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and approximately two-thirds of the lots have driveways connecting directly to Highway
11/70. One and a half blocks north of the highway is Ord High School. Crosswalks have
been placed on the highway at 18™ and 19™ Streets in service of the pedestrian volume
generated by the high school. A road diet implemented in Ord would result in a typical

cross-section consisting of a 12-foot, two-way left-turn lane, two 12-foot, through lanes,

and a 6-foot shoulder on each side.
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CHAPTER 5 DATA COLLECTION AND REDUCTION
For each case study site location, traffic data and roadway geometry data was collected
for inputs in simulation and analysis. Video data was obtained during the peak hour of the
different car movements at each intersection. These video recordings were uploaded to
MioVision for data processing to acquire traffic counts and turn movements for each
intersection and pedestrian counts where relevant. Roadway geometry data was collected
using Google Earth Pro, with measurments taken for the various roadway geometry

aspects of interest.

5.1 Alliance Data Collection

In Alliance, technical issues with the camera units limited data collection to 5 of 17
intersections; video was recorded and recovered at Flack, Mississippi, Niobrara, Big
Horn, and Black Hills Avenues. The recorded intersections were spread evenly across the
corridor ensuring that the data collected provides a complete picture of the traffic
conditions in Alliance. The intersection coverage is shown in Figure 5.1 through Figure
5.5. The view of the camera recording at the Flack Avenue intersection is shown in
Figure 5.1; this camera was positioned on the north-east quadrant of the intersection. The
view of the camera recording at the Mississippi Avenue intersection is shown in Figure
5.2; this camera was positioned on the south-east quadrant of the intersection. The view
of the camera recording at the Niobrara Avenue intersection is shown in Figure 5.3; this
camera was positioned on the north-east quadrant of the intersection. The view of the
camera recording at the Big Horn Avenue intersection is shown in Figure 5.4; this

camera was positioned on the north-west quadrant of the intersection. The view of the



camera recording at the Black Hills Avenue intersection is shown in Figure 5.5; this

camera was positioned on the north-west quadrant of the intersection.

W 2017-08-08 6:00:01 PM

Figure 5.1 Camera view at Flack Avenue and Highway 2

2017-08-08 6:00:01 PM

Figure 5.2 Camera view at Mississippi Avenue and Highway 2
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2017-08-08 5:00:02 PM

Figure 5.5 Camera view at Black Hills Avenue and Highway 2
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5.2 Aurora Data Collection
In Aurora, 10 of 12 intersections were recorded; the studied intersections include 1%, 3,
st 7t oth 10t 12t 13% 14% and 16" Streets. The cameras were set up on two
consecutive days on alternating intersections to record video on 5 streets each day. The
intersection coverage is shown in Figure 5.6 through Figure 5.15. The view of the
camera recording at the 1% Street intersection is shown in Figure 5.6; this camera was
positioned on the north-east quadrant of the intersection. The view of the camera
recording at the 3™ Street intersection is shown in Figure 5.7; this camera was positioned
on the south-west quadrant of the intersection. The view of the camera recording at the
5™ Street intersection is shown in Figure 5.8; this camera was positioned on the south-
east quadrant of the intersection. The view of the camera recording at the 7™ Street
intersection is shown in Figure 5.9; this camera was positioned on the south-east
quadrant of the intersection. The view of the camera recording at the 9 Street
intersection is shown in Figure 5.10; this camera was positioned on the south-east
quadrant of the intersection. The view of the camera recording at the 10" Street
intersection is shown in Figure 5.11; this camera was positioned on the north-west
quadrant of the intersection. The view of the camera recording at the 12 Street
intersection is shown in Figure 5.12; this camera was positioned on the south-east
quadrant of the intersection. The view of the camera recording at the 13" Street
intersection is shown in Figure 5.13; this camera was positioned on the south-east
quadrant of the intersection. The view of the camera recording at the 14 Street
intersection is shown in Figure 5.14; this camera was positioned on the north-east

quadrant of the intersection. The view of the camera recording at the 16 Street



intersection is shown in Figure 5.15; this camera was positioned on the north-east

quadrant of the intersection.

2017-06-14 4:00:00 PM

Figure 5.7 Camera view at 3™ Street and Highway 34
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2017-06-13 4:00:01 PM

2017-06-13 5:00:01 PM

Figure 5.10 Camera view at 9" Street and Highway 34
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Figure 5.13 Camera view at 13™ Street and Highway 34
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5/2017-06-13 5:00:01 PM

Figure 5.15 Camera view at 16™ Street and Highway 34

5.3 David City Data Collection

In David City, 10 of 20 intersections were recorded; the studied intersections include
Lakeside Drive, lowa, A, C, E, G, I, K, M, and O Streets. This placement method allowed
for every other intersection along the corridor of interest to be recorded. The intersection
coverage is shown in Figure 5.16 through Figure 5.25. The view of the camera recording
at the Lakeside drive intersection is shown in Figure 5.16; this camera was positioned on
the north-west quadrant of the intersection. The view of the camera recording at the lowa

Street intersection is shown in Figure 5.17; this camera was positioned on the north-west
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quadrant of the intersection. The view of the camera recording at the A Street intersection
is shown in Figure 5.18; this camera was positioned on the north-east quadrant of the
intersection. The view of the camera recording at the C Street intersection is shown in
Figure 5.19; this camera was positioned on the north-east quadrant of the intersection.
The view of the camera recording at the E Street intersection is shown in Figure 5.20;
this camera was positioned on the north-east quadrant of the intersection. The view of the
camera recording at the G Street intersection is shown in Figure 5.21; this camera was
positioned on the north-east quadrant of the intersection. The view of the camera
recording at the I Street intersection is shown in Figure 5.22; this camera was positioned
on the south-east quadrant of the intersection. The view of the camera recording at the K
Street intersection is shown in Figure 5.23; this camera was positioned on the north-west
quadrant of the intersection. The view of the camera recording at the M Street
intersection is shown in Figure 5.24; this camera was positioned on the north-west
quadrant of the intersection. The view of the camera recording at the O Street intersection
is shown in Figure 5.25; this camera was positioned on the north-east quadrant of the

intersection.

