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EXECUTIVE SUMMARY

In 2004 the Federal Highway Administration (FHWA) amended its regulation that governs
traffic safety and mobility in highway work zones. The updated rule requires agencies to:

e Collect and analyze safety and mobility data to manage the work zone impacts of
individual projects during construction; and

e Improve overall agency processes and procedures related to work zone safety and
mobility.

In 2010 the Maryland State Highway Administration (SHA) and Federal Highway
Administration (FHWA) jointly assessed SHA’s Work Zone Safety and Mobility Program.
FHWA’s final report noted that SHA was not meeting the requirement of the aforementioned
FHWA regulation in the area of work zone data collection. To help SHA meet these
requirements, the University of Maryland developed a Work Zone Performance Monitoring
Application (WZPMA\) that uses third party probe data for real-time monitoring and evaluation
of work zones. The WZPMA was developed in partnership with SHA and FHWA, and it is now
included as a tool within the Regional Integrated Transportation Information System (RITIS).

The benefits of the developed WZPMA include:

e Assisting on-site monitoring of work zone impacts by providing real-time estimates of
delays and queue lengths, information on incidents blocking travel lanes, and feedback on
the effects of lane closures.

e Satisfying the requirements of the FHWA work zone regulation in the areas of work zone
data collection and monitoring.

e Providing a cost-effective method of work zone data collection over fixed-sensor data
collection at individual work zones statewide.

e Providing a programmatic means of evaluating work zone performance through the
RITIS system, which enables both project-level and program-level evaluations.

This report provides an overview of the methodologies investigated to compute various
performance measures shown in the WZPMA. It also includes an example application of work
zone performance measures for a maintenance project along I-70. Lastly, the report provides a
detailed overview of the WZPMA, including a user guide and screenshots of the final product.
The WZPMA is a tool now available for use within RITIS. For access go www.ritis.org .


http://www.ritis.org/

1. INTRODUCTION

On September 9, 2004, the Federal Highway Administration (FHWA) amended its regulation
that governs traffic safety and mobility in highway and street work zones (23 CFR Part 630). The
updated rule requires agencies to collect and analyze safety and mobility data to manage the
work zone impacts of individual projects during construction and to improve overall agency
processes and procedures related to work zone safety and mobility. During the summer of 2010,
the Maryland State Highway Administration (SHA) and FHWA undertook a joint process
assessment of SHA’s Work Zone Safety and Mobility Program. FHWA’s final report, which was
issued in December 2010, noted that SHA is currently not meeting the requirement of the
aforementioned FHWA regulation in the area of work zone data collection. The report
recommended that SHA investigate new methods of collecting and documenting work zone
crash and operational data. Additionally, the report recommended that SHA work with other
offices within SHA, such as Office of CHART (Coordinated Highways Action Response Team)
and ITS Development, to investigate new opportunities for data sharing, and work with the
University of Maryland to research the potential use of real-time speed data from INRIX
(INRIX, 2015) to improve State processes and procedures.

Under this project, the University of Maryland, in partnership with SHA and FHWA, developed
a Work Zone Performance Monitoring Application (WZPMA) that was built upon research that
examined the use of third party probe data for real-time monitoring and evaluation of work
zones. This foundation research started in 2012 and resulted in:

1. Verification that third party probe data can be used to monitor real-time work zone
performance and provide a basis for analyzing historical work zone performance;

2. Development of methodologies for calculating work zone performance measures and
triggering real-time queue warning “Alerts”;

3. Example output of performance measures based on existing work zones;

4. Development of a prototype graphical user interface “dashboard” for work zone
performance measures; and

5. Gathering of SHA technical input on the prototype “dashboard”.

The above findings of this research are also included in this report to help understand the
methodologies behind WZPMA. The WZPMA was envisioned as a tool enabling users to
quickly and easily monitor and assess real-time performance monitoring for work zones using
data available through the Regional Integrated Transportation Information System (RITIS). The
envisioned functionalities included:

e Assisting on-site construction project managers in monitoring work zone impacts by
providing real-time estimates of delays and queue lengths monitoring, information on
incidents blocking travel lanes, and feedback on the effects of lane closures. This
information could be used by the Districts as a basis for modifying lane closure schedules
or investigating high crash locations.



e Satisfying the requirements of the FHWA work zone regulation in the areas of work
zone data collection and monitoring.

e Providing a cost-effective method of work zone data collection. The use of this tool
would offer significant cost savings over fixed-sensor data collection at individual work
zones statewide.

e Providing a programmatic means of evaluating work zone performance. The RITIS
system would provide real-time work zone data for project level evaluations and offer the
ability to query archived data for program level evaluations. The Office of Traffic and
Safety would be able to use this tool in their bi-annual Work Zone Safety and Mobility
Process Assessments.

e Developing a National Model for state transportation agencies seeking cost-effective,
real-time monitoring of work zone impacts. The case study developed by FHWA and
prototype tool would garner national attention, spotlight the work zone data collection
and monitoring efforts at SHA and serve as a model for other state departments of
transportation.

2. METHODOLOGY

This section first provides an overview of how work zone performance measures could be
extracted from third party probe data and included in the development of the WZPMA. Second, a
simple system is proposed to alert users about the build-up and propagation of congestion in the
work zone based on the real-time speed data. Third, archived third party probe speed data dated
back to May 2012 are analyzed and proposed measures are calculated for four work zones on I-
70 westbound near Frederick, MD.

2.1. Work Zone Performance Measures

The performance measures overviewed in this subsection are primarily based on the guidelines
published in a primer on the subject (Ullman, Lomax, & Scriba, 2011). The proposed measures
are categorized into three different groups: Exposure, Safety, and Mobility. The exposure
measures require volume and site related data, while safety measures are based on crash and
incident data. Mobility related performance measures, the main focus of this project are
primarily based on speed data, with additional information provided by volume data. Mobility
measures are further divided into two subgroups: Delay and Queuing.

2.1.1. Delay

Delay is defined as the excess time a vehicle spends in the segment beyond what it would have
spent under free flow conditions. To calculate delay (d;) on a segment (i) , travel speed (V;),
reference speed (Vx,), and segment length (L;) are needed. At any given time, delay (D) on a
path composed of several Traffic Message Channel (TMC) segments can be simply calculated as
the sum of delays (d;) on each individual TMC segment during the same time period.
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2.1.2. Congestion

Congestion is defined as a situation where measured speeds (V;) have fallen well below reference
(Vz,;) and historic speeds (V ;) corresponding to the same segment and time period.

100
free — flow, otherwise

a
{congested, if (Vi <=+ Vri) AND (V; < V1)
Due to the nature of speed data and the research team’s past experience, it is suggested that a
higher factor (a = 80%) be used in defining whether a segment is congested or not. This is a
more restrictive standard than what is currently being used in RITIS (0=60%).

Figure 1 illustrates Level of Service (LOS) definitions given by Highway Capacity Manual
(HCM) for a basic freeway segment. Depending on free-flow speed, congestion sets in (LOS F)
when speeds fall to the 50 mph level and below.
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Figure 1: Level of service definitions for a basic freeway segment (Source: HCM 2010)

It should be noted that 50 mph is about 67% and 91% of the freeway free flow speeds of 75 mph
and 55 mph, respectively (y < 0.67~0.91) (see the following paragraph for definition)- The
HCM definition assumes a homogeneous and uniform operation throughout the segment. In this
application, however, it is desirable to define that a segment is congested even when it is only
partially congested. Assume a segment with length L is operating with speed V under both



uncongested (length L,, free flow speed v; = v;) and congested (length L, speed v, < vy)
modes. Then average speed is:

L
L L,
T

V =

Substituting L, with L — L, in the above equation, dividing both sides by free flow speed (v;)
and factoring out segment free flow travel time (UL—)

v 1
ve L,
L. T
L " V2

Vr

To further simplify the presentation of results, above equation can be re-written as

where,

a= % is the ratio of segment speed to free flow speed

p = LL—Z is the ratio of segment length which is congested, and

Yy = :—2 is the ratio of speed to free flow speed at congested part of segment.

f
Figure 2 exhibits variations of a with respect to g and y when each varies between zero and one.
It should be noted when more than half of the segment length is congested (8 > 0.5) and speed
levels at the congested portion are at the border of LOS F (y < 0.67~0.91) then ratio of segment
speed to free flow speed has to be less than 80% (a < 0.8).

