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entities. Trademarks, names, or logos appear in this presentation only
because they are considered essential to the objective of the document. They
are included for informational purposes only and are not intended to reflect a
preference, approval, or endorsement of any one product or entity.

This presentation was created and is being co-presented by FHWA and
outside parties. The views and opinions expressed in this presentation are the
presenters’ and do not necessarily reflect those of FHWA or the U.S.
Department of Transportation (USDOT). The contents do not necessarily
reflect the official policy of the USDOT.
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Workshop Agenda

* Introductions

* Overview of Work Zone Performance Measurement
®* Deep-Dive Sessions:

* Safety

* Mobility

* Agency Efficiency

®* Questions and Answers




23 CFR Part 630 Subpart J

* “Work Zone Safety and Mobility Rule”

* Encourages States to develop and implement systematic procedures
to assess work zone impacts and to manage safety and mobility
during project implementation

* Requires States to use field observations, crash data, and operational
information to manage work zone impacts during implementation

* Agencies can improve these efforts through the use of work zone safety
and mobility performance measures.




Work Zone Performance Measurement

What is it?
* Performance measurement is an outcome-based approach that uses objective and subjective evidence to
quantify the degree to which an intended outcome is occurring over time.

* Work zone performance measurement quantifies how roadway construction impacts workers, travelers,
residents, and businesses at the project and agency program levels.

* Successful performance monitoring is based on collecting, analyzing, and monitoring three types of data:
* Performance data
* Exposure data
* Indicator data
Where is it used?
* Agencies conduct performance measurements in work zones where they would like to:

* Compare the trends and patterns of safety, mobility, project quality, and customer satisfaction with agency
goals

* Evaluate the success of the intelligent transportation system deployments—specifically in the areas of
safety and mobility




Why Measure and Manage Performance?

* "What gets measured gets managed.”
* Allows agencies to:

Understand how their work zone management decisions affect safety and
mobility

Monitor and improve conditions at an existing work zone

Improve how they make future decisions regarding work zone
Mmanagement

|dentify specific problems or issues that may be occurring
Review and improve work zone policies and procedures

“Tell the story” about work zone impacts and efforts to mitigate those
Impacts




Workshop Objectives

* Reemphasize work zone performance measurement (WZPM)

* Present examples of WZPM

* Project-level and program-level WZPM

* Discuss the current state of practice

* Explore opportunities, methods, and resources for agencies to identify and
Implement WZPM at project and program levels.




Performance Measurement Areas and Process

\dentify Performance Areas:

and engage o T ..
e Safety, mobility, and agency efficiency

Review

and refine Select
measures appropriate

L  Sclection and Evaluation of

related to ]
Define agency Performance Measures:

methods for Ll ¢ Select performance measures matching agency
disseminating goals
resulis Identi , .
Assign a,,:i?aﬁfe * |dentify and determine data sources to use

roles and Define ~_data * Decide work zone analysis scope and timeframe

responsibilities  analysis SOUrces

requirements * Compute specific measures of interest

Seven-step performance measurement process
Source: Webinar—“A Tutorial on Establishing Effective Work Zone
Performance Measures” (www.workzonesafety.orq)



http://www.workzonesafety.org/

Work Zone Performance Areas and Measures

Exposure
throughput, vehicle miles traveled, and costs
Mobility Safety Agency Efficiency
* Delay * Crash statistics * Field review ratings
* Queue length and * Fatality rates e Actual versus planned
duration * Worker accidents costs

e Travel time Safety surrogate data | * Actual versus planned
* Travel time reliability * Frequency of intrusions schedule

* Congestion events

 Enforcement statistics
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Safety Performance




Why is it important to measure safety performance in
work zones?

* Work zones present complex challenges (reduced lanes, diverging lanes,
detours, reduced speeds) for motorists and traffic operators.

* Understanding, measuring, and quantifying the safety impacts of various
aspects of work zones offer critical insights for proactive planning and
management of work zones.




Safety Performance Measurement Examples (slide 1/4)
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Number of work zone injuries per 100 million work zone (WZ) vehicle miles traveled (VMT)
Source: Illinois Department of Transportation

How are injury rates
varying across
different years?




Safety Performance Measurement Examples (slide 2/4)
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Safety Performance Measurement Examples (slide 3/4)

= Number of Work Zone Crashes % Percentage of Total Work Zone Crashes

Termination Area I 1.9%

Activity Area [ 1
Transition Area - 13.4%

Advance Warning Area - 13.1%

Before the First Work Zone Sign . 3.6%

0 100 200 300 400 500 600 700 800 900

Work Zone Crashes by Work Zone Location
Source: Delaware Department of Transportation

Where are the crashes
occurring?




Safety Performance Measurement Examples (slide 4/4)

Project-Level Comparison of
Crash Performance

Crash
Total May June July August Sept Reduction
2016 13 1 2 8 2 0 -
2017 11 1 2 6 2 0 15%
Work Zone Crashes by Month
Source: Wisconsin Department of Transportation
Injury Total # People
K A B c PDO Injured
2016 0 0 2 6 5 12
2017 0 0 2 1 8 9
Work Zone Crashes by Severity
Source: Wisconsin Department of Transportation
Injury
K A B C PDO Total Cost
2016 $0 $0 $76,890 | $189216 | $21,020 $287 126
2017 $0 $0 $153,780 | $63,072 $33,632 $250 484

Work Zone Crash Cost Comparison
Source: Wisconsin Department of Transportation




Safety Performance Measures

* Conventional Measures (Normalized)—Traditional Data:
* Crashes per work zone vehicle mile traveled

* Crash severity (fatality, injury, and property damage only) per work zone vehicle mile traveled
* Worker incidents per work zone vehicle mile traveled

* Contextual Measures:

* Crash contributing factors (distracted driving, speeding, driving under the influence, hitting work
zone equipment)

* Work zone crash location (termination area, activity area, transition area, advance warning area,
and before the first work zone sign)

* Crash types (e.g., sideswipe, head-on, rear-end, fixed object)

* Measures—Emerging Data:
* Hard-braking events and locations




Survey Responses: Work Zone Exposure Data

Exposure data collected Do you use your exposure data to
normalize other performance measures?

Number of work zones
Number of lane closures
) Yes
Work zone miles

Work zone hours

Work vehicle miles traveled No

Other (please specify)

7 out of 16 participants responded that they use exposure data to normalize performance measures. Most
respondents mentioned that their agencies uses exposure data to normalize work zone crashes (crashes per
VMT, crashes per 1,000 work zone miles, crashes per 1,000 work zone hours)




Survey Responses: Safety Performance Area (slide 1/2)

Does your work zone policy have a Safety Data Collected
defined safety measure?

Crashes 14
Crash severity (PDO, injury, fatal) 14
Yes (please specify) 2 Work zone worker incidents 10
Crowdsource crash alerts
No 12 Hard braking
Other (please specify)
0 2 4 6 8 10 12 1‘4 0 2 4 6 8 10 12 14

12 out of 14 respondents mentioned that their work zone policy does not have a defined safety measure.
States Collect and digitize detailed safety data. States also started exploring emerging data sources.




Survey Responses: Safety Performance Area (slide 2/2)

Do you filter your safety data to your Do you use your safety data to
work zones? qguantitatively assess your work zones?
Yes 7 Yes 5
No 7 No 9

7 out of 14 respondents mentioned that their agencies filter data specific to work zone boundaries (spatial
and temporal). 5 respondents mentioned that they use safety data to assess work zone performance. Most

respondents indicated an annual cadence for performing program-level safety assessments.