2017-05-30 5:00:01 PM

Figure 5.16 Camera view at Lakesidé Drive and Highway 15



201 ?’55—30 5:00:01 PM
i

Figure 5.18 Camera view at A Street and Highway 15

2017-05-25 4:00:00 PM

Figure 5.19 Camera view at C Street and Highway 15
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2017-05-25 4:00:16 PM

2017-05-30 4:00:00 PM

Figure 5.22 Camera view at I Street and Highway 15
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2017-05-30 4:00:00 PM -
P =

Figure 5.24 Camera view at M Street and Highway 15

1 R

j 3
1 2017-05-25 4:00:10 PM

Figure 5.25 Camra view at O Street and Highway 15
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5.4 Ord Data Collection
Similar to Alliance, technical issues limited data collection in Ord; of the 10 intersections
along the corridor of interest, video was recorded and recovered at 17%, 20, 2204, 234,
and 24" Streets. The resulting collection points were spread across the corridor such that
the data collected is still comprehensive for the corridor. The intersection coverage is
shown in Figure 5.26 through Figure 5.30. The view of the camera recording at the 17
Street intersection is shown in Figure 5.26; this camera was positioned on the south-west
quadrant of the intersection. The view of the camera recording at the 20™ Street
intersection is shown in Figure 5.27; this camera was positioned on the south-east
quadrant of the intersection. The view of the camera recording at the 22" Street
intersection is shown in Figure 5.28; this camera was positioned on the north-east
quadrant of the intersection. The view of the camera recording at the 23" Street
intersection is shown in Figure 5.29; this camera was positioned on the north-east
quadrant of the intersection. The view of the camera recording at the 24™ Street

intersection is shown in Figure 5.30; this camera was positioned on the north-east

quadrant of the intersection.

| ey

Figure 5.26 Camera view t 17™ Street and Iriighway 11/70



2017-08-01 4:00:00 PM

Figure 5.27 Camera view at 20" Street and Highway 11/70

2017-08-01 4:00:00 PM

Figure 5.29 Camera view at 24" Street and Highway 11/70
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2017-08-01 4:00:00 PM

Figure 5.30 Camera view at 24™ Street and Highway 11/70

5.5 Data Reduction

Because the number of cameras and data collection periods was insufficient to collect
video data at all intersections, the turning movement counts at several intersections were
inferred. The turning movements for non-recorded intersections were determined using
the movements for the recorded intersections immediately adjacent to the intersection of
interest. Along the direction of the highway, traffic volumes entering and exiting are
calculated from the exiting volumes of the previous intersection and entering volume of
the subsequent intersection. For example, to calculate northbound turning movements at
the non-recorded intersection, the entering volume is equal to the sum of NBT, EBL, and
WBR movements at the recorded intersection immediately to the south, and the exiting
volume is equal to the sum of NBL, NBT, and NBR movements at the recorded
intersection immediately to the north. These volume balancing equations are shown as

Equation 5-1 and Equation 5-2, below.

(NBT + EBL + WBR)south = Enteringnon-—recorded 5-1)
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(NBL + NBT + NBR)north = EXiting,on-recorded (5 - 2)

The difference between the entering and exiting volumes is then used to
determine whether more traffic turns into or out of the primary directional flow. If the
entering volume is greater than the exiting volume, more traffic turns out of the flow than
into the flow and vice versa. Non-thru turning movements are then calculated by
distributing the difference between entering and exiting traffic between the remaining
turning movements (NBL, NBR, EBL, and WBR continuing from the previous example).
This distribution is performed using multiples of 1/9. If entering volumes are greater than
exiting volumes, 12/9 of the difference is assigned to movements turning out of the flow
and 3/9 of the difference is assigned to movements turning into the flow. Inversely, if
entering volumes are less than exiting volumes, 3/9 of the difference is assigned to
movements turning out of the flow and 12/9 of the difference is assigned to movements
turning into the flow.

To account for any impact driveway traffic of houses or businesses might have on
the traffic flow, counts were obtained from the video data for any driveways that had a
significant number (more than 10) of vehicles entering or exiting during the peak hour.
For the driveways that did not have a significant number of vehicles, the Institute of
Transportation Engineers Trip Generation Manual was used to determine the rate at
which vehicles could be assumed to be entering or exiting these driveways during the

peak hour. [28]



67
CHAPTER 6 RESULTS
Because two unique traffic modeling software applications were used in analysis, the
results of each application can be compared as a form of validation, to assess the
likelihood of success for a road diet implementation for a given level of traffic. The
results indicate the level of traffic at which the conventional facility will fail, the level of
traffic at which a road diet implementation for a given facility will fail, and difference
between the two, representing the impact of the road diet conversion. Because this study
is concerned primarily with feasibility and factors deciding implementation, the average
delay per vehicle experienced by the reduced-capacity (road diet) facility at varying

volume input levels is the primary result of interest.

6.1 Operational Impacts of Road Diet Implementations

6.1.1 Results of Existing Conditions Analysis

The results of the existing condition analysis are shown here both in tabular and graphical
form. The compilation of existing condition analysis results for all case study locations is

shown in Table 6.1.



Table 6.1 Results of existing condition analysis for all case study locations

68

N Average | Average
e | S Coven| 40T | Do | Doty
Synchro | VISSIM
Alliance |Existing 100%| 10,040 275 201
Alliance |Existing 150%| 15,060 3.79 245
Alliance |Existing 200%| 20,080 10.31 3.06
Alliance |Existing 250%| 25,100 52.27 3.92
Alliance |Existing 300%| 30,120 197.78 4.92
Alliance |Existing 350%| 35,140 N/A 8.90
Alliance |Existing 400%| 40,160 N/A 26.87
Aurora Existing 100% 5,850 2.79 2.19
Aurora  |Existing 150% 8,775 11.48 273
Aurora  |Existing 200%| 11,700 45.00 3.57
Aurora  |Existing 250%| 14,625 41893 11.01
Aurora Existing 300%| 17.550 N/A 41.84
Aurora Existing 350%| 20,475 N/A 59.95
Aurora Existing 400%| 23,400 N/A 80.95
David City | Existing 100% 4510 2.18 1.32
David City | Existing 150% 6,765 3.49 1.58
David City | Existing 200% 9,020 7.47 224
David City | Existing 250% 11,275 26.81 3.49
David City | Existing 300% 13,530 74.99 4.73
David City | Existing 350% 15,785 247.19 5.81
David City | Existing 400% 18,040 N/A 6.73
Ord Existing 100% 3800 0.95 0.67
Ord Existing 150% 5700 1.29 0.95
Ord Existing 200% 7600 2.07 1.11
Ord Existing 250% 9500 6.13 1.42
Ord Existing 300% 11400 23.55 1.63
Ord Existing 350% 13300 97.47 2.12
Ord Existing 400% 15200 N/A 2.79