To summarize the analysis, the chosen cut-off point for flagging a segment as congested
(a < 0.8) is based on the following two main criteria:

1. The congested portion of the subject segment is longer than half of the segment length;
and

2. The congestion levels at congested parts of the segment must be high (LOS F or (y <
0.67~0.91)).



2.1.3. Queue Length

Queue formation in road segments is directly related to the concept of congestion. It is assumed
that when and where congestion exists, queues also take form. Figure 2 illustrates that when
segment speed falls to 90, 80, and 70 percent of its reference speed (a = 0.9,0.8,0.7), then at
least 23, 50, and 87 percent of the segment length will be densely congested (y < 0.67),
respectively. In fact, algebraic manipulation of the last equation obtained in previous section
would reveal the following relationship

11
a

B =
-1

<[k

when set at y = 0.67 would result in the following inverse relationship between the minimum
length of the congested portion of the segment (8,,:,,) and the speed ratio (0 < a« < 1),

1

Figure 3 is a graphic illustration of the above relationship. It should be noted that when speed
ratio is less than 67 percent the segment is assumed to be fully congested and the queue length is
equal to the full length of the segment. Increasing speed ratio would result in decreasing
minimum segment queue length from one to zero as the speed approaches the free flow speed

(a = 1). Therefore, once the speed ratio of a TMC segment is known, the queue length (gl) can
be estimated as a fraction of the segment full length (L)

ql = Pmin * L
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Figure 2: Segment speed variations with respect to length and speed of congested portions of the segment.




Portion of segment moving at less than reference speed (B)

Minimum Segment Queue Length

0.9

0.8

0.7

0.6

05

0.4

0.3

0.2

0.1

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Ratio of segment average speed and reference speed (a)

Figure 3: Minimum segment queue length as a function of the ratio of segment speed and reference speed



Table 1 summarizes the above measures. It should be noted that these measures are defined for

each TMC segment in the work zone area.

Table 1: Mobility related performance measures of work zones

Measure Unit |[Equation Notes
Delay Min 1 1 Speed used to calculate the delay on the segment is
d; =60 xL; * 7T the minimum of reported average and reference
, _ PR speeds.
V! = Min(V;, V)
D= Z di
Congestion  Binary]| ; Congestion is assumed to set in when speed goes
1, V. < Min (a *Vri, Vy ) below BOTH 80% of reference speed («=0.8) AND
= { ' , : 7| historic average speed
0, otherwise
Queue Miles (qD); = Bimin * Li Queue length is assumed to be a fraction of segment
Length Vai length varying between 0 and 100 percent.
Bimin = Min {2.03 * < ;l - 1) , 1} Speed used to calculate the queued fraction of
Vi segment length is the minimum of reported and
V! = Min(V;, Vi) reference speeds.

2.1.4. Path segments

To build these measures for a path comprised of several individual segments it is possible to
estimate path travel speed (v ), path average historic speed (v, ,), and path reference speed

(V) using the following weighted harmonic average formula

Vo= Zi?
i et
= (7)
L.
VR,p — Zl Li
Li (m)
L.
VH,p — Zl Li
Li (m)

In this application a work zone is divided into three identifiable segments: Upstream, Work area,
and Downstream. Upstream and downstream segments should be long enough to capture
shockwaves moving towards or away from the work area within the update period. For instance,

9




in case of one minute speed updates on a facility with a 65 mph reference speed, the upstream
and downstream segments must be at least 65/60=1.1 mile long. This arrangement will make it
possible to actually detect the source of congestion and trace its propagation into and out of the
study area both in spatial and temporal terms.

It can be shown that using path speeds will produce the same results in estimating delay as
computing delays for each segment separately and then adding them up

D =60 ZL <1 1) Zd 60 Z[L (1 1)]
: 14 W VR'p l l L Vl, Ver

where,

V= Min(Vy, Viyp)

However, calculating the congestion and queue length measures for a path segment comprised of
multiple TMC segments requires paying special attention to existing conditions in each TMC
segment and interactions among neighboring TMC segments.

Congestion in a path segment can be simply estimated using a technique analogous to the single
TMC segments

c :{1, V, < Min (a*Vgp,Vyp)
P 0, otherwise

However, in this application location and propagation of the congestion in the upstream and
downstream segments are as important. For instance, it would be critical to know whether
congestion on the upstream path segment is propagating towards or away from the work area.
The first case would mean congestion from upstream sources is moving toward the work zone,
while the second case would indicate that work zone bottleneck is activated (either due to work
zone related road closures or moving bottlenecks initiated downstream from the work area) and
resulting congestion is propagating back toward upstream locations.

To further the congestion monitoring capabilities, it is suggested that the extent between and
including the last two congested TMC segments (from either direction) in the path segment be
reported. Additionally, the distance from the relevant end of work area to the beginning of the
first congested TMC segment in the path segment is reported. Monitoring these measures over
time will inform the extent of congestion as well as the proximity and direction in which
congestion is moving relative to the work area of interest.

In calculating queue length in a path segment the fact should be taken into account that queues in
consecutive TMC segments may be intermittent. Then the question that needs to be addressed is
that what minimum distance between two dense queues would warrant calling them separate
from each other. Answering this question first requires knowing where queues are located (start
and end) inside each TMC segment. Based on space mean speed data alone this level of detail is
difficult to achieve. But, in the worst case, it can be assumed that free-flow portions of two

10



neighboring TMC segments are adjacent to each other which would result in maximum length of
separation between their respective queues. Then, assuming at least 5 seconds of travel time at
reference (free flow) speed between the two queues would warrant calling them as separate one
can write

L; L;
[(1 — .Bi,min)ﬁl_ + (1 — ﬂi+1’min)ﬁ * 3600 SEC/hT < 5 sec
)L L+

when segments are numbered in the traffic direction. In freeway facilities (free flow speed nearly
60mph) this can be approximated as

(1 = Bimin)Li + (1 = Bix1.min)Liv1 < 0.083 mile (= 440ft)

A = {1: (1 = Bimin)Li + (1 = Bivmin)Lirs < 0.083
i+1 .
0, otherwise

A =0

Moving downstream from the first TMC segment, the chain of consecutive TMC segments will
be broken into sub chains based on where the next TMC segment with A; = 0 is located. Then,
the maximum queue length on the path segment of interest can be calculated as

0L = Max, (Ziec (ql)i)

the first two mobility related performance measures (delay and congestion) for each of the three
principal segments.

error in
error in spatial

T™C spatial representation representation
upstream through work zone > downstream

roadway

work area
work zone

Figure 4: Typical work zone and its three identifiable segments

In case TMC segments do not line up exactly with boundaries of the work zone segments it is
recommended that appropriate TMC segments to be broken into two or more segments as
necessary. The resulting sub TMC segments will inherit the same average, reference and historic
speeds as the original TMC segment. The reported travel time for the original TMC segment,

11



however, should be broken down into its corresponding parts proportionally to account for the
length of each sub TMC segment. Figure 4 exhibits an example of such a situation where tapered
tails of the road closure start and end in the middle of the associated TMC segments.

2.1.5. Programmatic performance measures

Table 2 lists a number of mobility related performance measures that can be built on top of basic
measures discussed earlier. Some of these PMs require volume data which is not readily
available at this point.

Table 2: Work zone mobility performance measures

Work Zone Mobility PMs (Traffic Operations) Data Included in
requirement WZMPA?
speed | volume

Number or % of days or work activity periods when queuing occurred v Y

Average gqueue duration

Average queue length

Maximum gueue length

% Time when work zone gqueue length exceeds XX miles

Amount (or % of ADT) that encounters a queue

SNENENENENEN
<|z|<|<|<|<

Vehicle-hours of delay per:
e  Work period
o  Work period when queues are present
e  Peak period
e Project

Average delay per: v v Y
e Entering vehicle
e Queued vehicle
e  Peak period vehicle

AN
AN
<

Maximum per-vehicle delay

Number (or % of ADT) Vehicles experiencing delays greater than XX v v N
minutes

2.2. Alert System

In developing the WZPMA, it was indicated that it would be desirable to use available speed
data in order to develop a simple alert system. The purpose of the alert system is to indicate
when congestion is set off and propagating upstream in the system. The system can be
potentially used to make operational and/or planning decisions as well as help monitor the
effectiveness and impacts of various possible counter-measures in real-time.