Data Driven Work Zone
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KENTUCKY.
A CABINET Presentation by Chris Lambert

Online Peer Exchange | March 23, 2023



Vision
Striving to be national leaders in transportation
who provide transportation infrastructure and

TEAM services for the 21st century that deliver new
KENTUCKY. economic opportunities for all Kentuckians.
TRANSPORTATION
CABINET . .
Mission

To provide a safe, efficient, environmentally
sound and fiscally responsible transportation
system that delivers economic opportunity and
enhances the quality of life in Kentucky.



Real-Time Data Sources

 HERE Traffic Speeds * TMC Reports
 HERE Incidents

[ )
. Waze Jams Snowplows

« Waze Traffic Viewer  Roadway Weather Stations

* Waze Incidents * County SNIC Activity Reports
 ICone Traffic Speeds ‘D M S

. Twitter ynamic Message Signs

« KYMesonet * Truck Parking

* CoCoRahs * Permitted Work Zones

 NWS Doppler Radar

« NWS Forecasts * AASHTOWare SiteManager

TEAM ils

KENTUCKY.

TRANSPORTATION
CABINET




Real-Time Data Management

Raw Data ("Data Lake”) Processed Data
 Stored as native file format  Various Timestamp
« Simple folder structure « Added LRS Attributes
- Saving new file every 2  District
minutes * County
* Route
* Mile Point
* Direction
* Etc.

TEAM ils

KENTUCKY.

TRANSPORTATION
CABINET




Various Use Cases

 Traveler Information System
* Incident Detection & Monitoring

« Roadway Weather Decision Support
(aka “Snow and Ice Decision Support”)

 Emergency Management Support
 Work Zone Monitoring

* Various Research Projects
 Performance Management

TEAM ils

KENTUCKY.

TRANSPORTATION
CABINET




Work Zone: Definition

"Work Zone"

Work Area + Pre-Defined Queue Length
Using RTUnigque, EMP/gps, EMPigps

Beqgin
Mile point or gps

1 }
|
End
Mile point or gps
"Work Area"
)

» ) _ .
L—b WZ Mile Points / Coordinates
v

Mile Point 1 2022-01-01 1:00pm Work Zone record is created
Mile Point 1 2022-01-01 1:02pm Speed: 55mph

Mile Point 1 2022-01-01 1:04pm Speed: 55mph

Mile Point 1 Speed: 55mph

Mile Point 1 Speed: 55mph

Mile Point 1 Speed: 55mph

Mile Point 1 2022-11-01 4:00pm Work Zone record is closed/expires

Display Location

Display "Window" of Time




Work Zone: Alerts

X Close [ITS] 1-265 in Jefferson County Work Zone Incident Report @ v

@ Kentucky Transportation Cabinet (Do Not Reply) Gz &
To: Lambert, Chris C (KYTC) Mon 2023-03-20 5:23 PM

N TMC Crash reported in Work Zone

Road Work Zone Reference Work Zone Current .
County ([Route Begin . . ; . Reference Information
Name . . Milepoint || End Milepoint | Avg Speed g
Milepoint
GOKY | Google Maps | Waze | Here
Jeff [-265| 1-265 25.0 26.0 270 9.0 )
ererson WeGo | NWS Detailed Forecast

Please check here for the most up-to-date information.
The data contained in this alert is current at time of sending and may be subject to change.

X Close [ITS] Work Zone Interstate Speed Summary W v

@ Kentucky Transportation Cabinet (Do Not Reply) G2 * %) AT T
To: Lambert, Chris C (KYTC) Wed 2023-03-22 2:50 PM

Road Begin Reference End Current Avg

Name Milepoint | Milepoint | Milepoint Speed Reference Information

GOKY | Google
Maps | Waze | Here
WeGo | NWS Detailed
Forecast

Work Zone averages 25mph or

Oldham I-71 1-71 12.0 11.6 14.0 14.1

less for 10min or more.

Please check here for the most up-to-date information.
The data contained in this alert is current at time of sending and may be subject to change.



Work Zones: Traveler Information

Facebook Twitter

IMARC Truck Parking Waze HERE ITS {Intranet) ITS Data Studio

Information Summary

US-25 at mile point 3 in Whitley County
L1l (expected 34 mph)

US-25 at mile point 4 in Whitley County
EELTT (cxpected 49 mph)
US-25 at mile peint 5§ in Whitley County
EEXETT (cxpected 49 mph)

U$-25 at mile peint & in Whitley County
(expected 49 mph)

Work Zones

& exrrem

US-25 at mile point 6.2
in Whitley County

@ & waze (0)

Incidents

m@ Traffic (0)
c»@ Hazard (0)
@ Weather (0)

(»@ Digital Sign (0)

(0)
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Work Zone Monitoring
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Work Zone Monitoring

= Project Location: District 7, Cla unty, KY-627 BMP 7.2 - EMP 7.4 ‘I.
= %

Jul 18, 2022 - Jul 18, 2022 v District

N

FIISCTS BITBOY W 2 \ 4 Ecton RO
~ a =G0 -
. [ (58 Save A Lot @ ra
S
All Map Satellite 9, Legacy Grove Paer ,;;\e“‘“} g Pt
Lowe's Hom@@ ¥ Louisiana Kitcher < = =
Improvemer _ 15)
(MproVemen: Fox A United States D) e
Iractor Supply Co Postal Service s
Kroger@
Eiret Caral or W ". -t ‘,/\‘j v's Dis la Y, L _ ~ A
@ First Care J,‘rgL"H Wildcat Willy's Distillery ClarKEneray Co Up@
Care - Winchester e ) L =
College Parko e :
District 7, Clark County, KY-627 MP7.4 '.""""‘f'r.-vk-
olby Rd Walmart Supercenter Current Ava. Speed: 25.87
Qidy Re e i : g
(89)
@ ’ "/
& @ -.‘
> o
KY i X p.
& B Ty,
© o %
o) > (v g @
> (o] (574) o
o Lm)

McClure's Lawn< —
and Landscape\

GO gle Keyboard shoreuts Map data ©2022 500 M b1 Termsof Use Report a map error
: 25.87 5.15 o . A —_ e
Current Avg. Speed  25.57 [ e Avg of Min Speeds Avg Speed of Max Speeds

Avg (
30.92 33.72 36.17



Work Zone Crash Summaries
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Work Zone Crash Impact

Milepoint
Jul 19, 2022 - Jul 19, 2022 - County: Franklin () - Road Name: I-64 NC [ - ® ®
— f:}, = E:E.S‘J'_.f_ — -
— ra All
(1472) LdJ
fiz7) 8PM  7AM
{50} -
e L64) 4 PM
(‘?) =
A 10..
) s 3AaM 9PM
(4 s Capital BOW|° L
“Dieess . \
“Sogheses 12AM 12PM AN
(1472) 1PM
':'E’:' » + 2 AM
(127) 8 AM
— 1AM
9 AM
Keyboard shortcuts  Map data 22022 Tarms of Use Report amap eror 2 PM 4 Al
11 PM
—_ . 11 AM
avgmpH  47.46 [ 6599 = % i
— Free Flow MPH  —— Current Avg MPH — 10
100 100
a0 a0
60 60
40 40
20 Jul 19, 2022, 3:40 PM 20
m Free Flow MPH: 69.94
Un. o o o e e e P P = Current ":‘""g MPH: 43 . P 0 - . - A a &
\Q\np:é_«;p:' .@0: \n}l@l',@;’ -q“():éf}"o:-, I’;S):L'\q .”pGS ~ L ;,b-"‘ ol Bt g ] il 9 ol et &.9‘6 }q_\ 9 B o oy P v;&‘\-b (3(‘\9 o
T T T T

B Tt et



TEAM il Questions?