This table shows the results from both VISSIM and Synchro (HCM methodology)
analysis for each site and volume condition. In Synchro analysis, some of the volume
conditions exceed the model capacity, which invalidates the results of the analysis
condition. For these cases, “N/A” replaces the results in Table 6.1. From the table, the

relationship between volume and delay is observed to be more sensitive in Synchro
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analysis than in VISSIM analysis. Graphical results of existing roadway geometry from
the Synchro (HCM methodology) analysis is shown below in Figure 6.1, with results of

the VISSIM (micro-simulation) analysis shown below in Figure 6.2.
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Figure 6.1 Results of existing condition analysis from Synchro

., 100

= 90 ||—e—Alliance

e 80 Aurora

o0~ 70

§»§ 60 *-David City

< § 50 ||—e—Ord

3 © 40

g 3

":é - 20

& —

2 10 ° L ] 2. .

Ay 0 S —_ =

0 5,000 10,000 15,000 20,000 25,000 30,000

AADT (vehicles/day)

Figure 6.2 Results of existing condition analysis from VISSIM

Examining the results graphically reveals a difference between the Synchro (HCM

methodology) and VISSIM (micro-simulation) methodologies. These results indicate that
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Synchro is more conservative, in predicting that the capacity of the roadway will be
reached faster than the VISSIM results indicate. Seeking to maintain the average delay
per vehicle at less than 35 seconds, consistent with a level of service (LOS) C or better
for a given signalized intersection, the results are analyzed to determine threshold AADT
levels for which the existing geometry is anticipated to sufficiently accommodate traffic.

The Synchro results, being the more conservative of the two, indicate that a four-
lane section is sufficient for all locations up to an AADT of around 10,000 vehicles/day.
The Synchro results for Alliance indicate a much higher threshold of more than 22,000
vehicles/day. The difference between the performance of the Alliance facility and the
other facilities can likely be attributed to the additional turn lanes provided at the
signalized intersections at this location, further identifying the signalized intersections as
the limiting factor for the four-lane cross section roadways.

The VISSIM results predict acceptable operational performance at significantly
higher volumes than did the Synchro results. In the case of the micro-simulation analysis,
Aurora was predicted to experience LOS D or worse conditions beyond 16,000 AADT,
with Alliance predicted to operation sufficiently up to and beyond 30,000 AADT.

The findings for the existing condition will be governed by the more-conservative
Synchro results, as no chances should be taken with regard to a reduction in capacity of a
roadway. The four lane cross-section is found to be universally sufficient up until around
10,000 AADT for a corridor, with further study necessary between the range of 10,000
and 25,000 AADT. The design of the signalized intersection is expected to be the limiting
condition for roadways in the 10,000 to 25,000 AADT range, with the four lane cross

section sufficient once traffic is able to pass beyond the signalized intersections.



6.1.2 Results of Road Diet Analysis

The results of the road diet condition analysis are shown here both in tabular and
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graphical form. The compilation of road diet condition analysis results for all case study

locations is shown in Table 6.2.

Table 6.2 Results of road diet condition analysis for all case study locations

. Average | Average
e | o Covn| 40T | Do | Dol
Synchro | VISSIM
Alliance |Road Diet 100% 10,040 2.70 2.62
Alliance |Road Diet 150% 15,060 412 335
Alliance |Road Diet 200% 20,080 16.33 5.46
Alliance |Road Diet 250% 25,100 71.76 21.70
Alliance |Road Diet 300%| 30,120 268.40 46.98
Alliance |Road Diet 350% 35,140 594 41 68.51
Alliance |Road Diet 400%| 40,160 /A 72.40
Aurora Road Diet 100% 5,850 292 3.36
Aurora Road Diet 150% 8,775 10.60 429
Aurora Road Diet 200% 11,700 4442 8.14
Aurora Road Diet 250% 14,625 174.09 25.54
Aurora Road Diet 300% 17.550 919.54 65.70
Aurora Road Diet 350% 20,475 N/A 85.12
Aurora Road Diet 400% 23.400 N/A 99.14
David City |Road Diet 100% 4510 231 1.74
David City|Road Diet 150% 6,765 3.37 2.29
David City|Road Diet 200% 9.020 9.20 3.09
David City |Road Diet 250% 11275 36.86 5.04
David City|Road Diet 300% 13,530 96.66 6.83
David City|Road Diet 350% 15,785 290.60 8.71
David City|Road Diet 400% 18,040 346.85 10.10
Ord Road Diet 100% 3800 1.00 1.36
Ord Road Diet 150% 5700 1.42 1.70
Ord Road Diet 200% 7600 241 2.09
Ord Road Diet 250% 9500 822 2.56
Ord Road Diet 300% 11400 3443 3.07
Ord Road Diet 350% 13300 118.73 5.03
Ord Road Diet 400% 15200 123.80 10.86
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This table shows the results from both VISSIM and Synchro (HCM methodology)
analysis for each site and volume condition. In Synchro analysis, some of the volume
conditions exceed the model capacity, which invalidates the results of the analysis
condition. For these cases, “N/A” replaces the results in Table 6.2. Similar to the results
of the existing roadway geometry, the relationship between volume and delay is observed
to be more sensitive in Synchro analysis than in VISSIM analysis. Graphical results of
reduced-capacity road diet geometry from the Synchro (HCM methodology) analysis is
shown below in Figure 6.3, with results of the VISSIM (micro-simulation) analysis

shown below in Figure 6.4.
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Figure 6.3 Results of road diet analysis from Synchro
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Figure 6.4 Results of road diet analysis from VISSIM

As with the existing roadway geometry, examining the results of the road diet
analysis graphically reveals a difference between the Synchro (HCM methodology) and
VISSIM (micro-simulation) methodologies. These results indicate that Synchro is more
conservative, in predicting that the capacity of the road diet geometry capacity will be
reached faster than the VISSIM results indicate. Seeking to maintain the average delay
per vehicle at less than 35 seconds, consistent with a level of service (LOS) C or better
for a given signalized intersection, the results are analyzed to determine threshold AADT
levels for which the road diet geometry is anticipated to sufficiently accommodate traffic.