The proposed alert system is based on the following observations. A work zone bottleneck is
activated when the work area gets congested and then congestion propagates upstream. It may be
argued that other cases, where shockwaves resulting from downstream congestion travels
through work area and later into upstream do not warrant an alert, nevertheless, eminent
existence of congestion upstream and inside work area can be viewed as hazardous conditions to
workers, drivers, and traffic operations in general. Therefore, in its current form, the system
issues an alert anytime congested situation in the work area or upstream is detected. Currently,
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the following rule is used to decide whether an alert should be issued or not: if work area is

congested OR upstream segment is congested THEN issue an alert.

2.3.

Sample Application: I-70

In this section, mobility performance measures for a work zone in Maryland are reported using
third party probe data. The work zone included in this analysis is located on Westbound 1-70,
East of Frederick @ South St./EXit 55 (Project Description, 2012). Table 3 presents further
details on planned lane closures which are obtained from a list of incidents archived in RITIS. In
addition, lists of other incidents in the impact area of the studied work zones are queried and
obtained from RITIS. In the following sections, based on the timeline of events in each case, the
analysis results are interpreted. In the first case (Westbound on I-70), sample calculations are
presented to better illustrate how real-time speed data can be used to calculate the proposed
performance measures. Also, in each case, the amount of data that goes into generating graphs
and associated performance measures are reported.

Table 3: Work zone locations, their associated lane closures, and timelines

Highway 1-70 Highway 1-70
Direction Westbhound Direction Westbound
WZ | Location B/W Exit 62 MD 75 Green Valley | WZ | Location At E South St
1 Rd and Linganor 3
Lane R Shoulder Lane R Shoulder + (1) R Lane
Closure Closure
Start time 5/8/12 8:20am Start time 5/8/12 8:08pm
End time 5/8/12 2:54pm End time 5/9/12 12:13am
Duration 6 hours 34 minutes Duration 4 hours 4 minutes
WZ | Location B/W MP 63 and MP 61 WZ | Location B/W Exit 62 MD 75 Green Valley
2 4 Rd and Linganor
Lane L Shoulder + (1) L Lane Lane R Shoulder
Closure Closure
Start time 5/8/12 9:21am Start time 5/9/12 9:50am
End time 5/8/12 1:56pm End time 5/9/12 3:23pm
Duration 4 hours 34 minutes Duration 5 hours 33 minutes

This work zone is modeled using a set of eleven TMC segments as listed in Table 4. Upstream,
work area, and downstream segments in each identified work zone is reported as the portion of
each TMC segment belonging to these parts. The upstream, work area and downstream lengths
in each case are reported in Tables 5, 6, and 7, respectively.

Figure 5 illustrates the general location of the work zone on westbound 1-70, east of Frederick
and just to the south of Frederick municipal airport. In Figure 5 segment from A to B is
upstream, segment from B to C is the work area, and the segment from C to D is the
downstream.

In the following pages, separate graphs are provided to illustrate speed variation in more
interesting times during May 2012. Graphs for speed, delay, and queue length variations are
provided. Alerts are also imposed on speed and delay graphs to provide an opportunity for closer
study of the proposed system’s performance.
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Table 4: TMC Characteristics on Westbound 1-70

tmc intersection zip start_latitude start longitude end latitude end longitude miles

Carroll/Howard

County Line

(Mount Airy)
110+04489 (East) 21771 39.344732 -77.077416 39.357122  -77.1392 3.45
110+04677 MD-27/Exit68 21771 39.357122 -77.1392 39.36045 -77.158395 1.13
110P04195 MD-27 (Retired) 21771 39.36045 -77.158395 39.359121  -77.170049 0.63
110+04196 MD-75/Exit62 21770 39.359121 -77.170049 39.380484  -77.25356 4.85
110P04196 MD-75/Exit62 21770 39.380484 -77.25356 39.381657  -77.266745 0.72
110+04197 MD-144/Exit59 21701 39.381657 -77.266745 39.3934318 -77.3259404  3.33
110P04197 MD-144/Exit59 21701 39.3934318  -77.3259404 39.393696  -77.326293 0.03
110+04198 MD-144/Exit56 21701 39.393696 -77.326293 39.404465  -77.384016 3.35
110+04199 South St/Exit55 21704 39.404465 -77.384016 39.404766  -77.388921 0.26
110P04199 South St/Exit55 21704 39.404766 -77.388921 39.4043446  -77.3924646  0.19
110+04200 MD-355/Exit54 21703 39.4043446  -77.3924646 39.400225  -77.408674 0.91
TOTAL 18.86

Table 5: TMC lengths involved in upstream portion of each work zone on Westbound 1-70

tmc W71 WzZ2 WZ3 WZ4
110+04489  3.45 3.45 3.45 3.45
110404677 1.13 1.13 1.13 1.13
110P04195  0.63 0.63 0.63 0.63
110404196 4.85 4.15 4.85 4.85
110P04196  0.60 0 0.72 0.60
110404197 O 0 3.33 0
110P04197 O 0 0.03 0
110404198 O 0 3.35 0
110404199 O 0 0.26 0
110P04199 O 0 0.09 0
110404200 O 0 0 0
TOTAL 10.66 9.36 17.85 10.66
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Table 6: TMC lengths involved in work area portion of each work zone on Westbound I-70

tmc W71 WZ2 WZ3 WzZ4
110+04489 O 0 0 0
110+04677 O 0 0 0
110P04195 O 0 0 0
110+0419 O 0.70 0 0
110P04196  0.12 0.72 0 0.12
110+04197  3.33 0.70 0 3.33
110P04197  0.03 0 0 0.03
110404198 2.15 0 0 2.15
110404199 O 0 0 0
110P04199 O 0 0.10 0
110404200 O 0 0.10 0
TOTAL 5.63 2.12 0.20 5.63

Table 7: TMC lengths involved in downstream portion of each work zone on Westbound 1-70

tmc WZ1 WZ2 WZ3 WzZ4
110404489 0 0 0 0
110404677 O 0 0 0
110P04195 O 0 0 0
110404196 O 0 0 0
110P04196 O 0 0 0
110404197 O 2.63 0 0
110P04197 O 0.03 0 0
110+04198 1.20 3.35 0 1.20
110+04199  0.26 0.26 0 0.26
110P04199  0.19 0.19 0 0.19
110+04200 0.91 0.91 0.81 0.91
TOTAL 2.57 7.38 0.81 2.57
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Figure 5: General map of the first identified work zone location on westbound 1-70
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Figure 6: Speed heat map on westbound 1-70 segments on May 8-9, 2012.

Figure 6 exhibits the observed speeds on more than 18 miles long stretch of westbound 1-70 that
is being studied. The speed data reported here is from May 8-9, 2012. In Figure 6, slow speeds
are depicted using red colors while higher speeds are depicted as bluish colors. The association
of colors with speeds is shown in the color bar next to the heat map. Figure 6 illustrates that in
general, with the exception of a major slow-down just after 3:00 pm on May 8" and a minor
slow-down later that night around 9:00 pm, the vehicles on the studied segment operate at a high
speed. However, the effect of getting closer to the city limits and corresponding reduction in
speeds is obvious from lighter blue colors that start at about 18 mile point and which stay that
way throughout the two days of study.