KENTUCKY.

Tchemer Chris.Lambert@ky.gov
© axvrc @ChrisLambertKY
O okrero (502)229-7399

(@ @KYtransportation

° @KYtransportation

transportation.ky.gov
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Indiana Work Zone Analytics

darcy@purdue.edu

Government

Academia

/' IMPACT

Industry

27

PURDUE

UNIVERSITY.


mailto:darcy@purdue.edu

Darcy Bullock John McGregor Saumabha Gayen Daniel Saldivar Abdullah Nafakh Haydn Malackowski
Professor INDOT Director of Traffic Civil Engineering Mechatronics Engineering Civil Engineering Civil Engineering
Civil Engineering Operations

Jijo Mathew Justin Mahlberg Rahul Sakhare Howell Li Debbie Horton Jairaj Desai
Civil Engineering Civil Engineering Civil Engineering Computer Science JTRP Managing Director Aerospace Engineering
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Agenda

* Message

* Connected Vehicle Data

* Work Zone Safety Applications
 Weekly Work Zone Reports

* Pooled Fund Opportunity



Message

* Connected Vehicle Data is an important source of information
for identifying areas of interest

* Hard Braking is a good surrogate for crashes
* We can effectively map in real time queue lengths and duration

 Key applications of hard braking
e Back of Queue
e Critical areas in a work zone



Our vehicles know more about our roads than we do.
Connected vehicle data is particularly important for understanding and
managing construction work zone traffic.

Indiana ingests 11
billion connected
vehicle records a month
(in real time)
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One Hour of Connected
Vehicle Data from
Selected States

Okahars Cay

NEVADA

Lo Veous




Connected Vehicle Hard-braking is more
scalable and better than looking for skid marks




Hard Braking & 10 Mile Work Zone Queue
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[ Monday

Hard-braking Events _
Before Lane Shift
in Reg|on Of WZ By (Dec 2020 During Pandemic)

Mile Marker

HB Events

HB Events

HB Events

After Lane Shift
(May 2021)

[JTuesday [[] Wednesday [] Thursday [JljFriday [Jj Saturday [ Sunday

150+

| ———— B ==

150 151 152 153 154 155 156 157 158 159
[-65 N Mile Marker
()

1504

120+

90+

601

30+

150+

120+

90 1

60+

301

150 151 152 153 154 155 156 157 158 159
I-65 N Mile Marker
(b)

151 152 153 154 155 156 157 158 159
I-65 N Mile Marker
(¢)
Figure 17. Hard-braking events by 1 mile-segments along [-65 NB between MM 150 and MM 160.

(a) Monday, 21 December 2020-Sunday, 27 December 2020 (before); (b) Monday, 5 April 2021-Sunday,
11 April 2021 (during crossover); (c) Monday, 3 May 2021-Sunday, 9 May 2021 (after return to normal).



Relationship between hard-braking events per mile and crashes per mile

196,215 hard-braking events and 3,132 We can make operational
crashes analyzed over 23 interstate work 18 decisions in days with hard
zones 16 braking data that will
reduce crashes
14
- I crash/mile for every 147
12 hard-braking events/mile
(2]
- S 10
6 .
=
2 8
O . o
6 il I
4 . ? e .
2 e e y = 0.0059x + 0.7245
. SLe R? = 0.85
_ . 0 200 400 600 800 1000 1200 1400 1600 1800
Desai, J., Li, H., Mathew, J. K., Cheng, Y. T,, Hard-braking Events/Mile

Habib, A., & Bullock, D. M. (2021). Correlating
hard-braking activity with crash occurrences
on interstate construction projects in

Indiana. Journal of Big Data Analytics in
Transportation, 3(1), 27-41.
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Analysis of nearly 430 hours of queuing showed an
80% reduction in hard-braking events when queue
warning trucks were present

Sakhare, R.S., Desai, ].C., Mahlberg, J., Mathew, J.K., Kim, W.,, Li, H., McGregor, ].D.
and Bullock, D.M. (2021) Evaluation of the Impact of Queue Trucks with Navigation

Alerts Using Connected Vehicle Data. Journal of Transportation Technologies, 11, 561-
576. doi: 10.4236/jtts.2021.114035.
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Lane Shift Impact on Hard Braking Events
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Lane Shift Impact on Hard Braking Events
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Hard Braking & 10 Mile Work Zone Queue
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24-month Speed Profiles for

Indiana Interstates

Hours of Speed by Speed-Bin
Jan 2021-Dec 2022
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Message

* Connected Vehicle Data is an important source of information
for identifying areas of interest

* Hard Braking is a good surrogate for crashes
* We can effectively map in real time queue lengths and duration

 Key applications of hard braking
e Back of Queue
e Critical areas in a work zone



National Interstate Mobility Analysis

Additional Details at

Desai, J., Mathew, J. K, Li, H., Sakhare, R., Horton, D.,
& Bullock, D. M. (2022). National mobility analysis for
all interstate routes in the United States. West
Lafayette, IN: Purdue University.
https://doi.org/10.5703/1288284317585

National Mobility Analysis for All Interstate
Routes in the United States

August 2022
DOI: 10.5703/1288284317585

Jairaj Desai, Jijo K. Mathew, Howell Li, Rahul Sakhare, Deborah Horton,
Darcy M. Bullock

E PURDUE
UNIVERSITY.




Methodology for Monitoring Work Zones Traffic Operations Using
Connected Vehicle Data

Sakhare, R.S., Desai, J., Li, H., Kachler, M. A. and Bullock, D. M. (2022). Methodology for Monitoring Work
Zones Traffic Operations Using Connected Vehicle Data. Safety 2022, 8, 41.
https://doi.org/10.3390/safety8020041
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Figure 14. 1-65 NB around MM 154.4 at Manson and Colfax.
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DOI: https://doi.org/10.3390/safety8020041 )

Figure 15. Interquartile speeds for 0.1-mile segments during and after the lane shift on 1-65 NB.
(a) Speeds during the lane shift (Monday, 12 April-Sunday, 18 April 2021); (b) Speeds after the lane
shift (Monday, 3 May-Sunday, 9 May 2021).



https://doi.org/10.3390/safety8020041

Pooled Fund Study: Work Zone Analytics

Background & Impact

For the past 3 years, Purdue University and the Indizns Department of transportation have been
monitoring congestion and hard braking data across all 2600 miles of Indiana Interstates using
connected wehicle data. Figure 1illustrates one such report for 1465 that shows the impact of the 2021
construction activities on congestion.

However, hard braking data has been found to be even more insightful and is 3 modern day surrogate
for looking for skid marks on the road (Figure 2). For example, if one looks at hard braking connected
wehicle data shown in Figure 3, ons can s=e the horizontal line of hard braking at approximately M
154 4, the same location 2s the Figure 2 photo that shows the entry into the work zone and the skid
marks. Furthermore, one can visualize the impact of a crazh that occurred in the work zone at
spproximately 11:00 a.m., =nd the subsequent queue that extended spproximately 5.5 miles. One can
zlza see numerous hard braking at the back of the queue as fres flow traffic approached the queued
traffic and suddenly slowed.

