organizations.  Ending 8/31/18 

Principal Investigator:  Rusty Lee, Depart-

ment of Civil and Environmental Engineering 

Project Manager:  Michael DuRoss, Division 

of Planning 

 

2017 DelDOT Municipal Agreements 
Project 

The goals of this project are for student interns 
to conduct a careful review of all known agree-

ments that exist between DelDOT and Dela-
ware municipalities, documenting the bounda-
ries of the agreement and its applicability to 

roadways systems.  Ending 12/31/18 

Principal Investigator:  Rusty Lee, Depart-

ment of Civil and Environmental Engineering 

Project Manager:  Karen Brittingham, Divi-

sion of Planning 

 

Fall 2016 and Summer 2017 Processing 
of DelDOT-TMC Bluetooth Data for 
Travel Time and Speed Measurements 

This project entails transforming raw Bluetooth 
data into a useable form for DelDOT and pro-
cessing the data into average time and speed 
between sensors and comparing average 
speed with posted speed limit to get an indica-

tion of delay.  Ending 8/31/18     

Principal Investigator:  Ardeshir Faghri, De-
partment of Civil and Environmental Engineer-

ing 

Project Manager: Mark Eastburn, Division of 

Planning 

 

ITS Support for Bicycle and Pedestrian 
Application Development FY17 

The aim of this project is on development of 
software tools and application that focus on 
the needs of pedestrians and cyclists.  Ending 

6/30/18  )    

Principal Investigator:  Chandra 
Khambhamettu, Computer and Information 

Sciences 

Project Manager:  Paul Moser, Division of 

Planning 

 

Statewide Traffic Data Analysis and 
Evaluation – FY17 

Analysis and evaluation of potential methods 
for the TMC and for Division of Planning for 

(Continued on page 8) 

RESEARCH 
As each project is completed, a final technical report will be available on the DCT website:  http://www.ce.udel.edu/dct 

http://www.ce.udel.edu/dct
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testing and implementing improvements to 
measurement of travel speeds and congestion, 

which are key elements of prioritizing projects. 

Ending 5/31/18  

Principal Investigator:  Rusty Lee, Depart-

ment of Civil and Environmental Engineering 

Project Manager:  Gene Donaldson, Traffic 

Management Center 

 

FY17 Completion of the DelDOT Con-
struction Intern Project 

This project supports efforts by interns to docu-
ment via video, construction methods and best 
practices within the Route 301 construction 

project. Ending 8/31/18   

Principal Investigator:  Rusty Lee, Depart-

ment of Civil and Environmental Engineering 

Project Manager:  Javier Torrijos, Division of 

Planning 

 

Exploratory Field Monitoring of Pile 
Downdrag 

The goal of this project is to measure field data 
related to the performance of installed deep 
foundation elements that are used to provide 

structural support for bridges. 

Ending 12/31/18  

Principal Investigator:  Christopher Meehan, 
Department of Civil and Environmental Engi-

neering 

Project Manager:  Jason Hastings, Bridge 

Section 

 

Developing Methodologies to Convert 
Time of Day Person Schedules to Travel 
Demand Model Inputs for Evaluation of 
PRT System Designs 

Develop the methodologies for a student trip 
table and faculty/staff trip table that may consist 
of multiple O-D tables or other methods deter-
mined to be best for modeling purposes.  End-

ing 6/8/19   

Principal Investigator:  Rusty Lee, Depart-

ment of Civil and Environmental Engineering 

Project Manager:  Michael DuRoss, Division of 

Planning 

 

Innovative Applications and Utilizations 
of TMC Data 

The aim of this project is to thoroughly review 
the data collected by the Traffic Management 
Center, test its accuracy and reliability and as 

part of the final deliverable, 

provide a table detailing what units of DelDOT 

can use the TMC data.  Ending 6-8-19   

Principal Investigator:  Ardeshir Faghri, De-
partment of Civil and Environmental Engineer-

ing 

Project Manager: Mark Eastburn, Division of 

Planning 

 

Using “Big Data” to Enhance the Transit 
Planning Process and Transit Users’ 
Experiences 

The focus of the research is to better under-
stand how current and prospective transit users 
are able to use and respond to transit system 
operations through technology, social media, 

and “big data”-type resources.   