Table 8: Relevant incidents log on westbound 1-70 reported during May 8-9, 2012

Type Location Latitude  Longitude Time Opened Time Closed Duration Max
Lanes
Closed
Road I-70 39.381888 -77.260056 8:20 14:54 6:34 1
Maintenance BETWEEN
Operations EXIT 62 MD
75
GREEN
VALLEY RD
&
LINGANORE
RD
Road I-70 39.378919 -77.247656 9:21 13:56 4:34 2
Maintenance BETWEEN
Operations MP 63 & MP
61
Collision I-70 AT EXIT  39.403872 -77.393592 15:45 16:46 1:.01
55 E

16



SOUTH ST

Obstructions 1-70 AT MD 39.399935 -77.40927 16:03 16:48 0:44
355
Congestion 1-70 AT 39.38596  -77.298129 17:18 17:54 0:35
MUSSETTER
RD
Road I-70 ATE 39.403928 -77.393654 20:08 5/9/12 0:13 4:04 2
Maintenance SOUTH ST
Operations

In Figure 6, four red rectangles correspond to the zone activities on westbound 1-70 that are
identified in Table 3. The black circles in Figure 6 are meant to highlight spots where road
closures are reported in speed data (speed equal to zero and travel time equal to -1). Further
investigation showed that for 19 minutes speeds at the last three TMC segments reported a
complete roadway shut-down which seems to be the root cause of the major congestion
illustrated in Figure 6. Then, the corresponding incident logs in Table 8 confirmed this roadway
closure. Apparently, at 15:45 pm on May 8 a collision is reported at westbound 1-70 at Exit 55 E
South St. involving a dump truck going wrong way on lane 2. Based on the records, this incident
(and its impact) lasted for one hour and one minute. The recorded operator notes (Table 9)
indicate that the construction company shut down the ramp from Monocacy Blvd to westbound
I-70 in order to send a heavy tow truck in the wrong way on westbound 1-70 to clear the scene of
collision.

Table 9: Notes on “Collision” incident on I-70 West at Exit 55 E South St.

Timestamp  Username Message

16:09 bmurphy DUMP TRUCK FACING WRONG WAY IN LN 2.
9703-CONSTRUCTION COMPANY ON MON. BLVD WILL SHUT DOWN
RAMP FROM MON. TO WB | 70 SO HEAVY TOW CAN GO WRONG WAY
16:32 bmurphy ON WB 70 IN ORDER TO CLEAR THE SCENE

The following sections summarize the analysis and findings related to each work zone identified
on the study segment during the two day time period (May 8-9, 2012). The analysis results in
measures for delay, congestion, and queue length on each portion of the work zones.
Performance measures computed using the results in each case are also reported.

2.3.1. 1-70 West b/w Exit 62 (MD-75 Green Valley Road) and Linganore Road

Table 10 shows performance measures computed based on speed data in the area of study. The
reported performance measures are broken down to measures on each portion of the work zone
during the work zone operations (6 hours and 34 minutes = 394 minutes).

Table 10: Performance measures for WZ1 on westbound 1-70.

Performance Measure Unit Upstream | Work Area | Downstream
Length Mile 10.66 5.63 2.57
Average Delay Minute | 0.03 0.03 0.16
Maximum Delay Minute | 0.24 1.32 1.14
Queue Duration Minute | 330 135 394
Average Queue Length Mile 0.06 0.06 0.34
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Maximum Queue Length Mile 0.52 2.15 2.04
Percent Time Queue Length Exceeds 1 miles | % 0.00 0.25 2.03

Figure 7 depicts the observed travel speed variations on each portion of the work zone. The blue
color represents speeds at upstream of the work zone, while speeds at the work area are
represented by red colored lines. The green lines represent downstream speeds. Also, in Figure 7,
the real time speeds are depicted using solid lines while dotted lines represent historic speeds.
The two vertical black lines identify the start time and end time of the work zone. The general
trends and differences between speeds at upstream, work area, and downstream segments follow
the expected trend where speeds generally fall when approaching urban areas.

In this case only the right shoulder of the highway is closed. As seen in Figure 7, the impact of
the work zone on traffic speeds is minimal except for a short hiccup after 12:00 noon. That
congestion seems to propagate upstream into the work area since the dip in speed is first detected
at a downstream location. The other notable observation in Figure 7 is that after the end of work
zone a severe slow-down starts downstream just before 16:00 pm. First, it was thought that this is
due to recurring congestion during the PM peak period, but further investigation conducted based
on the speed heat map of the area and digging into incidents logs revealed that this major dip in
speeds is brought about due to a severe accident that happened downstream and led to a total
shut down of highway for about 20 minutes. For further details on this incident and its impact
please see the earlier discussion on speed heat map shown in Figure 6.

Speed at Work Zone
I-70 WEST BETWEEN EXIT 62 MD 75 GREEN VALLEY RD AND LINGANORE RD
Start time: 08-May-2012 08:20:00
End time: 08-May-2012 14:54:00
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Figure 7: Speeds for WZ1 on westbound I-70.

Figure 8 shows delays experienced by drivers along each portion of the work zone under study.
Again, the color coding is similar to what is used in Figure 7. Delays on all parts of the subject
work zone are shown to be negligible with an exception right after midday (12:00 noon) when
delays downstream and inside work area rise to the one minute level. The next significant
increase in delay happens after the work zone is closed just before 15:00 pm.
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Delay at Work Zone
|1-70 WEST BETWEEN EXIT 62 MD 75 GREEN VALLEY RD AND LINGANORE RD
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End time: 08-May-2012 14:54:00
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Figure 9 shows queue lengths formed on each portion of the work zone under study. The color
coding is similar to what is used in Figure 7. In this Figure, queue lengths are additive. This
means that reported queue lengths are the summation of queue lengths in each TMC segment.
Figure 7 suggests that half a mile queue lengths in the downstream segment are very common
while queues that form inside the work area and in the upstream segment are generally shorter.
The major spike in queue length happens just after noon time which is consistent with speed and
delay observations in previous Figures. The additive queue lengths downstream and in the work
area reach two miles long which is significant given the 5.63 mile and 2.57 mile length of those
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Figure 8: Delays for WZ1 on westbound 1-70.
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Figure 9: Queue lengths for WZ1 on westbound 1-70.
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Figure 10 shows the length of connected queues formed (according to the criteria defined in the
methodology section) on each portion of the work zone under study. The color coding is similar
to previous Figures. Figure 10 suggests that connected queue length is a more stable measure of
traffic queue lengths in comparison with the simple additive queue lengths measure. In fact,
imposing the connectivity criteria leads to a general decrease in the frequency by which a queue
is reported. At the same time, it keeps the major queues intact and reports them without a
significant loss in their estimated lengths. Again, the longest queues during the work zone
operation period are reported downstream and inside the work area while connected queues
forming in the upstream region are shorter but more frequent.
Connected Queue Length at Work Zone
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Figure 10: Connected queue lengths for WZ1 on westbound 1-70.

Figure 11 exhibits the congestion flags and corresponding alert message in the first investigated
work zone (WZ1) identified in the westbound I-70 corridor. Figure 11 shows that during work
zone operation time congestion is only detected once in the downstream segment just after noon
(12:00 pm) which can probably be associated with a sudden increase in local lunch time travel,
but it does not trigger any alarms since the congestion does not propagate upstream into the work
area. However, after the work zone closes right before PM rush hour (around 15:00 pm),
congestion in the downstream segment is detected (before 16:00 pm) which later leads to
congestion inside the work area and promptly results in issuing an alert. However, since the alert
happens after the work zone operations end it has to be taken only as a test on the sensitivity and
accuracy of the alert system.

20



Congestion at Work Zone
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Figure 11: Congestion and alerts for WZ1 on westbound I-70.

2.3.2. 1-70 West B/W MP 63 and MP 61

Table 11 shows performance measures computed based on speed data in the area of study. The
reported performance measures are broken down to measures on each portion of the work zone
during the work zone operations (4 hours and 34 minutes = 274 minutes).

Table 11: Performance measures for WZ2 on westbound 1-70.

Performance Measure Unit Upstream Work Area Downstream
Length Mile 9.36 212 7.38
Average Delay Minute | 0.03 0.00 0.21
Maximum Delay Minute | 0.19 0.13 2.46
Queue Duration Minute | 236 51 275
Average Queue Length Mile 0.07 0.01 0.43
Maximum Queue Length Mile 0.41 0.29 4.19
Percent Time Queue Length Exceeds 1 miles % 0.00 0.00 4.36

Figure 12 depicts the observed travel speed variations on each portion of the work zone. The
blue color represents speeds upstream of the work zone, while speeds in the work area are
represented by red colored lines. The green lines represent downstream speeds. Also, in Figure
12, the real time speeds are depicted using solid lines while dotted lines represent historic speeds.
The two vertical black lines identify the start time and end time of the work zone. The general
trends and differences between speeds at the upstream, work area, and downstream segments
follow the expected trend where speeds generally fall when approaching urban areas.