The Synchro results, being the more conservative of the two, indicate that a two-
lane section is sufficient for all locations up to an AADT of around 10,000 vehicles/day,
no change from the four-lane cross section. The Synchro results for Alliance indicate a
much higher threshold of more than 22,000 vehicles/day, again, no change from the four-
lane cross section. This highlights the significance of the auxiliary lanes at the signalized

intersections, that reducing the capacity of the unimpeded traffic lanes by half has
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marginal impact on the travel times experienced by drivers, while additional lanes at
signalized intersections can greatly reduce the average delay per vehicle for the entire
corridor.

The VISSIM results predict acceptable operational performance at significantly
higher volumes than did the Synchro results. In the case of the micro-simulation analysis,
Aurora was predicted to experience LOS D or worse conditions beyond 15,000 AADT,
with Alliance predicted to operation sufficiently up to around 27,000 AADT, both

slightly decreased from the original four-lane cross section.

6.1.3 Results of Road Diet Impact Analysis

Further analysis of the results will be limited to only the results from Synchro (HCM
methodology), as this has been shown to be the more conservative method of the two.
Comparing the performance of existing condition models against road diet condition

allows the impact of road diet to be assessed, with results shown in Table 6.3, below.



Table 6.3 Impacts of road diet improvement on delay (Synchro results)

Existin .
. Roadway | Volume Conditifn e . Increase
Site si " AADT Average |in Average
Condition | Condition Average

Balsy Delay Delay
Alliance |Road Diet 100% 10,040 28 2.7 0.0
Alliance |Road Diet 150% 15,060 38 4.1 03
Alliance |Road Diet 200% 20,080 103 163 6.0
Alliance |Road Diet 250% 25,100 523 71.8 195
Alliance |Road Diet 300% 30,120( 197.8 2684 70.6
Alliance |Road Diet 350% 35,140 N/A 5944 N/A
Alliance |Road Diet 400% 40,160 N/A N/A N/A
Aurora Road Diet 100% 5.850 28 29 0.1
Aurora Road Diet 150% 8,775 115 10.6 -0.9
Aurora Road Diet 200% 11,700 450 444 -0.6
Aurora Road Diet 250% 14,625 /A 174.1 N/A
Aurora Road Diet 300% 17550 N/A 9195 N/A
Aurora Road Diet 350% 20475 N/A N/A N/A
Aurora Road Diet 400% 23400 N/A N/A N/A
David City |Road Diet 100% 4,510 22 2. 0.1
David City |Road Diet 150% 6,765 35 34 -0.1
David City |Road Diet 200% 9.020 7.5 92 1.7
David City |Road Diet 250% 11,275 26.8 36.9 10.1
David City |Road Diet 300% 13,530 75.0 96.7 217
David City |Road Diet 350% 15,785 2472 290.6 434
David City |Road Diet 400% 18,040 N/A 3469 N/A
Ord Road Diet 100% 3800 1.0 1.0 0.0
Ord Road Diet 150% 5700 13 14 0.1
Ord Road Diet 200% 7600 2.1 24 03
Ord Road Diet 250% 9500 6.1 82 21
Ord Road Diet 300% 11400 236 344 10.9
Ord Road Diet 350% 13300 97.5 118.7 213
Ord Road Diet 400% 15200 N/A 1238 N/A
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Values within plus or minus one second when examining the column displaying

the Increase in Average Delay indicate values that have negligible change from existing

roadway cross section to road diet geometry, and are within the margin of error for the

analysis methodology.
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The primary concern with implementing a road diet on a facility is that the
existing travel times will increase significantly due to congestion experienced by the
traffic currently utilizing two lanes being forced to utilize one lane. The results in Figure
6.5, below, indicate that the change in average delay is strongly influenced by the degree

to which the existing facility is approaching capacity.
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Figure 6.5 Increase in average delay at varying levels of AADT

Implementing a road diet conversion for facilities similar to Aurora, David City,
and Ord will result in less than a 5-second increase in average travel time at values of
AADT less than 10,000. At facilities similar to Alliance, where additional capacity is
built into the signalized intersections along the corridor, implementing a road diet at
volumes less than 20,000 is expected to result in a similar 5-second increase in average
travel time of all vehicles in the network. Examining the relationship between existing
congestion and the implementation of a road diet, Figure 6.6, below, plots the increase in
delay caused by implementing a road diet against the existing condition average delay for

the facility.
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Figure 6.6 Road diet impact on existing average delay

The results displayed above in Figure 6.6 show that the existing average delay
per vehicle on a roadway network is a much better indicator of expected road diet impact
than is AADT. The dashed black line defines acceptable traffic operational conditions,
with delay to the left and below the dashed line having an average delay of less than 35
seconds per vehicle, indicating that an induced delay of up to 10 seconds due to a road
diet implementation should be acceptable. Examining the general trend that is indicated
by the results at all four locations, it is seen that a road diet increases existing delay by
approximately 50% for existing conditions delay values of 30 seconds/vehicle or less,
and at rates less than that for higher levels of existing delay.

Referring back to the literature on road diet implementations, the results for the
Nebraska case-study locations are consistent with the national findings, including both
simulation and field observation results. Maintaining an average delay per vehicle in the
network of 35 seconds or less is predicted to be consistently possible at AADT values of

less than 12,000, with much higher values up to 20,000 AADT possible depending on the
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capacity of the signalized intersections along the corridor. The average delay per vehicle
of the existing facility was found to be a more accurate predictor of road diet
functionality than was AADT, with a value of 25 seconds of delay per vehicle for the
existing condition found to be the threshold at which the road diet facility results in a

delay of 35 seconds per vehicle.