Ending 6-8-19   

Principal Investigator:  Mingxin Li, Depart-

ment of Civil and Environmental Engineering 

Project Manager: Jaren Kauffman/Bruce Allen, 

Division of Planning 

 

Latest Innovative Approaches to Intra-
agency Skill-Based Resiliency for 
DelDOT 

The main objective of this research is to evalu-
ate the most recent developments in the area of 
skill-based resiliency.  Strategies most appropri-
ate for the unique context of DelDOT will be 

listed and ranked.  Ending 6-8-19 

Principal Investigator:  Mingxin Li, Depart-

ment of Civil and Environmental Engineering 

Project Manager: Jaren Kauffman/Bruce Allen, 

Division of Planning 

 

Evaluating Biochar Amendment of 
DNREC Biosoil-14 Bioretention Medium 

As a follow-up to field tests, this project will 
evaluate the performance of DNREC Biosoil-14 
(standard DNREC bioretention mix) with and 
without biochar amendment on nutrient removal 

and plant growth.  Ending 6-30-18   

Principal Investigators:  Paul Imhoff, Depart-

ment of Civil and Environmental Engineering 

Mingxin Guo, Delaware State University 

Project Manager:  Sara Esposito, Maintenance 

& Operations 

 

Fall 2017 and Summer 2018 Processing 
of DelDOT-TMC Bluetooth Data for Trav-
el Time & Speed Measurements 

The main purpose of this project is to process 
and analyze the Bluetooth data collected by the 
Traffic Management Center for travel time and 
speed measurements throughout the state.  

Ending 8-31-18   

Principal Investigator:  Ardeshir Faghri, De-
partment of Civil and Environmental Engineer-

ing 

Project Manager: Mark Eastburn, Division of 

Planning 

 

On-Call Development and Logistics for 
Video Analysis of Intersections and 
Roadways for Planning and Evaluation 

This project aims to further develop software, 
hardware, and processes to gain observational 
insights into our transportation system from the 
use of multi-spectral imaging and other remote 

sensing technologies. 

Ending 12/31/18   

Principal Investigator:  Chandra 
Khambhamettu, Computer and Information 

Sciences 

Project Manager:  Paul Moser, Division of 

Planning 

 



 9 

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

 

TranSearch Spring 2018 

Safety and mobility for 

users and personnel on the 

worksite and efficient flow 

of traffic through work 

zones is a major concern to 

practitioners, researchers, 

managers, or transportation 

officials. The Federal High-

way Administration 

(FHWA) requires all the 

state DOTs to develop a 

Traffic Management Plan 

during the design phase of 

road construction and 

maintenance projects. Fol-

lowing the FHWA require-

ment, state DOTs perform 

work zone traffic analyses 

to select appropriate lane 

closure strategies based on 

predicted capacity, queue 

lengths, user costs and crash 

rates for work zones to re-

duce construction times and 

minimize impacts on the 

motoring public. While 

work zone processes and 

procedures differ signifi-

cantly from state to state, 

they all focus on developing 

increased capacity and effi-

ciency through the work 

zone or within the adjacent 

corridor. Figure 1 illustrates 

a typical work zone on a 

multilane signalized corri-

dor in Delaware.  

 

Determining Work Zone Lane Capacities 
By Mingxin Li, Arde Faghri, Ruimei Fan  

Figure 1:  Work zone at Summit Bridge Road, Delaware 

(Photos taken on January 29, 2017 at Summit Bridge Road)  
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The determination of appropriate time peri-
ods for lane closures is a balance between the needs 
of the construction crews to complete the work in a 
timely manner as well as providing the least amount 
of delay to motorists approaching and traveling 
through the work zone. The capacity of the work 
zone can be estimated by establishing a relationship 
between speed reduction and the primary factors 
impacting the work zone capacity. Currently, the 
Delaware Department of Transportation (DelDOT) 
refers to the Work Zone Safety and Mobility Proce-
dures and Guidelines document, more specifically 
Table-2 of the Guidelines: "Measured Average 
Work Zone Capacities" to determine capacity val-
ues within work zones on uninterrupted roadway 
facilities.  

The purpose of this study was to provide 
the Delaware Department of Transportation 
(DelDOT) with a review of the state-of-the-
practice tools for managing work zone safety, es-
timating the traffic mobility impacts at work 
zones and developing Delaware-specific values 
much like those found in the DelDOT Work Zone 
Safety and Mobility Procedures and Guidelines 
and the 2010 HCM to represent work zone lane 
capacities on multilane signalized roadways. 

Our analysis of the issues is informed by a 
comprehensive review of the approaches taken by 
researchers and practitioners for the estimation of 
capacity in construction work zones to mitigate 
traffic delays caused by such closures in past re-
search. An annotated bibliography of over 60 ref-
erences is presented which is concerned primarily 
with work zone capacity model. A literature 
search of the 50 state transportation agencies, as 
well as the District of Columbia were conducted 
to determine what innovative practices of work 
zone operations are being utilized to determine 
the capacity at work zones.  However, not all 
states have formalized a policy that can be used 

for estimating the traffic impacts of work zone 
lane closures. Since many traffic flow analysis 
tools applied to work zones do not consider con-
gestion characteristics such as queue length and 
delay, we provide a systematic review of software 
developed to perform the work zone capacity 
analysis and to help quantify queue length and 
travel delay times. We also explore how to help 
mitigate traffic delay problems.  