Figure 4 provides a crisp example of how these hard braking can be used to identify specific locations
zlong a road that should be loocked at further by comparing the before construction (Figure 4a) with the
connected vehicle hard braking data during construction (Figure 4b).

Figure 5 and Figure & provide similar examples of specific work zone locations highlighted by a change in
hard-braking activity which were then mapped using drone imagery to identify contributing factors the
cause of the hard-braking.

Research Meed

Thase reports have evolved over the past 3 years in Indiana and there is 2 need to develop 3 multi-state
consensus an the maost effective reports. This will provide a framework to formalize the reporting
models, dets reduction processes and decision making process so these technigues can be scaled to
ather states so they can pro-actively identify emerging safety concerns in their work zones, conduct
effective after action reviews of past work zones, and ultimately identify best practices for future work
zones that minimize congestion, hard braking and ultimately crashes.

Research Tasks

1. Meet with panel members to review work zone anslytic reports that can be produced with
existing data was well as formulate pricritized list of desirable additions to those reports.
Developing a shared vision among multiple states will facilitate scaling this data and stimulate
engagement with the connected vehicle data providers. For example, hard braking is useful, but
thera may be some opportunities to adjust or provide variable hard braking thresholds.

2. Identify commercial probe data sets that are available and procure probe data for each
participating state. Data will include passenger car trajectories and passenger car hard braking,
and commercial truck trajectories. Thers are also emerging data sets

a. From trucks that provide hard braking 2nd lateral devistion.
b. From passenger cars that provide lateral devistion and lane marking guality.

3. Perform penetration anzlysis of connected vehicle data to understand how it varies by state.
There is brosd interest in ensuring that the connected vehicle data is representative and has
sufficient penetration to provids accurate performance messures.

4. Prepare weekly work zone safety and mobility analytics report for distribution to member
states.

5. Prepare weekly work zone change in hard-braking activity report for distribution to member
states.

&. Conduct monthly webinars with participating states to review their reports, highlight emerging
lacations of safety and mobility concerns, and compare and contrast emerging best practices.

7. Convens panel of participating states and key stakeholders to review the multi state
deployment of work zone reparts and to obtain consensus on recommendead dats items to
collect =nd the reporting format.

5. Prepare final report that summarizes research and has 2 recommended implementation plan for
states to deploy weekly work zone analytics.

Funding Request

This will vary depending upon what data the state already has sccess to and what we will have to
purchase for the Pooled Fund Study for Waork Zone Analytics.

Proposed Start Date
April 1, 2023

References

1. Mathew, LK., J.C. Desai, .5, Sakhare, W. Kim, H. Li, and DM, Bulleck, “Big Data Applications for
Managing Roadways," ITE Journzl, Institute of Transportstion Enginesrz, Februsry 2021,
https:/fwww.netbook.comyesreprints/I TEfite-journal-februany-2021 findex. php#p /28

2. Hunter, M., Mathew, LK. Li, H. and Bulleck, D.M. “Estimation of Connected Vehicle Penetration
on S Roads in Indiana, Ohio, and Pennsylvaniz.” Journal of Transpartation Technaologies, 11,
537-510. (2021) https:/{doicrg/10.4236/fjtts 2021 114037

3. Sakhare, R., Deszi, )., Mathew, )., McGregor, ). and Bullock, D. [2021) “Evalustion of the Impact
of Prezance Lighting and Digital Speed Limit Trailers on Interstate Speeds in Indiana Work
Zones," lournal of Transportation Techmologiss, 11, 157-187.
https://doi.org/10.4236//jtt=. 2021 112010

4. Mathew, LE., Desai, 1., Li, H. and Bullack, D.M. “Using Anonymous Connected Vehicle Data to
Evaluate Impact of Speed Feedback Displays, Speed Limit Signs and Rosdway Features on
Interstate Work Zones Speeds.” Journal of Transportaticn Technologies, 11, 545-560. {2021)
https://doi orz/10.4236//jtts. 2021 114034

5. Sakhare, R.5.; Deszi, ); L, H.; Kachler, M.A; Bullock, 0.0, Methodology for Monitoring Work
Zones Traffic Operations Using Connected Vehicle Data. Safety 2022, 8, 41.
hittps:/doi ora/10.3330/safetyB020041

https://www.pooledfund.org/Details/Solicitation/1592
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Opportunity to get involved

* Email us if you are interested in participating in a
Pooled Fund Study in this space

darcy@purdue.edu

https://www.pooledfund.org/Details/Solicitation/1592
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Mobility Performance




Why is it important to measure mobility performance in
work zones?

* Work zones often require changes to roadway configurations (lane width
and lane capacity reductions, diversions).

* These changes impact the mobility performance of the roadways
(increased travel time, bottlenecks, queues).

* Agencies design and implement various work zone strategies and
technologies to address/mitigate these mobility impacts.

* |dentifying, measuring, and quantifying the mobility measures will enable
agencies to assess the effectiveness of their work zone management
strategies.




Mobility Performance Measurement Examples (slide 1/4)
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How does the vehicle miles traveled per project vary across years?
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Number of work zone vehicle miles traveled per project
Source: Illinois Department of Transportation

Vehicle Hours of Delay per Project
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How does the total delay per project vary across years?
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Vehicle hours of delay per project
Source: Illinois Department of Transportation
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Mobility Performance Measurement Examples (slide 2/4)
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How many traffic congestion events occurred
on each facility type across the years?
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Interstate US Route lowa Route All Facilities
Facility Type
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Number of Events per Project

Number of traffic congestion events per work zone project
Source: lowa Department of Transportation




Mobility Performance Measurement Examples (slide 3/4

Average Daily Volume (Veh) - Construction Hours

[ I-84E8

Quarter Baseline Quarterly Difference

Mean
Jul- Sep 15 11259 8277 2081
Oct - Dec 15 11259 7124  -a134 [
Jan - Mar 16 11259 s154|  -e105 [N
Apr-Jun 16 11259 ec0s|  -4654 [
Jul- Sep 16 11259 es08|  -asso [
Oct - Dec 16 11259 6115 -s144 [
Jan - Mar 17| 11259 5637 -3012 [l
Apr-Jun 17 11259 g7 2175l
Jul- Sep 17 11259 oos3| 2175 [l
Oct - Dec 17 11259 7211|  -aoas [
Jan - Mar 18| 11259 e063|  -5196 [
Apr-jun 18 11259 6778 -aas0 [
Jul-Sep 18 11259 6302|  -4957 [
Oct-Dec 18 11259 3376|  -7883
Legend: I e congestion/mare diversion thru wz
mare congestion/less diversion thru wz