6.1.4 Impact of Percentage of Turning Vehicles on Road Diet Operations

In between 12,000 and 20,000 vehicles per day, the values for delay are disperse which
means a road diet would be feasible in some cases and infeasible in others. One
hypothesis is that the percentage of turning movements in the corridor is having an
impact on the road diet performance, since the removal of the second lane requires all
through vehicles to wait for slowing right-turning vehicles. Table 6.4, below reports the

delay and AADT values, as well as the corresponding right-turn percentage.



Table 6.4 Right turn percentages corresponding to delay and AADT (Synchro)

Od___ [RoadDiet| 300%| 11400] 29 | 236 | 344 | 109

Existing .
. Roadway | Volume % Right | Condition ks Dict . ucrease
Site ... ... AADT . Average |[in Average
Condition | Condition Turning | Average
Delay Delay
Delay

Ord Road Diet 100% 3.800 29 1.0 1.0 0.0
David City |Road Diet 100% 4,510 4.7 22 23 0.1
Ord Road Diet 150% 5,700 29 1.3 1.4 0.1
Aurora Road Diet 100% 5.850 6.9 2.8 2.9 0.1
David City |Road Diet 150% 6.765 4.7 3.5 34 -0.1
Ord Road Diet 200% 7.600 2.9 2.1 24 0.3
Aurora Road Diet 150% 8.775 6.9 11:5 10.6 -0.9
David City |Road Diet 200% 9.020 4.7 7.5 9.2 1.7
Ord Road Diet 250% 9.500 2.9 6.1 8.2 2.1
Alliance |Road Diet 100% 10,040 4.1 2.8 2.7 0.0
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As previously established, an average delay of less than 35 seconds per vehicle is

desirable. All road diet implementations at sites with less than 10,000 AADT were found

to be successful, with negligible impacts to average delay per vehicle due to the reduction

in capacity. Two sites beyond this threshold were found to have acceptable levels of
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delay, being Ord at 11,400 AADT, and Alliance at 15,060 AADT. Their right-turn
percentages are 2.9 and 4.1 respectively, indicating that a lower percentage of turning
vehicles may fair better than a higher percentage of turning vehicles. However, due to the
limited number of sites investigated for this study, there is not sufficient evidence to
support the hypothesis that turn percentage has a significant impact on the performance

of a reduced-capacity roadway, relative to the observed AADT for the facility.

6.2 Assessment of User Cost Impacts from Road Diets

Referring to Table 6.4, there are 8 cases with an AADT that falls within the range 12,000
to 20,000 vehicles per day. To understand further the feasibility limits within the AADT
range 12,000 to 20,000 vehicles per day, the results of the economic analysis are
examined. Table 6.5, shown below, includes the values of individual costs (travel time,

operating, and accident costs) as well as total user cost per vehicle.



81

Table 6.5 Breakdown of user costs for road diets at case study locations

Site Volume AADT AH, AOC, AAC. AB.
Condition |  (vpd) (cents/veh) (cents/veh) (cents/v-m) (cents/veh)

Ord 100% 3,800 0.0135 0.0050 -5.7163 -3.4112
David City 100% 4,510 0.0382 0.0141 -3.3577 -5.6556
Ord 150% 5,700 0.0382 0.0141 -5.7163 -3.3774
Aurora 100% 5,850 0.0410 0.0141 -5.9374 -7.0697
David City 150% 6.765 -0.0353 -0.0131 -3.3577 -5.7564
Ord 200% 7.600 0.0999 0.0370 -5.7163 -3.2929
Aurora 150% 8.775 -0.2776 -0.0957 -5.9374 -7.4981
David City 200% 9,020 0.5089 0.1882 -3.3577 -5.0109
Ord 250% 9,500 0.6142 0.2273 -5.7163 -2.5882
Alliance 100% 10,040 -0.0156 -0.0054 -6.8992 -8.9900
David City 250% 11,275 2.9564 1.0931 -3.3577 -1.6585
Ord 300% 11,400 3.1974 1.1834 -5.7163 09511

Aurora 200% 11,700 -0.1829 -0.0631 -5.9374 -7.3709
Ord 350% 13.300 6.2479 23124 -5.7163 5.1305

David City | 300% 13,530 6.3746 2.3570 -3.3577 3.0236

Alliance 150% 15,060 0.1028 0.0359 -6.8992 -8.8303
David City 350% 15,785 12.7699 4.7216 -3.3577 11.7834
Alliance 200% 20,080 1.8747 0.6548 -6.8992 -6.4395
Alliance 250% 25.100 6.0693 2.1199 -6.8992 -0.7798
Alliance 300% 30,120 21.9914 7.6811 -6.8992 20.7036

Table 6.6, shown below, sums the total user cost per vehicle to show total peak
hour user cost and then expands the peak hour cost to daily, weekly, monthly, and yearly
total user costs. Positive values reflect costs imposed on the user while negative values

reflect benefits realized by the user.



Table 6.6 Expansion of total user costs from peak-hour to yearly
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Existing