In this case, the left shoulder and one left lane of the highway are closed. As seen in Figure 12,
the impact of work zone on traffic speeds is minimal except for a short hiccup after 12:00 noon.
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That congestion seems to be restrained inside the downstream portion and does not propagate
upstream into the work area.

Speed at Work Zone
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Figure 12: Speeds for WZ2 on westbound I-70.

Figure 13 shows delays experienced by drivers along each portion of the work zone under study.
Again, the color coding is similar to what is used in Figure 7. Delays at all parts of the subject
work zone are shown to be negligible with an exception right after midday (12:00 noon) when
delays at downstream rise to the two and half minute level.
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Figure 13: Delays for WZ2 on westbound I-70.

Figure 14 shows queue lengths formed on each portion of the work zone under study. The color
coding is similar to what is used in Figure 7. In this Figure, queue lengths are additive. This
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means that reported queue lengths are the summation of queue lengths in each TMC segment.
Figure 14 suggests that half a mile queue lengths in the downstream segment are very common
while queues that form inside the work area and upstream are generally shorter. The major spike
in queue length happens just after noon time which is consistent with speed and delay
observations in previous Figures. The additive queue lengths in the downstream segment reach
four miles long which is significant given the 7.38 mile length of the downstream segment in this
case.
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Figure 14: Queue lengths for WZ2 on westbound 1-70.

Figure 15 shows the length of connected queues formed (according to the criteria defined in the
methodology section) on each portion of the work zone under study. The color coding is similar
to previous Figures. Figure 15 suggests that connected queue length is a more stable measure of
traffic queue lengths in comparison with the simple additive queue lengths measure. In fact,
imposing the connectivity criteria leads to a general decrease in the frequency by which a queue
is reported. At the same time, it keeps the major queues intact and reports them without a
significant loss in their estimated lengths. Again, the longest queues during the work zone
operation period are reported downstream while connected queues forming in the upstream
region are shorter but more frequent.
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Connected Queue Length (mile)

Figure 16 exhibits the congestion flags and corresponding alert messages (if any) in the second
investigated work zone (WZ2) identified in the westbound I-70 corridor. Figure 16 shows that
during the work zone operation time congestion only has been detected once in downstream
segments just after noon (12:00 pm) which can probably be associated with a sudden increase in
local lunch time travel, but it does not trigger any alarms since the congestion does not propagate
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2.3.3. 1-70 West at East South Street

Table 13 shows performance measures computed based on speed data in the area of study. The
reported performance measures are broken down to measures on each portion of the work zone
during the work zone operations (4 hours and 4 minutes = 244 minutes).

Table 12: Performance measures for WZ3 on westbound 1-70.

Performance Measure Unit Upstream Work Area Downstream
Length Mile 17.85 0.20 0.81
Average Delay Minute | 0.27 0.04 0.14
Maximum Delay Minute | 1.09 0.17 0.50
Queue Duration Minute | 245 230 228
Average Queue Length Mile 0.55 0.07 0.28
Maximum Queue Length Mile 2.07 0.20 0.81
Percent Time Queue Length Exceeds 1 miles % 22.04 0.00 0.00

Figure 17 depicts the observed travel speed variations on each portion of the work zone. The
blue color represents speeds upstream of the work zone, while speeds at the work area are
represented by red colored lines. The green lines represent downstream speeds. Also, in Figure
17 the real time speeds are depicted using solid lines while dotted lines represent historic speeds.
The two vertical black lines identify the start time and end time of the work zone. The general
trends and differences between speeds at the upstream, work area, and downstream segments
follow the expected trend where speeds generally fall when approaching urban areas.

In this case the right shoulder and one right lane of the highway are closed. As seen in Figure 17,
the impact of work zone on traffic speeds is significant almost throughout the work zone activity
from 8:00 pm until past midnight. The congestion seems to propagate downstream outside the
work area since the dip in speed is first detected inside the work area.
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Figure 17: Speeds for WZ3 on westbound 1-70.
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Figure 18 shows delays experienced by drivers along each portion of the work zone under study.
Again, the color coding is similar to what is used in Figure 7. Delays at all parts of the subject
work zone are shown to be negligible (below one minute). In comparing delays on each portion
of the work zone, attention should be paid to the fact that different segments are of different
lengths and therefore reported delays most probably need to be normalized based on the unit
length for a valid comparison.
Delay at Work Zone
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Figure 18: Delays for WZ3 on westbound 1-70.

Figure 19 shows queue lengths formed on each portion of the work zone under study. The color
coding is similar to what is used in Figure 7. In this Figure, queue lengths are additive. This
means that reported queue lengths are the summation of queue lengths in each TMC segment.
Figure 19 suggests that less than mile long queues in the downstream segment and 1.5-2.0 mile
long queues in upstream portions of the work zone are detected frequently during this work zone
road closure. From 9:00 pm to 10:00 pm, the whole length of the work area (0.20 mile long) is
queued up.
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Queue Length at Work Zone
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Figure 20 shows the length of connected queues formed (according to the criteria defined in the
methodology section) on each portion of the work zone under study. The color coding is similar
to previous Figures. Figure 20 suggests that connected queue length is a more stable measure of
traffic queue lengths in comparison with the simple additive queue lengths measure. In fact,
imposing the connectivity criteria leads to a general decrease in the frequency by which a queue
is reported. At the same time, it keeps the major queues intact. In this case, the reported lengths
of queues on upstream segments are significantly reduced after imposing the connectivity
criteria. Again, the longest queues during the work zone operation period are reported in the
downstream and upstream segments while the work area seems to be fully queued up for some
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Figure 19: Queue lengths for WZ3 on westbound I-70.

portions of the work zone activity.
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Figure 20: Connected queue lengths for WZ3 on westbound 1-70.
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Figure 21 exhibits the congestion flags and corresponding alert messages in the third investigated
work zone (WZ3) identified in the westbound I-70 corridor. Figure 21 shows that, during the
work zone operation time, congestion was detected multiple times in all parts of the work zone.
This caused several alerts to be issued during the work zone related road closure that evening.
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Figure 21: Congestion and alerts for WZ3 on westbound 1-70.

2.3.4. 1-70 West b/w Exit 62 (MD-75 Green Valley Road) and Linganore Road

Table 13 shows performance measures computed based on speed data in the area of study. The
reported performance measures are broken down to measures in each portion of the work zone
during the work zone operations (5 hours and 33 minutes = 333 minutes).

Table 13: Performance measures for WZ4 on westbound [-70.

Performance Measure Unit Upstream Work Area Downstream
Length Mile 10.66 5.63 2.57
Average Delay Minute | 0.01 0.00 0.10
Maximum Delay Minute | 0.09 0.03 0.25

Queue Duration Minute | 181 6 330
Average Queue Length Mile 0.03 0.00 0.21
Maximum Queue Length Mile 0.21 0.07 0.52

Percent Time Queue Length Exceeds 1 miles % 0 0 0

Figure 22 depicts the observed travel speed variations on each portion of the work zone. The
blue color represents speeds upstream of the work zone, while speeds at the work area are
represented by red colored lines. The green lines represent downstream speeds. Also, in Figure
22, the real time speeds are depicted using solid lines while dotted lines represent historic speeds.
The two vertical black lines identify the start time and end time of the work zone. The general
trends and differences between speeds at the upstream, work area, and downstream segments
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follow the expected trend where speeds generally fall when approaching urban areas. In this
case, only the right shoulder of the highway is closed. As seen in Figure 22, the impact of work
zone on traffic speeds is minimal.

