Visualization and

Communication in
Pavement Performance

Final Report
July 2018

Sponsored by

Midwest Transportation Center
U.S. Department of Transportation
Office of the Assistant Secretary for
Research and Technology

MIDWEST
TRANSPORTATION
CENTER

IOWA STATE UNIVERSITY

Institute for Transportation



About MTC

The Midwest Transportation Center (MTC) is a regional University Transportation Center
(UTCO) sponsored by the U.S. Department of Transportation Office of the Assistant Secretary
for Research and Technology (USDOT/OST-R). The mission of the UTC program is to advance
U.S. technology and expertise in the many disciplines comprising transportation through the
mechanisms of education, research, and technology transfer at university-based centers of
excellence. lowa State University, through its Institute for Transportation (InTrans), is the MTC
lead institution.

About InTrans

The mission of the Institute for Transportation (InTrans) at Iowa State University is to develop
and implement innovative methods, materials, and technologies for improving transportation
efficiency, safety, reliability, and sustainability while improving the learning environment of
students, faculty, and staff in transportation-related fields.

ISU Non-Discrimination Statement

Iowa State University does not discriminate on the basis of race, color, age, ethnicity, religion,
national origin, pregnancy, sexual orientation, gender identity, genetic information, sex, marital
status, disability, or status as a U.S. veteran. Inquiries regarding non-discrimination policies
may be directed to Office of Equal Opportunity, 3410 Beardshear Hall, 515 Morrill Road,
Ames, lowa 50011, Tel. 515-294-7612, Hotline: 515-294-1222, email eooffice@iastate.edu.

Notice

The contents of this report reflect the views of the authors, who are responsible for the facts
and the accuracy of the information presented herein. The opinions, findings and conclusions
expressed in this publication are those of the authors and not necessarily those of the sponsors.

This document is disseminated under the sponsorship of the U.S. DOT UTC program in
the interest of information exchange. The U.S. Government assumes no liability for the use
of the information contained in this document. This report does not constitute a standard,
specification, or regulation.

The U.S. Government does not endorse products or manufacturers. If trademarks or
manufacturers’ names appear in this report, it is only because they are considered essential to
the objective of the document.

Quality Assurance Statement

The Federal Highway Administration (FHWA) provides high-quality information to serve
Government, industry, and the public in a manner that promotes public understanding.
Standards and policies are used to ensure and maximize the quality, objectivity, utility, and
integrity of its information. The FHWA periodically reviews quality issues and adjusts its
programs and processes to ensure continuous quality improvement.



Technical Report Documentation Page

1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.
4. Title and Subtitle 5. Report Date
Visualization and Communication in Pavement Performance July 2018

6. Performing Organization Code

7. Author(s) 8. Performing Organization Report No.
Cynthia Corritore and Nalini Govindarajulu
9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)

Department of Business Intelligence & Analytics

Heider College of Business

: A 11. Contract or Grant No.
Creighton University

Omaha, Nebraska 68178 Part of DTRT13-G-UTC37

12. Sponsoring Organization Name and Address 13. Type of Report and Period Covered
Midwest Transportation Center U.S. Department of Transportation Final Report

2711 S. Loop Drive, Suite 4700 Office of the Assistant Secretary for

Ames, |A 50010-8664 Research and Technology 14. Sponsoring Agency Code

1200 New Jersey Avenue, SE
Washington, DC 20590

15. Supplementary Notes
Visit www.intrans.iastate.edu for color pdfs of this and other research reports.

16. Abstract

The purpose of this research project was to develop visualization techniques and methods that display pavement performance
data and information in a communication-friendly format for a variety of end users. Several possible scenarios of end users and
possible questions that they might use visual analyses to answer were envisioned. The researchers believed that the two primary
types of end users were county office administrators examining the status of the roads in their counties and the state and
engineers working with the data sets. Accordingly, several visualizations are presented that would be useful for both of these end-
user groups. For each, a short description is given along with a sample question that the visualizations could be used to answer.
The data used to generate these interactive visuals were provided by the lowa Department of Transportation and outline
numerous indicators of pavement performance for the year 2013. Software programs used to produce the visual analyses were
Microsoft Excel 2010 and Tableau 9.0.