Road Diet

Site C\ot:;::n -(\;-;I;;l‘ Average Delay | Average Delay (ii‘) A(]:b}::l)ﬂ (.25:'1::‘) (233‘:::.:) (?f:::;l:‘) ('zi\::)
(s/veh) (s/veh) ‘ &
Ord 100% 3.800 1.0 10 0.05 -$29.47| -8$54.61| -$273.06| -$1.18643| -$12,106.74
David City[ 100% 4510 22 23 0.13| -8$106.72| -$106.72| -$533.61 -$2,318.53 -$23,126.69
Ord 150% 5,700 1.3 14 0.13 -$43.77| -8$81.10| -$405.52| -$1,762.00( -$17,980.05
Aurora 100% 5.850 2.8 29 0.13| -$125.98| -$164.65| -$823.23| -$3,57692| -$32.23344
David City[ 150% 6,765 35 34 -0.12| -$162.93| -$162.93| -$814.67| -$3,539.74| -$35,30791
Ord 200% 7,600 2.1 24 034 -$56.90| -$105.43| -$527.16] -$2,29051| -$23,37321
Anrora 150% 8,775 115 10.6 -0.88| -$200.43| -$261.93|-$1,309.67| -$5.69054| -$51,28026
David City[ 200% 9.020 7.5 92 1.73] -$189.11| -$189.11| -$945.56| -$4,10847| -$40.98086
Ord 250% 9.500 6.1 82 2.09] -855.91[ -$103.59| -$517.94| -8$2,25046| -$22.96449
Alliance 100% 10,040 2.8 27 -0.05| -$174.59| -$396.23| -$1,981.17| -$8.608.19| -$87.841.08
David City[ 250% 11,275 268 36.9 10.05 -$78.24| -8$78.24| -8$391.20| -$1.699.76| -$16.954.68
Ord 300% 11,400 236 344 10.88 $24.65 $45.68) $228.39 $99234| $10,126.18
Anrora 200% 11,700 450 44 4 -0.58| -$262.70| -$343.32(-$1,716.60| -$7.45861| -$67,21324
Ord 350% 13,300 975 1187 21.26] $155.15| $287.48| $1437.38 $6,24543| $63.730.62
David City| 300% 13,530 750 96.7 21.67| $171.17] $171.17 $855.83 $3,718.59| $37.09192
Alliance 150% 15,060 38 4.1 0.33| -$257.23| -$583.80( -$2.918.98| -$12.68296|-$129.42149
David City| 350% 15,785 2472 2906 43.41| $778.24| $778.24| $3.891.18| $16,907.18| $168.644.60
Alliance 200% 20,080 103 16.3 6.02| -$250.11| -$567.65| -$2.838.23| -$12.332.12|-$125.84138
Alliance 250% 25,100 523 71.8 19.49| -$37.86| -$85.93| -$429.63| -$1.866.75| -$19.04898
Alliance 300% 30,120 197.8 2684 70.62| $1206.19|$2,737.54($13.687.69| $59.473.02| $606,884.02

Plotting the AADT values against the total annual user costs results in Figure 6.7.

At the $0.00 value, there is a thick black horizontal line. This line represents the break-

even point for total user costs. At the break-even point, the road diet improvement, user

benefits realized by accident rate reduction are equal to the road diet improvement, user

costs incurred by the change (increase) in delay. Thus, any road diet improvement with a

positive net user cost (i.e. plots above the thick black horizontal line in Figure 6.7) is

economically infeasible.
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Figure 6.7 Total annual net user cost of road diets across levels of AADT

Looking at Table 6.6 and Figure 6.7, there are five cases with positive annual
user cost, four of which fall in the 12,000 to 20,000 vehicles per day range. This means
that for the eight cases with AADT falling in the range 12,000 to 20,000 vehicles per day,
half have conditions making a road diet improvement infeasible.

To determine the criteria for changing from infeasible to feasible, the
relationships between average delay and total annual user cost as well as change in
average delay and total annual user cost are examined. The relationship between average
delay and annual user cost, shown in Figure 6.8, shows that while all of the cases in
which annual user cost is positive have an average delay in excess of 30 seconds.
However, there does not appear to be a direct correlation between average delay and total

annual user cost.
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Figure 6.8 Effect of average delay on annual net user costs for road diets

The relationship between change in average delay and total annual user cost,
shown in Figure 6.9, appears to have a more direct correlation between the two variables;

as change in average delay increases, so does the total annual user cost.
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Figure 6.9 Effect of change in average delay on annual net user costs for road diets
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From Figure 6.9, all road diet improvement cases with less than a 10 seconds per

vehicle increase in delay have a negative annual user cost, which is to say that these cases
incur a benefit for the users. Conversely, only one road diet improvement cases with an
increase in delay in excess of 10 seconds per vehicle have a positive annual user cost.
Based on the results of the economic analysis, another criterion for implementing road
diet improvements can be determined: if the expected change in average delay from
implementing the road diet improvement is less than 10 seconds per vehicle, the road diet
improvement is economically feasible. Else, the road diet improvement is most-likely

economically infeasible.
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CHAPTER 7 ROAD DIET DECISION MATRIX
Assessing the results from CHAPTER 6, recommendations can be made regarding when

road diets are appropriate in the context of traffic conditions observed in Nebraska.

7.1 Analysis of Road Diet Limitations
The feasibility of road diet conversions is assessed by examining factors influencing
operations, logistics, and implementation. Operationally, the results from CHAPTER 6
show implementing a road diet improvement increases delay in most cases thus, other
factors must be considered in determining the feasibility of road diet improvements.
These factors affect the extent to which delay is increased. In considering other factors,
the relationship between AADT and delay was examined. Information from existing
literature shows road diet improvements to be infeasible at AADT levels greater than
25,000 vehicles per day, determining one of the bounds for feasibility. [4]-[6], [8], [9]
Sufficiently low and generally uniform delay results at AADT levels less than 14,000
vehicles per day establishes a second bound for feasibility. At this point, observations
from the results in CHAPTER 6 show that road diet implementation is feasible at AADT
levels less than 12,000 vehicles per day and infeasible at AADT levels greater than
20,000 vehicles per day. However, if AADT is between 12,000 and 20,000 vehicles per
day, the results from examining the relationship between AADT and delay are too
disperse to suffice for determining whether or not a road diet conversion is a feasible
improvement.

Continuing to look at the relationship between AADT and delay, points which

correspond to delay values less than 20 seconds per vehicle are relatively uniform and
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appear to fit a trend-line established by points at lower volumes. Examining the right-turn
percentages for points corresponding to delay values greater than 20 seconds per vehicle,
it is determined that road diets are feasible roadway improvement projects between
12,000 and 20,000 vehicles per day if the average delay per vehicle for the existing
roadway geometry is less than 20 seconds per vehicle.

To understand further the feasibility limits within the AADT range 12,000 to
20,000 vehicles per day, the results of the economic analysis are examined. Plotting the
AADT values against the total annual user costs reveals five cases with positive annual
user cost, rendering them economically infeasible, four of which fall in the 12,000 to
20,000 vehicles per day range. According to the feasibility limits just established, four
cases in the 12,000 to 20,000 vehicles per day range have conditions making a road diet
improvement infeasible. The case that switched from infeasible to feasible with the result
of the economic analysis is Aurora, Nebraska, with an AADT of 14,625 vehicles per day,
and a right turn percentage of 6.9 percent. Examining the relationship between AADT
and delay, this case corresponds to the point falling just outside the bounds established in
CHAPTER 6. It is determined that the cause of this case changing from infeasible to
feasible, is that the increase in average delay is low enough that the accident reduction
impacts of road diets offset the decreased operational performance. This is because the
results reveal that all road diet improvement cases with less than an 10 seconds per
vehicle increase in delay have a negative annual user cost, which is to say that these cases
incur a benefit for the users. Conversely, most road diet improvement cases with an
increase in delay in excess of 10 seconds per vehicle have a positive annual user cost.