The presentation of analysis methods used 
to evaluate traffic conditions under work zone 
operations is separated into two components: 
freeways and multilane signalized arterial, be-
cause performance measures used to characterize 
these two roadway types are different. Since traf-
fic flow on most of multilane signalized road-
ways in Delaware does not exceed the work zone 
capacity, it is more difficult to estimate true value 
of work zone capacity. To this end, we propose a 
new methodology to determine work zone capaci-
ty distribution based on the probabilistic speed-
flow-density relationships. Data in terms of the 
traffic flow, speed, density, lane occupancy in 
work zones were collected in six work zones on 
freeways in California and twenty-five work 
zones on multilane signalized roadways in Dela-
ware. To calibrate queue discharge rates, the vol-
ume, speed and occupancy data are extracted 
from the Performance Measurement System 
(PeMS) (2016) covering from 05/18/2015 to 
06/05/2015.  (Figure 2). 

Figure 2: Map of the PEMS traffic monitoring network in Los Angeles Area  
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 Data quality is a significant concern in traffic data archiving. Figure 3 shows the fundamental dia-
grams (FD), which reflect the fundamental car-traffic speed-flow-density relationship that are valuable in 
building confidence in the quality of our analysis data.  

Figure 3: Field data plots showing the fundamental diagrams 

Note that, instead of using travel time, we use the distance-weighted travel time rate (in minutes per 
mile), an important measure of traffic performance to exclude the variability caused by trip distance. The 
standard deviation and mean travel time rate are computed for every 5 minute interval based on real-data.  
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Figure 4: Mean travel time rate and its stand-
ard  

Figure 5: Mean space headway and its stand-
ard deviation  

Figure 6: Mean queue length and its standard 
deviation 

Figure 4 shows a robust linear relationship between the mean travel time rate and its standard 
deviation (R2 = 0.99 for 10% sample data; R2 = 0.97 for 100% sample data). 

Although the relationship between the standard deviation and mean of space headway was appar-
ently linear (Figure 5), the coefficient of determination (R2 = 0.79 for 10% sample data; R2 = 0.71 for 
100% sample data) were both smaller than for standard deviation and mean of travel time per distance. 
Similarly, the results in Figure 6 shows that there is a significant linear relationship between standard de-
viation of queue length (P < .001), although the data appear to be more scattered with a lower coefficient 
of determination in regression (R2 = 0.67 for 10% sample data; R2 = 0.71 for 100% sample data). 

Sites selected for evaluation differed on types of roads, traffic volume, section lengths, geometric 
characteristics, and time lengths of construction activities . After collecting the traffic data at work zone, 
the time series plots of flow, occupancy were studied to find how the presence of lane closure affects the 
flow.  
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Figure 7 and Figure 8 are flow-occupancy scatter time series plots for Naamans Road between 
Foulk Road and I-95, Eastbound.  There is little or no drop in speed with increasing flow, which indicates 
that vehicles at most of the work zones remained stable and close to the work zone speed limit, i.e., under 
uncongested conditions. The linear flow-occupancy relationship represents free flow condition, while the 
flow-occupancy curve shifts upward when relationships drivers proceed through the work zone with high-
er flow at given occupancy. 
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Two groups of plots were studied: time series plots for flow-occupancy scatter plots (Figure 7) 
and traffic flow vs. occupancy scatter plots (Figure 8). 

Figure 7: Time series plots for flow-occupancy scatter  

Figure 8: Flow vs. occupancy scatter plots, Naamans Rd., Foulk Rd. to I-95, EB 
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The 25-site average capacities were 1475 vphpl for 15-min sustained flow (Figure 9). Notably, 
they were larger than the 1240 vphpl Highway Capacity Manual (HCM) based capacity values and cur-
rently used by DelDOT but lower than most values found in the nationwide survey. The proposed 
methodology can be helpful in evaluating the variability of work zone capacity and selecting better the 
work zone traffic control strategies to improve the capacity and construction staging. 

Figure 9: Work zone capacity distribution 

LET US KEEP YOU INFORMED 

If you wish to continue to receive updates on DCT and T2/LTAP 

events, newsletters, technical bulletins and educational training 

workshops 

enter and/or update your contact information here. 

https://delaware.ca1.qualtrics.com/jfe/form/SV_4OBzF6JXC2ZAroo
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The mission of the Delaware Center for Transportation is to 
improve the movement of people, goods, and ideas, and 
be viewed as a valuable resource for transportation-related 
issues and challenges within the state, the mid-Atlantic  
region and beyond.  
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