The visual analyses are interactive and are designed to provide a dashboard at the county level. They can also be modified to
display information and visuals at other levels of county groupings.

17. Key Words 18. Distribution Statement
communication—pavement data—pavement performance—visualization No restrictions.

techniques

19. Security Classification (of this 20. Security Classification (of this 21. No. of Pages 22. Price
report) page)

Unclassified. Unclassified. 30 NA

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized



http://www.intrans.iastate.edu/




VISUALIZATION AND COMMUNICATION IN
PAVEMENT PERFORMANCE

Final Report
July 2018

Principal Investigator
Cynthia Corritore, Professor
Department of Business Intelligence & Analytics, Heider College of Business,
Creighton University

Co-Principal Investigator
Nalini Govindarajulu, Associate Professor
Department of Business Intelligence & Analytics, Heider College of Business,
Creighton University

Authors
Cynthia Corritore and Nalini Govindarajulu

Sponsored by
Midwest Transportation Center and
U.S. Department of Transportation
Office of the Assistant Secretary for Research and Technology

A report from
Institute for Transportation
lowa State University
2711 South Loop Drive, Suite 4700
Ames, 1A 50010-8664
Phone: 515-294-8103 / Fax: 515-294-0467
www.intrans.iastate.edu



http://www.intrans.iastate.edu/




TABLE OF CONTENTS

ACKNOWLEDGMENTS ...
OVERVIEW ...
VISUALIZATIONS ..o

End User: County Administrators
End User: Engineers ....................



LIST OF FIGURES

Figure 1. High crack data for all crack types by street in County 1 .......ccccceveviiiiniieneniieseennen,
Figure 2. High crack data for all crack types by street in County 1 with drilldown for two

SPECITIC SEIELS ...t bbbttt
Figure 3. High crack data for L-cracks by street in County L..........ccccoveveiiiivieeieiie e
Figure 4. Comparison of condition indices and high cracks for County 58 compared to all

COUNTIES COMDINEM.........iiiiiiiiiieieie ettt bbbt
Figure 5. Comparison of condition indices and high cracks for County 58 compared to all

counties combined with tooltip detailS...........c.coveiiiieiieie e
Figure 6. Performance of each pavement type for County 1 ..........cooviiiiiiiiiinineneeeeeeee,
Figure 7. Performance of each pavement type for County 1 with tooltip details..........................
Figure 8. Comparison of traffic data for County 58 compared to all counties combined .............
Figure 9. Comparison of traffic for County 58 compared to all counties combined with

TOOILIP AELAIIS.......eeiiiceee e
Figure 10. Pavement performance for District 2; Pavement Types 1, 3, 4; and Systems 2

20 R OSSPSR
Figure 11. Crack performance over all districts, counties, systems, age, speed, and

PAVEMENT TYPES ...e.veviteeteeteeieiei e teste e testa e e et et e ste st e sbeeteeseeseessessesbenaestesreeraeneaneeneenes
Figure 12. Mean PCI by crack type (high) and performance over District 1; Pavement

Types 1 and 3; and speed limits of 30 to 39 and 40 t0 49 Mph........ccoccvvvveiviieiieiee,
Figure 13. PCI over time for all pavement tYPeS.......c.civoieiieieee e

Vi



ACKNOWLEDGMENTS

The authors would like to thank the Midwest Transportation Center and U.S. Department of
Transportation Office of the Assistant Secretary for Research and Technology for sponsoring this
research.

vii






OVERVIEW

The researchers envisioned several possible scenarios of end users and possible questions that
they might use visual analyses to answer. They believed that the two primary types of end users
of these visualizations were (1) county office administrators examining the status of the roads in
their counties and the state and (2) engineers working with the data sets. Accordingly, the
researchers presented several visualizations that would be useful for each of these end-user
groups. For each, a short description is given along with a sample question that the visualization
could be used to answer.

The data set used for these visualizations was PMIS13.xIsx, which included the most recent data
available for this purpose. Software programs used to produce them were Microsoft Excel 2010
and Tableau 9.0. PCI-2 was used for all analyses, but it is displayed below as pavement
condition index (PCI).