Thus, another criterion for implementing road diet improvements can be determined: if
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the expected change in average delay from implementing the road diet improvement is
less than 10 seconds per vehicle, the road diet improvement is economically feasible.
Else, the road diet improvement is likely economically infeasible.

Logistically, factors which influence the feasibility of road diet implementation
include characteristics of the vehicle and non-vehicle users of the roadway. Existing
literature shows road diets to be estimated to reduce vehicle-accident rates of all types by
33 percent. [4], [6], [7], [9]-[14] This accident reduction rate means that a road diet
improvement can serve and an effective accident mitigation technique. In cases such as
Aurora and Ord that have destinations which may generate significant pedestrian
volumes, the impact of road diets on traffic calming is also a factor influencing
feasibility. While road diets conversions will not impact the posted speed limit on a road,
existing literature does show road diets to be effective at reducing the speed variability of
traffic. [4]-[6], [10], [11], [16] The reduction in speed variability is due to road diets
decreasing the percentage of vehicles travelling 5 or more miles per hour in excess of the
posted speed limit. Reducing speed variability of vehicle traffic makes the roadway safer
for pedestrians looking to cross the road.

The primary implementation factor governing the feasibility of road diet
conversions is cost. Examining the cost of conversions, there is a critical component in
Nebraska for which to account: in Nebraska, townships have to pay half the cost for
repaving and surface maintenance of the roadway when it is four lanes, but they do not
have to pay for one lane. Therefore, to limit the cost impact of road diet conversions, road

diets should be implemented as restriping as part of necessary resurfacing work. This
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effectively eliminates any cost associated with the actual road diet implementation, as the

restriping costs are already accounted for in resurfacing projects.

7.2  Decision Matrix for Consideration of Road Diet Implementation

A primary objective of this research is to develop the framework criteria to guide
decision making on the feasibility of implementing road diet improvements. Towards this
end, existing condition and road diet corridor traffic analysis was performed utilizing
Synchro (HCM methodology) and VISSIM (micro-simulation). The results of the traffic
analysis were then used as inputs for an economic analysis on the impacts of road diet
conversions in Nebraska. Both the traffic and economic analyses yielded results that
helped form criteria to guide decision making on the feasibility of implementing road diet
improvements. These criteria, coupled with general criteria from existing literature,
create a decision tree for implementing road diet conversions in Nebraska. This decision

tree is shown in Figure 7.1.
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Figure 7.1 Road diet conversion decision tree
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The general layout of the decision tree begins with broad criteria involving less
intense analysis or collection processes. Thus, the starting criterion for the decision tree is
the AADT for the roadway corridor in question. The feasibility ranges previously
established are used as the initial pathways on the decision tree. If AADT is less than
12,000 vehicles per day, a road diet conversion is a feasible roadway improvement; if
AADT is greater than 20,000 vehicles per day, a road diet conversion is not a feasible
roadway improvement; and if AADT is between 12,000 and 20,000 vehicles per day, a
road diet conversion may be a feasible improvement. After establishing feasibility from
AADT, the next criterion on the decision tree narrows the scope of focus, and thus
involves slightly more intense analysis than AADT determination. This second bound is
provided by traffic analysis: road diets are feasible roadway improvement projects
between 12,000 and 20,000 vehicles per day if the existing facility average delay is less
than 20 seconds per vehicle. This criteria point helps bring the decision tree to either
result path established by AADT under 12,000 or over 20,000.

Economic analysis provided a criterion to further define the feasibility of road diet
improvements within the AADT range 12,000 and 20,000 vehicles per day: if the
expected change (increase) in average delay is less than 10 seconds per vehicle, the road
diet improvement is feasible. Else, the road diet improvement is infeasible. This is the
final step on bringing the decision tree to the binary result paths of a road diet
improvement being either feasible or infeasible.

From here, the feasibility of a road diet improvement is more dependent on
unique characteristics of the roadway such as crash rates: existing literature shows road

diet conversions to be successful in reducing rates of rear-end, sideswipe, and angled
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collisions. [4], [6], [7], [9]-[14] So if the collision rates on a roadway are a concern, a
road diet implementation can be effective in mitigating this. If vehicle-accident rates are
not a major concern on the roadway, the presence of pedestrians or bicyclists crossing the
street due to social or education destination such as a swimming pool or high school can
be a contributing factor to feasibility of a road diet. The significant presence of
pedestrians or bicyclists causes the speed variability of vehicle traffic to become a
concern. If there is a high speed variability, or a significant percentage of vehicles
travelling 5 or more miles per hour over the speed limit, road diets can help calm this
variability, without sacrificing operational performance, and make the roadway safer for
non-vehicle users such as pedestrians and bicyclists.

The final step in determining the feasibility of road diet implementation is
whether the roadway in question is in need of a resurfacing project. Because the costs of
a road diet implementation will be absorbed into the cost of a resurfacing project, it is
desirable to implement road diets as part of resurfacing rather than as a stand-alone

project.
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CHAPTER 8 LIMITATIONS
There were a few limitations to the research, which should be mentioned to represent
accurately the work that was conducted.

The number of available MioVision Scout cameras for use was a limitation. The
cameras performed well in the field, but the low number of units for use meant that
certain locations along the study corridor were left unrecorded. While this was partially
combatted through multiple data collection days and inferring, being able to use more
cameras would allow for a better, or at least more accurate, set of input data for
simulation.

When utilizing the software applications to model the road diet configuration of
the highway, issues arose when modeling the two-way left-turn lane. VISSIM lacks a
function that explicitly adds this into the model. To overcome this, left-turn bays were
created for each intersection or driveway. This practice is not exactly accurate since
vehicles are able to enter the two-way left-turn lane at any point, rather than one specific
entrance point with a left-turn bay. However, the impact of this change is minor for this
study since the volumes of vehicles turning left is relatively low.