Speed at Work Zone

1-70 WEST BETWEEN EXIT 62 MD 75 GREEN VALLEY RD AND LINGANORE RD
Start time: 09-May-2012 09:50:00

End time: 09-May-2012 15:23:00

T
Upstream
Work Area N
Downstream

W R g 'T' i M}‘ Al o Historic Upstream
MM"' ' W wws Historic Work Area 1

Historic Downstream

-
o
T

@
o
T

o
o
T
L

'S
o
T

Road Maintenance Operations =
Lane Closure(s): Right Shoulder

Speed (mph)

[N) w
(=] =]
T T
1 1

o
T
L

o

| 1 I | L | L | i i L
07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
Time

Figure 22: Speeds for WZ4 on westbound 1-70.

Figure 23 shows delays experienced by drivers along each portion of the work zone under study.
Again, the color coding is similar to what is used in Figure 22. Delays at all parts of the subject
work zone are shown to be negligible (less than 20 seconds). The reported delays are generally
below expected delays (historical delays -- shown using dotted lines) on any part of the work
zone.
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Figure 23: Delays for WZ4 on westbound I-70.
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Figure 24 shows queue lengths formed on each portion of the work zone under study. The color
coding is similar to what is used in Figure 22. In this Figure, queue lengths are additive. This
means that reported queue lengths are the summation of queue lengths in each TMC segment.
Figure 24 suggests that in downstream queues formed are typically below half a mile long while
queues inside work area and upstream are even shorter.

Queue Length at Work Zone
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Figure 24: Queue lengths for WZ4 on westbound 1-70.

Figure 25 shows the length of connected queues formed (according to the criteria defined in the
methodology section) on each portion of the work zone under study. The color coding is similar
to previous Figures. Figure 25 shows that no connected queues existed throughout the work zone
operation period.
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Figure 25: Connected queue lengths for WZ4 on westbound 1-70.
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Figure 26 exhibits the congestion flags and corresponding alert message in the fourth
investigated work zone (WZ4) identified in the westbound 1-70 corridor. Figure 26 shows that
during the work zone operation time no congestion is reported in any segment of the study area.
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Figure 26: Congestion and alerts for WZ4 on westbound 1-70.

3. WORK ZONE PERFORMANCE MONITORING APPLICATION
(WZPMA)

This section presents the WZPMA which was developed based on the previously explained
methodology to enable real-time monitoring of work zone performance measures. The WZPMA
was created using a spiral software development model which allowed for iterative application
development and multiple opportunities for design revisions based on customer feedback and
usability demonstrations. This approach enabled the developers to improve the WZPMA based
on comments from SHA personnel, as well as feedback from other users of the tool. The
WZPMA development was organized in eight tasks described in Table 14, and it resulted in a
fully operational application housed in RITIS. For access to the tool, please go to www.ritis.org.

Table 14: Tasks for the WZMPA development.

Task 1 | Based on initial input gathered from two workshops held with SHA personnel, prioritize a set of WZPMA
functions from varying user and use-case perspectives including:
e operational (e.g., real-time work zone monitoring and queue alerting),
e analytical (e.g., work zone performance measure historical performance and evaluation), and
e policy-making (e.g., statewide work zone historical performance and mobility impact
assessment).
Work with CHART system developers to ingest EORS lane permitting database into RITIS data fusion
engine
Task 2 | Based on requirements identified in Task 1, prototype a functional WZPMA with a focus on the user
interface and alerting functions.
Task 3 | Provide training on prototype to select SHA field and office personnel. Run usability experiments with
select users to test and validate functionality.
Task 4 | Conduct user input meeting to identify WZPMA modifications and/or enhancements.
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http://www.ritis.org/

Task 5 | Based on the results of Task 3 usability study and Task 4 user meeting. Develop new version of WZPMA
and modify and/or expand SHA field and office personnel to test and validate functionality.

Task 6 | Conduct final user input meeting to identify desired WZPMA modifications and/or enhancements.

Task 7 | Based on Task 6, develop “final” functional version of WZPMA.

Task 8 | Develop WZPMA “User Guide”.

The remainder of this section provides some of the key elements of the User Guide which
describes functionalities of the final WZPMA product. It is divided into two parts: the Work
Zone Dashboard and the Individual Work Zone Profile. Each part starts with an overview of the
main screens — layout and general functionality of basic controls followed by a breakdown of
each element (or widget) on those screens. Screenshots of the application are used for easy
reference. The next five figures provide screen shots and explanations of the Work Zone
Dashboard, which are followed by another six screens and descriptions of the Individual Work
Zone Profile.
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The Work Zone

Dashboard

» There are four interactive widgets that make up the Work Zone Dashboard...

Click on a tool tip ®
for explanations and
definitions.

Use the scroll bars to
move through the list.

OCurrem Work Zones (Overview List)

Here's where you'll find a summary of all the currently active work zones in the state =
grouped by county = with number of nearby incidents, indications of increasing or

decreasing queue lengths and user delay cost for the lifetime of each work zone.

A

Moniiloring

€ Top Critical Work Zones

Major and Critical events will appear here as they develop,
with indications of lane status, associated queue lengths and
user delay cost.

CUMRDAT WOl K 20MES I8 WARYLAMD
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46000000003 000000000
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Click on a gear icon
to change a
widget's settings.

Click and drag any of
the blue frames to
resize the widgets.

g Work Zone Locations (Map)

Use this scalable map to locate and zoom in on
work zones, DMS and probe data; clickable
icons give you to access more information.

Figure 27

) User Delay Cost by Corridor and Day of Week
See the last full week’s worth of delay and cost
summaries for a select number of corridors in the
state.

- An overview of the work zone dashboard
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@ Current Work Zones List
F This widget summarizes the currently active work zones in the State

SRR YO SOV R VENLATD How to use the Current Work Zones List...

T IRCIENTS LERGTH by O CosT (5 Region/Event displays the currently active wark zones for the State and each
Sy — = e REGION/EVENT county, by a route identifier and a location (or limits). Next to the state and

o V0 T90 ST RAST BT 15 7 B0 each county’s name in parentheses are the total number of currently active

H
170 S00TH RSB TO0EST 11 A 114 AR ORCHARD D - ! events. Each grouping of events can be expanded or collapsed by simply clicking
1 ELu 5T A LILAAD 3T 1 = 51,38 28 on the arrow next to the state/county name, or just the name.
H
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Click on a tool tip @ to provide more information on the # of Nearby Incidents, Queue Length and User
Delay Cost shown in the work zone list:
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Figure 28: An overview of the work zone dashboard (Current Work Zones List)
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@ Top Critical Work Zones
¥ This widget shows the top work zone locations by severity

How to use the Top Critical Work Zones Widget... | Semeyr———
Click on the gaar I:nn{é}tn open the Top Critical queue length over the
Range scale, where you can set severity thresholds past 3 hours in 15 minube
for Major and Critical events by simply dragging "'"“*-“"“:‘F
Click on an event name in the the sliders: thdﬁum Cumulative
list to open an Individual quewe as well as if's user delay
Work Zone Profile for that :r;r:n_ra; m:;ﬂm: ?.zut Inni;u
rumber ime ol
location jsee page 11). the end af the chart is the | | each work
ourrent quews length. Zane.
hv
TOP CRITICAL WORK IONES
QUEUE USER DELAY
SEVERITY/EVENT LANHE S5TATUS LEHGTH (M) C (5]
= Critical (1) 2.6 5118,528
@ 195 SOUTH PRIOR TO EXIT 92 MD 222 BAINBRIDGE ROy (M.M. 92,4-93.3) LONG TERM SHOULDER CLOSURE l]mll TI“T | m_).h 5118628
= Major [15) B.2 517,628,446
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@ WD 170 HORTH AT OLD MILL RD jll], ‘[Ilh 0.5 5184141
@ 1-95 SCUTH/HORTH &T EXIT 16 AREHA DR u“ll TIII.'I [ 16 56666514

Roll your mouse polnter over The cumulative user delay
Click on an event lcon In the Lane Status provides a the thumbnail graphic to oost for the lifetime of the
list to center that event in the schematic of the lane show queue lengths work zone Is shown for each
Work Zones Locations map configuration, with any affected (indicated by [l and green top eritical work 2one, as well
[see page 7). lane(s) highlighted in red. dots on the line graph) in 15 as a total for each severity
minute intervals over the last category {MajorfCritical).
thres hours.