VISUALIZATIONS
End User: County Administrators

This chapter presents the data for all “high” crack types by street in a specific county (see Figure
1). The data points can be selected singly or in a group (by highlighting) to show the specific
data for the data point(s). The interactive drilldown information is illustrated in Figures 2 and 3.

Question: Which Streets Have the Largest Numbers of High Cracks in My County?
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Drilldown: County 1 Street Data for Highlighted Cracks

Figure 1. High crack data for all crack types by street in County 1
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County 1 Street Data for Highlighted Cracks
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Figure 3. High crack data for L-cracks by street in County 1



The following shows two charts combined into one dashboard. The first shows the PCI and all
pavement condition indices for a chosen county compared to the same data for all counties
combined. The second shows the data for all high cracks for the chosen county compared to all

counties (see Figure 4). Detailed information about each bar can be obtained, as shown in Figure
5.

Question: How Does My County Compare to All of the Counties Combined for Condition and
Distress Data?
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Figure 4. Comparison of condition indices and high cracks for County 58 compared to all counties combined
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Figure 5. Comparison of condition indices and high cracks for County 58 compared to all counties combined with tooltip
details



The following shows four charts combined into one dashboard. The first, third, and fourth show
PCI, joints with spalling, and severity patches (bad condition) for each pavement type. The
second shows all crack types (high) for each pavement type (see Figure 6). The specific detailed
data for each bar can also be obtained, as shown in Figure 7.

Question: What Is the Performance of the Different Pavement Types in my County? Which
Pavement Type Has the Highest PCI in my County?



Pavement Performance by Type for County 1
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Figure 6. Performance of each pavement type for County 1
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Pavement Performance by Type for County 1
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Figure 7.

Performance of each pavement type for County 1 with tooltip details
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End User: Engineers

The following shows three charts combined into one dashboard (see Figure 8). The first shows
the mean PCI, average daily traffic (ADT), and trucks for a selected county and all counties
combined. The second shows all three traffic kips for the selected county and all counties
combined. The third shows all five traffic data metrics for 2012 to 2014 for the selected county.
Detailed information about each bar can be obtained, as shown in Figure 9.

Question: How Does My County Compare to All of the Counties Combined for Truck Traffic and
Kips?

12
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Figure 8. Comparison of traffic data for County 58 compared to all counties combined
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Traffic Data For County Plck County (58
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Figure 9. Comparison of traffic for County 58 compared to all counties combined with tooltip details
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The following shows two charts combined into one dashboard that focuses on PCI and
International Roughness Index (IRI) for different pavement types. Data can be filtered by
district, county, system, pavement type, age, and speed (see Figure 10).

Question: How Do PCI and IRI Vary by Pavement Type?

15



MIC - Pavement Pedermance Visualization
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Figure 10. Pavement performance for District 2; Pavement Types 1, 3, 4; and Systems 2 and 3
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The following shows four charts combined into one dashboard that focuses on four types of high
cracks: A-cracks, D-cracks, L-cracks, and T-cracks. For each, data can be filtered by district,
county, system, pavement type, age, and speed (see Figure 11).

Question: How Do High Cracks Vary by Pavement Type?

17
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Figure 11. Crack performance over all districts, counties, systems, age, speed, and pavement types
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The following shows four charts combined into one dashboard that focuses on the mean PCI by
four high crack types: A-cracks, D-cracks, L-cracks, and T-cracks. For each, data can be filtered
by district, county, system, pavement type, age, and speed (see Figure 12).

Question: How Does PCI Vary across High Cracks?
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MIC - Pavement Performance Visvalizalion
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Figure 12. Mean PCI by crack type (high) and performance over District 1; Pavement Types 1 and 3; and speed limits of 30 to
39 and 40 to 49 mph
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The following shows mean PCI for the age of the pavement, for up to four pavement types (see
Figure 13).

Question: Has PCI Changed over the Age of the Pavement for All Pavement Types?
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Figure 13. PCI over time for all pavement types
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