1-84 WB |
Quarter Baseline Quarterly Difference
Mean

Jul - Sep 15 11234 7464 3770
Oct - Dec 15 11234 sogo|  -5274 [
Jan - Mar 16 11234 siga|  -6os2 [
Apr-Jun 16 11234 es06| -as2: [
Jul - Sep 16 11234 e7a1|  -a403 [N
Oct - Dec 16 11234 6148  -sosc [N
Jan - Mar 17| 11234 ssse|  -2406 [
Apr-Jun 17 11234 ss2s|  -133s5[
Jul - Sep 17 11234 g00] -133s5[l
Oct - Dec 17 11234 9153 2081l
Jan - Mar 18 11234 7a3s5|  -3790 [
Apr-jun 18 11234 7081 -3253
Jul-Sep 18 11234 6273 -a061 [
Oct-Dec 18 11234 3686  -7543 [
Legend: I s congestionjmore diversion thruwz

more conges tion/less diversion thru wz

Average Daily Travel Time (min) - Construction Hours

| -84 EB 1-84 WB |
Quarter Baseline Quarterly Difference Quarter Baseline Quarterly Difference
Mean Mean
Jul-Sep 15 831 865 -034 Jul-Sep 15 7.45 568 173
Oct - Dec 15 831 7.24] 1.07 § Oct - Dec 15 7.45 5.56 1.59 [
Jan - Mar 16 831 571 260 § Jan - Mar 1§ 7.45 4.50) 295 [
Apr-Jun 16 831 6.10 2214 Apr-Jun 16 7.45 4.80) 266 [
Jul - Sep 16 831 7.87 0.44 § Jul-Sep 16 7.45 5.36 200
Oct - Dec 16 831 6.69 162 § Oct - Dec 16 7.45 539 2070
Jan - Mar 17] 831 6.86 1.45 § Jan - Mar 17] 7.45 5.26) 220 0
Apr-Jun 17 831 6.83 1.48 § Apr-Jun 17 7.45 5.40) 2.06 N
Jul - Sep 17 831 6.76) 1.55 § Jul - Sep 17 7.45 4.95 251 [
Oct-Dec17 831 3.58 473 § Oct- Dec 17 7.45 521 225 [
Jan - Mar 18 831 336 4.95 § Jan - Mar 18| 7.45 4.93 253 [
Apr-Jun 18 831 321 510§ Apr-Jun 18 7.45 ag3 262 [
Jul-Sep 18 831 3.97 4.34 Jul-Sep 18 7.45 531 214 [N
Oct-Dec 18 831 2.03 6.28 § Oct-Dec 18 7.45 4.65 2.50 [
Legend: - reduced travel time thruwz Legend: . reduced travel time thruwz

incres ed travel time thruwz

Incresed travel time thruwz

Comparison of daily volume during
construction hours
Source: Connecticut Department of Transportation

Comparison of daily travel time during
construction hours
Source: Connecticut Department of Transportation
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Monthly mobility report example comparing travel speeds in work zones
Source: Ohio Department of Transportation




Mobility Performance Measures

* Conventional Measures—Traditional Data:
* Total delay

* Delay per vehicle

* Number of queuing incidents exceeding the agency’s mobility policy
* Duration of queues

* Number of traffic congestion events per million work zone vehicle miles traveled
* Percentage of traffic experiencing work zone congestion or delays

* Measures—Emerging Data:
* Number of jams; total jam delay (Waze™)

* Jams during crashes (within crash locations and timeframes); crash-jam-related delay




Survey Responses: Mobility Performance Area (slide 1/2)

Does your work zone policy have a Mobility Data Collected
defined mobility measure?
Volume 10
Speed 11
Yes (please specify) 6 Travel time 10
Queue length 6
No v Congestion events
Other (please specify)
0 1 2 3 4 5 6 7 8 é) 2 4 6 8 10 12 14

6 out of 13 respondents mentioned that their agency’s work zone policy has a defined mobility measure.
States have access to traditional and emerging mobility data, and advanced analytical tools. Filtering
mobility data specific to work zones require data integration and processing.
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Survey Responses: Mobility Performance Area (slide 2/2)

Do you filter your mobility data to Do you use your mobility data to
your work zones? quantitatively assess your work zones?
Yes 7 Yes 4
No 6 No 9

7 out of 13 respondents indicated that their agencies filter mobility data specific to work zones. 9 out of 13
respondents indicated that their agencies do not use mobility data to quantitatively access work zones.
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lowa DOIS Iraffic Critical Program

2N L ) Aampactingiworkizones

with

= Plan
= Monitor Performance

= Provide Alerts
= Feedback
- earn
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lowa DOT’s Traffic Critical Program

* Traffic Incident Management Planning

* Work Day Restrictions (Day of Week / Seasonal)
* Limited Working Hours / Night Work

e Public Information (PI) Plan

* |nnovative Contract Provisions (Lane Rental)
* Accelerated Scheduling

* Work Zone Length/Area Restrictions

* Intelligent Work Zones (1'\//7)

lowa SIATE UNIVERSITY ReécTOSl  (IOWADOT




Sensors

Cameras

Dynamic Message Signs
Truck Entering System
Bluetooth Sensors




Work Zone Performance
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Started Performance Monitoring in 2014

Work Zone
Performance

Office of Traffic Operations Performance Report
Reporting Perlod: September 6- September 19, 2016
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Goal:
Accessible timely data and
information for critical decisions l 1 1

lowa STATE UNIVERSTY ReecTof]  (IOWADOT



Turning data...

This XML file does not appear to havgans

associated with 1t. The document tree

v<trafficDetectorData
w¥mlns:xsi="http://www.w3.
xmlns="http://wew. dummy - tg
xmlns:lrms="http://www.du
xsi:schemalocation="http:
C:hvtemp\test\Detectors.xsd
<owner-1d>TADOT-SIMS</ 0w
<network-id>IADOT-SIMS</
¥<collection-periods>
¥<collection-period:>

b e 1 Northbouna

Saturday

Avarage
Monday Speed
67.5
66.9
65.6
58.6

v <detection-time-stam g?i
<local-date>2081609 75.2 g
<local-tim=>1218204 66.3 3
<utc-offset>-8500< LA

</detection-time-stamp> 724 3
<start-time>121828</start-time> 708 3
<end-time>121848</end-time> 724
v <detector-reports> 73; e
¥ <detector-report> ) “'
<detector-id>I-74 NB from Ave of the Cities i:
t</detector-id> Average | 35
¢<status>operational</status> g |
¥ <lanes> e6s | "
¥ <lane> 57.1
<lane-id»1</lane-id> 2,3? 5
<count>»2</count> 625 3
<wolumes2</volume> 69.3 ]
<occupancy»l</occupancy> ?g:g %
<speed>»35</speed> /a4 s
v ¢classes>
¥ ¢class>
<class-id»Small</class-id>
<count>2</count?
<volume>2</volume>»

...into decisions

Institute for Transportation

IOWA STATE UNIVERSITY R_,c, CT0 ] @lOWA DOT




Web Based Visualization Tool

* Work Zone Map
Weekly Performance

 Daily Performance

* Speed Heatmap

* Hourly Volume

* More added as needed

IOWA STATE UNIVERSITY

Institute for Transportation
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Work Zone Map

IWZMap Weekly Performances = Daily Performances Speed Heatmap | Hourly Volume

i e NS IowéﬁOT‘frré#Ié C.r‘i.tlcal Work Zones\\ o/ Interactive Tool
S saee SR
> \ '_ S / . -1 g d 3.2 -i
£ . Overview of all Intelligent Work
= Zones across the state
Rt : e Map shows location of all IWZ
\\ \ 1 work zones
Wy aiS= =Nat 5
i f‘;@ ] § LR B List on the side shows the project
reied i UERE St TCP number. Hovering over the
1 f-.k o ST I project number will highlight the
AU R 1.9 Z’ AR project on the map (see next
e — slide)
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Weekly and
Daily
Performance

IWZ Map | Weekly Performances | Daily Performances | Speed Heatmap | Hourly Volume

CURRENT
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Average Queue Length

WEEKLY PERFORMANCE "
WORK ZONE 1am

1 =7 \WEEK P Ausust 28, 2018 to September 2, 2018

i Week Filter
Last 8 weeks

g
=05
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*The queue exceeded the farthest traffic sensor (around 3.7 miles) twice. From 11:10
am to 11:55am and from 2:45pm to 3:55pm.