Figure 29: An overview of the work zone dashboard (Top Critical Work Zones)

35



€ Work Zone Locations

» This widget shows work zone locations, and other information, on a map

WORK ZONE LOCATIONS
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How to use the Work Zone Locations widget...

Click on any work zone icon in the Current Work Zones list (see previous page) to show that location in the

Work Zone Locations map (you can also use the map independently to see other work zones by zooming in
and out using the mouse wheel, and by moving the map by clicking and dragging).

LJ
Work | 'K’
Zone E
Parformance

Monitoring

{& Click on any work zone icon on the map to generate a Road Maintenance Operations pop-up:

Rasd Malntrnance Operations o
Click on the traffic cone icon
1-695 INKER LOOP AT EXIT 10 US 1 1 (o
SEi S el facutioes 675 WASHINGTON BLVD [Z] [#l] | [2] toload an Individual
Information about the work = Ealtimers Czerty. Varyland i Work Zone Profile {see page
S “Foad Mairtararce Operaizes 1' Descripticn | 115 ek o tha Thaal Paz
Started: 14 7124 AM FAVE NAPADMS. MXE WILL BC ). c on the Timekne con
Updated: 12 14 10:41 AN SWITCHIND PROM LA, TO VL A1 E] to load an Event Timeline
m‘er |n‘°fmam |mlm el PSRN BILL MAYE PERZON QW ZITC
Inner Loc Outer Locp provm (see page 8).
when the work zone was ; mu 81| []
started, the last update, and a Information can be posted
ane configuration schematic. )
fane configuration s O A 1 fLink inside the Description Box.

Gt P v |40 W 00 A7 AT 8 0% | W

Clickon Add File/Link to open a
box where you can upload a file
or submit a link.

e 2 T o 471 BNER LOOW A7 CX1 R 8 1

@ Click on the settings gear in the header bar to open the Map Layers pop-up:

* Click on Work Zones, Dynamic Message Signs and Probe Speed

# Qick on any DMS icon B to see the message being displayed.
# Multiple incidents show a green plus sign -4k click to see the incidents.
& Double-click any roadway link to get probe speed data.

v Work Zones 0

v Dynamvic Message Signs B
v Probe Speed Data &

Speed show that data on the Probe Speed Data Layer

Comparatnow

Data to activate or deactivate those map layers

* Click on Speed, Comparative, Average Congestion or Congestion to

* Click on the Probe Speed Data tool tip for definitions of the dat:
types and color ranges

Average Corgestion

o Congestion

Figure 30: An overview of the work zone dashboard (Work Zone Locations)
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0 User Delay Cost by Corridor and Day of Week

¥ This widget summarizes delay and cost information for a number of select corridors

Click on a cell to get & dally summary
of the Total User Delay Cost for a
select corridor.

Total User Delay Cost

Wed May 13 2005 193

Dialay cost:

Tokal: $308,164.91

Per Person: 50,04

Par Vehicle: 5005
Hours of delay:

Person-Hours: 577538 h

Vehicle-Hours: 8230.21 h

Per Vehicle: O h
Walurme:

Passenger: 18814d vph

Commercial; 2715 wph

1-495

Delay cost:
Total: 510,116,9%04,35
Per Person: 50.%0
Per Vehicle: 51.07

Hours of delay:
Persen-Heurs: 32085527 h
Vehicle-Hoyrs: 27019191 h
Per Vehicle: 0.03 h

Click on a Corridor Totals cell to get a
weekly summary of the Total User
Delay Cost for a select corridor.

Figure 31:
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Click on the dropdown menu to
access other delay and cost summary
tables.
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Click on the gear kcon {2} to open

L
the Select Corridors bok and choose
your corrldors of interest.

SELECT CORRIDORS

availabde Corridars =
Selected
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Click on a Dally Totals cell to get a
summary of the Total User Delay
Cost across all corridors.
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Sat May 16 2015
Dalay cost:
Taokal: 51,181,483,22
Par Person: 5016
Per Vehicle: 20,19
Hours of delay:
Person-Hours: 37470.47 h
Vehicle-Hours: 3155.08 h
Per Vehicle: 001 b

An overview of the work zone dashboard (User Delay Cost by Corridor and Day of Week)




The Individual Work Zone Profile
P There are five interactive widgets that make up the Individual Work Zone Profile...

ings ) current Conditions
Here’s where you’ll set the speed data type, choose associated Graphically displays work zone speeds, either measured or
data layers, set your current conditions boundaries and create historic average, along your pre-defined boundaries. Events,
an alert for the work zone. queuing and other data are also displayed as available.

Maoniitoring

) Traveling Through Work Zone

Graphically display queue length, travel time or speed for
the current day and the previous seven days for comparative

purposes.

- Click and d f
Use this scalable map to zoom in on your selected CEENC T8 MO
¥ 5 the blue frames to resize
work zone. Clickable icons (such as work zone, DMS, the widgets

roadway links) give you to access more information.

) user Delay Cost

See the last full week's worth of delay and cost
summaries for your individual work zone, by day of
week and grouped by 4 hour time bins

Figure 32: An overview of the individual work zone profile
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0 Settings

» This widget allows you to set a number of parameters for an individual work zone

SETTINGS

Data Type...
2 Maasured Speeds

Comparison to Historical Average
[Show. ..
# Wark Zane Bounds
# Posted Speads
¥ Associnted DG
il Mearby Cameras
4 Mearby Incldents
| Lana Status
BotHenecks {when svailable)
= miles upstraam
5 2 miles downstrean } -

"

How to use the Settings List...

Data Type...
Choose to view the current conditions measured
speeds, or a comparison to the historical average:

Measured speed — average speeds shown along the ThCs
of the predefined roadway segment [e.g.; 35 MPH)

Historical Awerage = comparison of the average speed to the
historical average, with percent change (e.g.; -26 MPH [-65%))

Show...
Simply check the desired boxes to show a number of
different data layers:

El Waork Zone Bounds — draws an orange box around the work
20ME area
El Posted Speeds — shows speed limit signs along the predefined
roadway segment
El Assoclated DMS — shows DMS locations along the predefined
roadway segment
El Nearby Cameras — shows CCTV cameras along the predefined
roadway segment
E1 Nearby Inchdents — shows the location and type of nearby
Incidents
El Lane Status — Indicates any lane closures along the predefined
roadway segrment
Bottlenecks (when avallable] — shows location, direction and
length of any bottlanecks
along the pradefined roadway
segment

Using the up/down arrows, Indicate how far upstream and

downstream from the work one you want to view (click on the lock T
lcon to lock these lmits in place 0 )
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Configure Alerts
Simply check the desired boxes, adjust any parameters and add

your contact info to receive individual work zone alerts:

CREATE AW ALFET FOR THIS WORE ZOME

Fl ot gach sechion Lo 3l up an alert for thi wirk Eone

1. BlerL e 0.

W An mccident kappera near thh weark zone.

w1 2 el upstresn or | 1 2 miles) dosmstrea
W Thars it 5 bottlsreck tat's hesd or queus includes iz work Tane,
Mesp in mind the formula tor deserminins bobilenack conditiens,
W Alem e galy when the queue ubstream tom the sk Dme enceeds 1 + misisl
B Speeds i the wark one Tl belos or sscesd & Ccortain ange.
W Wt apeeda fall brlow | 05 =L
B Wk dpeeds i aboer 60
Alevt me when speed & oot of range for Longes than § T LT
Alert me when peed retums within range o longer than 5 v PalnuLef
L Alert me by...