Speed Heatmaps
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IWZ Map = Weekly Performances = Daily Performances
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Work Zone Crash Performance

Work Zone Locations | Damage/Severity  Time @ Roadway Conditions ' Driver Information | Work Zone Related | Crash Map
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Alerting

* Machine Learning Decision Boundaries to identify
slow and stopped conditions

e Alert DOT for significant events and minimize false
calls

e Normal
e Slow Traffic Ahead

» Stopped Traffic
Ahead

0 10 20 30 40 50 60 0 10 20 30 40 50 60
Occupancy Occupancy
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£-35/80 @ 860N 41 (OWIVIY) S4/19/0008 02400
- 135780 @ S4nh st (CUTVIY) 04/19/2018 .57
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Work Zone Congestion Alert
1-80/35 WB @ MM 128.4 - Congestion Cleared

1291 I-80/35 WB
Began: 6/19/2018 10:18 AM Duration: 34 minutes

Current Speeds: 15 mph Project Name: Project 1j

Speed (mph)

Project Name: Project 1 :
EventID: 1416 EventiD: 1416

v
limestamp
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Next Steps Connected Vehicle Data

Hard Braking m - Month .l_SDW

N /\/x\ Hard Braking and Trajectory Data
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ABORATORY

Using RITIS for Work Zone Performance

Management and Reporting '

&® FHWA WORKSHOP

Data-driven Work Zone Performance Management | March 23, 2023



Coverage Areas for Today

Work
Zone
Performance
Monitoring

S I(‘

Causes of RITIS
Congestion Graphs Performance Reporting
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RITIS -the Regional Integrated Transportation Information System - is:

* A big data aggregation and T N gha
- f At amp ) v o o s v
dissemination platform k@ ey
ve"'c'e Data 7 3 »‘ == ) First Responder/CAD  ATMS & 511
* Used for situational awareness, data ? ﬁ }’ \g / Sosence

i - - N m
archiving and deep-dive analysis m
il ip, an O O

 Has over 10,000 users in 45 states \/\ /\_/
RITIS
Fusion & DSS

B i H e
A RITIS User Group was formed to: - o & —
Monitor fd_@q‘ S
. Systems | $ e l : I Detour ahead i e.‘ : Prioritize
> Share best practices o %o o= - Investment
_.‘_ > e mmend o Decisions
> Learn about the latest features S s m < B cyaluate
Operational g Safety/Mobility
> Suggest improvements RERGEHCE : Improvements
Click here to get information from past RITIS User Group meetings Click here to learn more about RITIS
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https://ritis.org/
https://tetcoalition.org/projects/ritis-pda-suite/

What is the Work Zone Performance Monitoring Application?

> WZPMA is a real-time performance
monitoring tool for work zones

> |t offers a simple, effective and systematic
approach to assessing and managing work
zone impacts of roadway projects

> It uses vehicle probe data and active work
zone information

FHWA | Data-driven Work Zone Performance Management Workshop | March 23, 2023



WO rk ZO ne Da S h boa rd provides a comprehensive overview of your state’s work zones

CURRENT WORK ZONES TOP CRITICAL WORK ZONES 5
# OF NEARBY QUEUE USER DELAY QUEUE USER DELAY
REGION/EVENT INCIDENTS LENGTH (MI) COST (S) SEVERITY/EVENT LANE STATUS LENGTH (MI) COST ($)
+ District of Columbia (3) 39 0 $0.5M I « Critical (6) 19.6 $0.4M
v Florida (404) 9725 0 50.3M ® Roadwork on |-78 eastbound between Exit 49A: PA 100 SOUTH - TREXLERTOWN and Exit 51: US 22 EAST / TO 1-476 / TO PA-309 NORTH / PA TURNPIKE / L. . 3.6 56.8BK

+ Georgia (57) 444 0.1 $2.2M @ 164 west @ M 294500 UMl 11| 2 e
~ Maryland (66) 211 4.3 $0.3M @ 164 west @ M 294500 UMl 11| 2 e
~ Anne Arundel (4) 67 1.2 $23.5K @ 164 west @ M 294500 UMl 11| 2 e
@ 1D 173 NORTH/SOUTH BET.. - b | 5457 @ 181N north @ i 164.000 Ui 1l — 22 7
@ 11D 258 WEST AT SOUTHERN.. 5 0 51.9K @ 181N north @ i 164.000 o . . S — 2 s

@ MD 174 EAST BETWEEN OLD... - 0 541 ~ Major (3) C r‘lt I Ca I/M aJ O r Locat I O n S 6.1 $23.0K

]
@ 1-895 SOUTH - SOUTH OF EX.__ 62 s \ S21.1K @ 1-95 2.2 501
~ Baltimore (16) 43 0 $25.4K ® Roadwork on |1-81 northbound between .4 miles south of Exit 168: HIGHLAND PARK BLYD/WILKES-BARRE and .6 miles north of Exit 168: HIGHLAND PARK __ _ 2 512K
! e
@ 1-695 INMER LOOP AT EXIT 1. = 0 = @ Roadwork on |-81 southbound between .6 miles north of Exit 175B: PA 315 NORTH - DUPONT and .2 miles north of Exit 175B: PA 315 NORTH - DUPONT. T_. e 1.9 510.6K
]
@ 1-95 NORTH PAST EXIT 67A _. . | 544

% Overview List

@ 1-695 INNER LOOP AT EXIT 1. : .
0 WORK ZONE LOCATIONS USER DELAY COST BY CORRIDOR AND DAY OF WEEK

@ MD 140 NORTH BETWEEN C_.. . ; .
'[-)' = Total User Delay Cost

-695 INNER LOOP FROM EXI_

@ 1695 INER LOOP FROM X s 1270 (MD) | 195(MD) | 1495 (MD MD-32 (MD! Daily Totals

@ 1-95 SOUTH FROM SOUTHW... 7 0 $2 Wed 7719 $147.1K $320.7K $787.2K $43.2K $1.3M

@ 1-95 SOUTH FROM EXIT 47A-__ H | 53.8K Thu 7/20 $145.6K 5898.1K $45.4K $2.0M

@ |-695 EAST BETWEEN YORK 1 H Fri 7/21 $62.9K $198.6K $791.3K 526.2K S1.1M

@ MD 700 EAST/WEST BETWE... H sat 7/22 7K §635.8K

@ 1-695 INNER LOOP BETWEEN_. 5 - 519 Sun 7/23 D e I ay/co St/V M T K $574.8K

@ BALTIHORE COUNTY: 1695 1. 7 H | 54 Mon 7/24 e e ----0K $843.5K

@ some conm D65 ] 2 , S35 Tue 7/25 $171.4K $80.8K $38.4K $870.9K

@ oo o : TR s | ssoc EECTEN) s EECEN
- ) Grand Total:

® 1-895 NORTH-NORTH OF I-6__ 9 g X Corridor Totals $889.3K $2.1M $5.4M $238.8K

~ Baltimore City (5) 8 0.8 $2.6K | -
> BALTIMORE CITY: 1-895 NOR... - | 5° | 5891 Weekend  Lowest Highest  No Data
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Individual Work Zone Profile provides individual work zone performance detail

Planned Closure @ I-695 INNER LOOP BETWEEN EXIT 12 MD 372 WILKENS AVE AND EXIT 13 MD 144 FREDERICK RD Started: Thu, Apr 24, 2014 at 09:24:56 AM

TRAVEL TIME THROUGH WORKZONE Ol
LINNERLOOF+ 1t OUTER LOOP Tl o Through the Wark Zone

Queue Length

SETTINGS

CURRENT CONDITIONS

Data Type...
Measured Speeds

@ Comparison to Historical Average

Show...
Y] Work Zone Bounds

Travel Time
Speed
Posted Speeds

el

¥| Associated DMS
] Nearby Cameras
V]

Nearby Incidents
Lane Status

Performance Charts

¥| Bottlenecks (when available)

5 miles upstream

5 miles downstream }
Permit Information

Project Information
Site Details

Configure Alerts

Settings

Thu 04/17/2014 Fri 04/18/2014 Sat 04/19/2014 Sun 04/20/2014 Mon 04/21/2014 Tue 04/22/2014 Wed 04/23/2014

USER DELAY COST

WORK ZONE LOCATION

Total User Delay Cost

56.17 §29.46 o a $127.06 $50.00 _

.. Delay/Cost/VMT ..
52.46 548.75 5$788.33 5$103.20 5$899.54 5§131.35

5264.46 §1,819.65 52,675.70 5189.00

$477.24 513 993.07 516 213.27 $80.23 §43,310.14

o ““ o “- G;g,‘;;r;}g

Weekenn Loweest Hi ghesl No Data

L

-1 JIPH I1Z ) 55
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Work Zone Alerts gives you maximum flexibility in setting up personalized alerts

Fill out each section to set up an alert for this work zone.

1. Event conditions ——@: s

#| An accident happens near this work zone.
Within | 1 mile(s) upstream or | 1 mile(s) downstream

#| There is a bottleneck that's head or queue includes this work zone.
Keep in mind the formula for determining bottlene nditions

#| Alert me only when the queue upstream from the work zone exceeds | 1 mile(s)

#| Speeds in the work zone fall below or exceed a certain range.

# When speeds fall below | 45 mph

#| When speeds rise above &0 mph

Alert me when speed is out of range for longer than 5 minute(s)

Alert me when speed returns within range for longer than 5 minute (s)

2. Alert notification type ————@=z eremetr.

#| Send me an email
Alert will be sent to your account email: jellen35@umd.edu
#| Send me a text message

Enter your phone number | xooc-xxx-1085 Verizon Wireless v

3. Alert timeframe ——@: ermewien.

Time zone

US/Eastern v

Time period

o (o [ [ & ]su]  Hours of day: 4:00 PM to 7:00 P [ %
2 | s ufnl X |\.;ﬁ, | . | L4 | sat | Hours of day: 6:00 AM to 9:00 AM [ %

Select days of week

5U“|an Tfn \.'\S\idl‘[i Ff|5*1|
Select hours of day
12 AM & AM 12 PM & PM 12 AM
[ | ]

[(6:00 AM | (9\:00 AM |

-+ Add time period |

| Create alert
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Causes of Congestion Graphs live demo

Congestion Causes for the National Highway System (NHS)

Time Aggregation | Year ~ | | 2019 ~

View | States

Sort By | State Name

m
(]

Sources of Disruption Nationwide 2019

No weather radar data was included for the states of AK and HI

$45.84b User Delay Cost
1.75b Vehicle Hours of Delay

W Recurrent sSignals
Incident W Holiday
W weather

Incident & Weather

Work Zone Signal & Weather

W incident & Workzone
Recurrent & Incident
Other Multiple Causes

unclassified

Alabama 2019

$361.88m User Delay Cost (0.8% of US)
13.83m Vehicle Hours of Delay

_‘_/

Arizona 2019

$541.75m User Delay Cost (1.2% of US)
20.70m Vehicle Hours of Delay

’/

California 2019

View Counties | Alaska 2019
Nowe ather radar data was incuced n the AK analysis

$39.63m User Delay Cost (0.1% of US)
1.61m Vehicle Hours of Delay

View Counties | ArKansas zo1s

$145.80m User Delay Cost (0.3% of US)

5.57m Vehicle Hours of Delay

View Counties Golorado zo1s

®

View Counties

View Counties

View Counties

Select state to view counties w
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Work Zone Performance Reporting

Work Zone Reporting Templates ® Automated Work Zone Reporting

FHWA | Data-driven Work Zone Performance Management Workshop | March 23, 2023



RITIS Performance Reporting Templates

The RITIS Templates page — spearheaded
by the RITIS Performance Reporting
Working Group — provides a gallery of
performance reporting packages for a
variety of agency applications.

Each report package contains:

A base template

Design resources

Agency use case examples

Links to video tutorials of RITIS tools
Design recommendations

A step-by-step how-to guide

We’re continually updating the gallery
with new reporting packages and
additional use case layouts.

Templates

This template gallery provides performance reporting examples you can download and use - with output from RITIS tools and

your own content - to crea

. PROJECT ASSESSMENT REPORT
% AFTER ACTION REVIEW
Create an after action review of @ major incident

ssional, easy to understand reports. To get sta rted, c

earn more about each type of report. how they were created and access a fully editable

CORRIDOR PERFORMANCE REFORT

k on any of the report icons below to

C
PowerPoint™ template file.

MONTHLY CONGESTION REPORT

ﬁﬂ TOP 10 BOTTLENECKS REPORT

- Create 8 report that summarizes the top 10
bottlenecks in your area
- DOLTENECcKS IN Your area.

HOLIDAY TRAVEL FORECAST
L0 0 ] - o _
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https://learn.ritis.org/reports

RITIS Work Zone Reporting Templates

The RITIS Performance Reporting Working Group will be developing Work Zone reporting products as our next task

Weekly Work Z@

Improvement Type

Rehabilitating the Harbor Tunnel
including repairs to the tunnel portal,
approach ramps & walls, deck and tiles

Police Enforcement
Yes

Lane Status

Devices

(7.3mi upstream/5.6mi downstream)

8 DMS (4 NB/4 SB)

4 CCTV (3 NB/1SB)
Operation

NB bore closed; 2-way traffic
through SB bore

2 Hours
of Delay

(total)

(total)

(total)

| =

Southbound Northbound Hours
I 24/7
WEEKLY PERFORMANCE
o Bl B B3
Measure
v Sun Mon Tue
05.05.19 05.06.19 05.07.19
g5y Longest 1.9mi 2.5 mi 2.7 mi 3.4 mi
B backup @7:14PM @4:31PM @5:05PM @5:15PM
™ Slowest 7.2 mph 6.8 mph 4.5 mph 8.2 mph
N speed @5:24PM @4:27PM @5:15PM @4:52PM
@ Longest 5.1min 6.3min 7.2min 5.8min
= traveltime @6:05PM @5:02PM @ 4:47PM @3:59PM
== Delay $2,907.54 $3,546.77 $3,844.24 $2,938.98
[am)| cost (total) (total) (total) (total)
132hr 156hr 169hr 127hr