W St e i sl
Alert will be pant to your sccount smais alten dSEums, rdy
W Semred il B DEAT e Lap
Bt oo e e [ | Ve Wieies ¥
1. Rlert me when

Time zone

Time pariad

..‘,'.,. EAFAEdES m Vi of day: £:00 PR to 7:00 P |
1 e [E[E[ETE[F 0] o of oy eco0 as ee w00 s [ o

Solect days of weak

B E A EA EA EA Y

Selact hours of day
1AM £ am 12 P &P 1L Am

o Ard Eime period
Create alert

Figure 33: An overview of the individual work zone profile (Settings)
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@ Current Conditions
» This widget shows graphical results from the parameters selected under Settings

CURRENT CONDITIONS

COMPARISON TO HISTORIC AVERAGE

Mile Marker Indicators — +30UTH & t NORTH » 4+ SOUTH 2 T NORTH
e 2% o wotresn SEm A
click to see the distance Measured Speed/Historic T
upstream and downstream Average — posted for every !
from the work zone. TMC segment within your b3 MM (2031
i Current Conditions Bounds.
S
. vary with J

e Posted Speeds - speed

pre

ranging from green (higher
speeds) to red (lower

limit sign locations are
1 shown, when avallable. speeds) sk
~5 VP (14N)
5 11890 (1%
S 1)
| Aoac nance Operaticen
Work Zone Bounds - el :‘: R G
aweH o) MO 3 SONTHEETVEDN AD 44k 200 WaTT 5D
shows the selected work : v
20ne area, Inside the S e
orange box. : I
£ Wi (1)
Nearby Cameras— CCTV s Nearby Incidents — other
camera locatlons are incidents will be shown as
franed | b, shown, when available. available. Click the Icon for
Tewed Time: 1043 Clicking on an Icon brings more information.
up the camera feed.
10 9% 4215
Bottlenecks - indkcates
bottleneck head, direction

and approximate length.
Click the Icon for more
information.

Figure 34: An overview of the individual work zone profile (Current Conditions)



©) Traveling Through Work Zone
¥ This widget shows directional variation for a chosen metric over the day, with corresponding changes that occurred over the last seven days

Qe Lorath gk the Werk Jona ackevite Mwciigh tha Wart Irea
r:":;_: :I:!‘:Tr::z:; [::tr::'ﬂl:x;;i:ffl;l S —— - - Rnieh :"'"\_"' i For travel time, click Filter Results to choose
Trarvel T Harth Dpomite Lhe Work Tose urisid ekt Dpsmkor the Hors
UL i = additional filtering parameters.
shown below). These charts are mteractive; EF
as you move along the line, the green dot
will move in all charts, showing travel times
during the corresponding times for the Adjust the parameters for metric (queue length, travel
previous seven consecutive days. time or speed) and the direction of trawvel through the .
work zone (north & south/east & west; or for certain ::'""“: ———
roads like beltways, clockwise and counterchockwise) i st o
Trawid Tise - Louth Through the Waork Tone - K& vty
5
sirs 45 s0cs
|t emive: 30 gy
F:35 AM
, . Trave| Teme: I min 37 secs
1 min 13 pect
0 s
1100 A L0 An 4:00 s 5000 A El0D A 000 am 12:00 Pl 00
Srmem 1 T ) | Smm
3 s A ey 1 3 e 45 S
0 reng | 0 e
Frids/15/2015 52t 05/ 162015 Sum 05717/2015 Mon 05/ 1872015 Tue 05/ 1372015 ‘Wed 05/200201% Thu 0572172015

Figure 35: An overview of the individual work zone profile (Traveling through Work Zone)
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© Work Zone Location

LJ
=]
» This widget shows work zone locations, and other information, on a map Berance

WORK ZONE LOCATION

STADIUM TRAFFIC
USE EXIT 7
MD 285 NORTH

203 BIATH MAST BT 31 400 BALTIICHR
BILTANY (M08 3.4 - 3.3) STATIVIOG
QTEIE DO NI DATE

-6V Comterclockwien & HOLLINS FERRY
®0EXIT 9

Ramars oty Cuarty. WD 31337 My IN 3370 - 4161 B

a0 P c0re
1ed3 3495 Thoc | Seal

@ Qick on any DMS icon B to see the message being displayed.
# Multiple incidents show a green plus sign -4k click to see the incidents.
& Double-click any roadway link to get probe speed data.

How to use the Work Zone Location widget...

Opening up an Individual Work Zone Profile will show that location in the Work Zone Location map (you can

also use the map independently to see other work zones by zooming in and out using the mouse wheel, and
by moving the map by clicking and dragging).

{& Click on any work zone icon on the map to generate a Road Maintenance Operations pop-up:

"Ricad WaTnirnan o Operatons ol
Click on the traffic cone icon
1-695 INNER LOOP AT EXIT 10 US 1 ——
The header contains location 675 WASHINGTON BLVD m [_TI to load an Individual
Information about the work = Ealtimers Czerty. Varyland o Work Zone Profile (see page
20ne. “Rosd Malrtararce Oparatizes [ Descrigticn [ pag
Py PRIV | wave warnoms. roxe WILL e 11); click on the Timeline icon
Updated: 12 14 10:41 AN SVATCHIND PO TA. TO VL, 077 E] to load an Event Timeline
Other information includes Taikat A dalociin | maria o (see page 8)
when the work zone was T |11 1 [) et
started, the last update, and a " Yot éan be A
lane configuration schemati hadis D =
contet e < O Adsd reteLink ‘ inside the Description Box.
T T PR A T W U
Clickon Add file/Link to open a o
x box where you can upload a file -
e or submit a link. -

@ Click on the settings gear in the header bar to open the Map Layers pop-up:

* Click on Work Zones, Dynamic Message Signs and Probe Speed
Data to activate or deactivate those map layers

v Work Zones 0

v Dynamvic Message Signs B

¢ Probe SpeedData @  mmem * Click on Speed, Comparative, Average Congestion or Congestion to
Speed show that data on the Probe Speed Data Layer

itt:'c'ww * Click on the Probe Speed Data tool tip for definitions of the data
* Comgesticn types and color ranges

Figure 36: An overview of the individual work zone profile (Work Zone Location)
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@ User Delay Cost
» This widget summarizes delay and cost in 4-hr time periods, for the previous seven consecutive days

Total User Delay Cost )

Total User Dulay ©
Bl N Qick on the dropdown menu to

access other delay and cost summary
Click on a cell to get a surnmary of e tables.
the Total User Delay Cost fora S
select date and time range. Dielay Far Wsar

Cast Per User

Fri Hay 15 2003 12AM - 4AH
Dhelay cast;
Totalz §1.38
Per Person;: 000
Per Vehicke: $0.00
Hours of delay:
Person-Heurs: 0,04 h
Wahbde-Hours: 0.04 h
Per Vehiche: 0 b
Wokine:
Passanger: 304 wrh
Lommencial: 101 vph

L12AM - JAH
Delay cost:

Total: 546,00

Per Person: $0.01
Per vehicle: $0.02
Haours of delay:
Persan-Hours: 148 h
vehicle-Hours: 1,73 0
Per Wehicle: 0 b

Wed May I 2015

Delyy cosi:

Total: 37,571.65

P Pergon: £0.47

Per vehide: $0.51
Hours of delay:

Parson-Hours: 240,13 b

wehicle-Hours: 20223 h

Per Vehicle: 0,01 b

Click on & Howrly Totals cell to get a Click on a Dally Totals cell to get 2
time range summary of the Total summary of the Total User Delay for
User Delay Cost. a partkcular day.

Figure 37: An overview of the individual work zone profile (User Delay Cost)
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4. CONCLUSIONS

The WZPMA was developed for SHA as a real-time performance monitoring tool for work
zones using INRIX vehicle probe data and active work zone information provided by the SHA
CHART system. The WZPMA allows SHA to comply with the Final Rule on Work Zone Safety
and Mobility by offering a simple, effective and systematic approach to assessing and managing
work zone impacts of projects. In particular, using the tool to monitor and assess work zone
performance helps facilitate efficient management and evaluation of work zone impacts
throughout project development and implementation. Benefits of the WZPMA are:

e For Project Engineers and Managers
o Real-time performance monitoring
o Alerts when thresholds are exceeded
o Actionable, multi-layered data
e For Planners & Decision-makers
o Work zone/closure delay and cost summaries

o Performance assessment (to improve processes and procedures, data and
information resources and training programs)

e For Public Relations
o Easily compare real-time and historical performance
o Fast response to inquiries and complaints

The University continues to work with SHA Office of Traffic & Safety to get the WZPMA tool
deployed to the user community.
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