(total)

Worst performance for the week

Posted Speed
45 MPH

Posted WZ Speed

Actual Speed
22 MPH

Thu

05.09.19

3.2mi
@4:37PM

4.0 mph
@6:24PM

7.5min
@6:24PM

$2,511.23

(total)

109hr

(total)

Fri

05.10.19

1.9 mi
@3:57PM

5.1 mph
@ 4:04PM

6.6min
@4:11PM

$2,942.34

(total)

129hr

(total)

3.0mi
@6:45PM

7.1 mph
@6:33PM

5.2min
@5:12PM

$3,812,11

(total)

170hr

(total)

. Maryland
Transportation
MDTA Authority

€

26/17 mph

R

ASSESSMENT

Baltimore Harbor Tunnel Rehabilitation

(1-895 North/South at MP 9.4)

Speed
+11% [ +6%

Change in AM / PM
peak hour speeds

This week

29/18 mph

Lastweek

Total Delay
-2.4%

Change in 12 PM —4 PM
hourly totals

293h | 286h

Lastweek ’ This week

Performance trends

Week 3 | May 5th—11t2019

Travel Time ©
-8.5%

Change in weekday

travel time
Lastweek | This week
7m7s | 6m 32s

=

Delay Cost
-1.5%

Change in 12 PM -4 PM
hourly totals

Lastweek | This week

$6.7K | $6.6K

Overall, Week 3 work zone impacts were less, when compared to the previous week. As with the previous week

The most significant impacts occurred during the 12 PM to 4 PM period.

Nearby incidents (1 mile upstream and downstream from the work zone) totaled 53 to date, with 13 this week, compared to 14 last week, a drop of 7.1%.

Maximum queues to date stretched for 5.0 mi, with a max queue of 3.4 mi this week vs 2.7 mi last week, a significant 25.9% increase.

Cumulative user delay cost for the week amounted to $22,230.
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TOp 10 RITIS Priorities (from a RITIS User Group survey)

The RITIS Enhancement Working Group — a pooled fund-like group formed to fund RITIS
enhancements — sees Automated Work Zone Reporting as a highly-desired feature.

50
40
30
20
10
0
Causes of Congestion Speed Tile Layer Customization & Automate Work Zone Import Your Own Search Options Multimodal Data Safety Data Analytics Aerial Road Weather Tiles
Pie Chart Options Filtering of Map Reporting Layers on Base Map for EQT Photography/Satellite
Features Views
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Automated Work Zone Reporting IN PROGRESS

We’ve kicked off the scoping study design process w/partners from the RITIS Enhancement
Working Group to determine the Level of Effort for AWZR:

Scoping Study Design Process

User Needs User Review User Review Analysis of
Discussion of Designs & of Designs & Alternatives & .
(Completed User Needs User Needs User Review Review of
01.18.23) Clarification Clarification of Designs LOE
Funding &
Go / No-Go
Decisions
CATT Lab CATT Lab CATT Lab CATT Lab CATT Lab
Internal Internal Internal Final Design Software &
Design Design Design Cleanup Architecture
Iterations Iterations Iterations Team Review
‘\ ‘\ ‘\ Level of Effort
C_) C_) C_} (LOF)
Estimation
In Progress...

FHWA | Data-driven Work Zone Performance Management Workshop | March 23



Work Zone Reporting categories/Elements

Here are some early-on report categories & elements under consideration for both template and auto reporting:

Performance Measures

Work Zone Profile

Location (Map) in relation to the city and DMS used to
message the work zone + detour routes

Spatial length of the work zone

Duration of the work zone (operating hours)
Work type (repaving, guard rail repair, etc.)
Lanes impacted

Types of countermeasures deployed (barrels, arrow board,
police, HAAS, etc.)

Number and type of incidents/fatalities within
work zone

Number and type of incidents/fatalities within
queue (may not be possible)

Hourly speeds, delay
Maximum and average queue length; duration

Maximum and average travel time/planning time index
through work zone compared to typical

Cost of congestion compared to typical cost of congestion

Agency-added/Misc.

A block for a brief explanation of key aspects (trends,
operation, special event) of the work zone
Weather-related information

Crash-related information

Daily, Weekly, Monthly and/or Life of Work Zone
reporting periods

FHWA | Data-driven Work Zone Performance Management Workshop | March 23, 2023



Thank you!

/ ,”f.’/ ' / z
7 L
.

‘.s‘ w‘\ Mark L. Franz, Ph.D. John C. Allen
1"_;’ / Asst. Research Engineer Outreach & Education
;j/" , @@@@T@@w mfranzl@umd.edu jallen35@umd.edu
www.cattlab.org 301.314.0422 215.666.3057
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Agency Efficiency




Why is it important to measure agencies’ efficiency in
implementing work zones?

* Transportation agencies invest considerable resources to design, plan, and
implement work zones to improve motorist safety and access on their
roadways.

* Evaluating and quantifying the efficiency of the work zone agencies in
Implementing the work zones in comparison to the agency goals and
policies will enable the work zone agencies to gauge and drive investment
decisions.




4

Agency Efficiency Performance Measurement Examples (slide 1/2)

. Category Interstate U.S. and County City Road
Work Zone Traffic lowa Route Road
Control Strategy 2018 | 2010 | 2018 | 2019 | 2018 | 2019 | 2018 | 2019

Lane Closure Ballasting v v v v v v v v
Cleanliness v v v v v v v v
Crashworthiness v v v v v v v v
Sheeting v v v v v
Positive Closure v
Location/Spacing v
General Condition v v v
Retroreflectivity v v v

Dynamic Message Sign Appropriate Messages v
Display v v v v v v
Lateral Offset v v v v v v v
Location v v v v v
Proper Operation v v v v
Visibility v v v v v
Warranted v v v v v

Work zone traffic control strategies receiving an exceptional or acceptable rating for more
than 75% of reviews
Source: lowa Department of Transportation




Agency Efficiency Performance Measurement Examples (slide 2/2)

70000

60000

50000

40000

w
o
o
o
o

20000

Number of Enforcement Hours

10000

Year

~2017 #2018 =2019 112020 12021 = =5-Year Average

Number of enforcement hours in Illinois work zones
Source: Illinois Department of Transportation




Agency Efficiency

* Measures:
* Work zone field review ratings (acceptable versus unacceptable)
* Project completions on schedule

* Project costs (actual versus planned)

* Number of enforcement hours per work zone




..".f"

Survey Responses: Agency Efficiency Performance Area
(slide 1/2)

Do you use agency efficiency data to Agency Efficiency Data Collected
qguantitatively assess your work zones?

Field review ratings 7

Actual vs planned costs 6

Yes 2
Actual vs planned schedule 8

Law enforcement hours 7

No 11
Other (please specify) 4
0 2 4 6 8 10 12 14 0 2 4 6 8 10

11 out of 13 respondents indicated that their agencies do not use agency efficiency data to quantitatively

access work zones.




THANK YOU!

Questions?

105




Additional Resources

* Federal Highway Administration Work Zone Management Program

* https://ops.fhwa.dot.gov/wz/



https://ops.fhwa.dot.gov/wz/

Contact Information

Jawad Paracha
FHWA Office of Operations
Work Zone Management Program

Jawad.paracha@dot.gov
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