The case study sites used for this analysis were too small to have reported traffic
characteristics (crashes and vehicle miles travelled) with the Nebraska Department of
Transportation. In lieu of site-specific information, safety data for the counties in which
is case study sites reside were used. While the county data provides a moderately
accurate representation of the traffic characteristics of the case study sites, access to site-

specific information would allow for results that are more accurate.
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CHAPTER 9 CONCLUSIONS AND RECOMMENDATIONS
This research sought to address two main questions. The first question: because it is
readily available to decision makers, how well does AADT serve as a predictor of the
feasibility of a road diet conversion? The second question: outside of AADT, what are
some other readily available factors which predict the feasibility of road diet
conversions? The results of this research indicate that road diet conversions are feasible
roadway improvement projects while AADT is less than 12,000, while AADT ranging
from 20,000 and greater renders road diets infeasible as roadway improvement projects.
For the AADT between 12,000 and 20,000 this research indicates that the existing facility
average delay per vehicle is a primary contributing factor to feasibility. The economic
analysis performed found that increasing average delay by more than 10 seconds per
vehicle renders road diets economically infeasible. An important non-operational factor
to consider is also cost. In Nebraska, townships have to pay half the cost for repaving and
surface maintenance of the roadway when it is four lanes, but they do not have to pay for
one lane. Therefore, to limit the cost impact of road diet conversions, road diets should be
implemented as restriping as part of necessary resurfacing work. This effectively
eliminates any cost associated with the actual road diet implementation, as the restriping
costs are already accounted for in resurfacing projects.

The results of this study are limited by the data collection process, modeling
software, and the nature of the study sites. As discussed previously, the data collection
process is effective, but limited by the number of devices available. In future studies,
combining the use of more cameras with additional study days will allow for more

complete or comprehensive data collection. When utilizing the software application to
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model the road diet configuration of the highway, issues arise modeling the two-way left-
turn lane. This function is not specifically supported in the software. To overcome this,
left-turn bays can be created for each intersection or driveway. While this is not
completely accurate with the behavior of a true two-way left-turn lane, the impact of this
change is minor for this study since the volumes of vehicles turning left is relatively low.
Additionally, the population centers and AADT volumes for the case study sites were too
low for the Nebraska Department of Transportation to provide detailed traffic
characteristics (crashes and vehicle miles travelled) data.

In future studies, sites with higher traffic volumes and population should be
chosen to allow access to more complete traffic data. This will allow for a more accurate
economic analysis and would result in more finely tuned criteria for the decision tree.
Additionally, examining the impacts of midblock friction on road diet feasibility provides

an avenue to further refine the research laid out in this document.



95

REFERENCES

[1]
[2]

[3]
[4]

[3]

[6]
[7]
[8]
[9]

[10]

[11]

[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

[21]

J. Rosales, Road Diet Handbook: Setting Trends for Livable Streets, Second. New
York, NY: PB, 2006.

T. R. Board, Highway Capacity Manual, 2010th ed. Washington, D.C.:
Transportation Research Board, 2010.

AASHTO, User and Non-User Benefit Analysis for Highways. 2010.

T. M. Welch, “The Conversion of Four Lane Undivided Urban Roadways to Three
Lane Facilities,” Dallas, Texas, 1999.

K. K. Knapp and K. Giese, “Guidelines for the Conversion of Urban Four-Lane
Undivided Roadways to Three-Lane Two-Way Left-Turn Lane Facilities,” Ames,
Iowa, 2001.

“The Highway Safety Information System Evaluation of Lane Reduction ‘Road
Diet” Measures on Crashes,” 2010.

N. Stamatiadis, A. Kirk, C. Wang, and A. Cull, “Kentucky Transportation Center
Guidelines for Road Diet Conversions,” Lexington, KY, 2011.

N. Stamatiadis and A. Kirk, “Guidelines for Road Diet Conversions,” Lexington,
KY, 2012.

M. Pawlovich, W. Li, A. Carriquirry, and T. Welch, “lowa’s Experience with
‘Road Diet” Measures: Impacts on Crash Frequencies and Crash Rates Assessed
Following a Bayesian Approach,” 2005.

C. H. Tan, “Public Roads - Going on A Road Diet , September/October 2011 -
FHWA-HRT-11-006,” Public Roads, no. Sept/Oct, 2011.

T. J. Gates, D. A. Noyce, V. Talada, and L. Hill, “The Safety and Operational
Effects of ‘Road Diet’ Conversion in Minnesota,” TRB 86th Annu. Meet.
Compend. Pap. CD-ROM, vol. TRB#07-191, 2007.

H. F. Huang, J. Richard Stewart, C. V Zegeer, and C. H. Tan Esse, “How Much
Do You Lose When Your Road Goes on a Diet?,” Chapel Hill, NC, 2003.

K. Knapp et al., FHWA-SA-14-028 Road Diet Informational Guide Informational
Guide Book. 2014.

R. B. Noland, D. Gao, E. J. Gonzales, and C. Brown, “Costs and benefits of a road
diet conversion,” Case Stud. Transp. Policy, 2015.

“Regional Road Diet Analysis — A Feasibility Assessment,” Philadelphia, PA,
2008.

H. Li and Z. Tian, “Feasibility Evaluation of Road Diet Projects — A Case Study in
Reno, NV,” Reno, NV.

K. K. Knapp, T. M. Welch, and J. A. Witmer, “Converting Four-Lane Undivided
Roadways to a Three-Lane Cross Section: Factors to Consider,” Ames, lowa,
1999.

“PTV Vissim 8: User Manual.” PTV AG, Karlsruhe, Germany, pp. 1-933, 2015.
“Oregon Bicycle and Pedestrian Plan,” Salem, OR, 1995.

C. Zegeer et al., “Cost-effective geometric improvements for safety upgrading of
horizontal curves,” no. FHWA/RD-90-021, Oct. 1991.

Transportation Research Board, K. A. Small, R. B. Noland, X. Chu, and D. Lewis,
“Valuation of Travel-Time Savings and Predictability in Congested Conditions for
Highway User-Cost Estimation,” NCHRP Rep., no. 431, 1999.



[22]
[23]

[24]

[25]

[26]
[27]

[28]

96

Nebraska Department of Roads, “2016 ANNUAL VEHICLE MILES,” 2016.
Nebraska Department of Roads, “Standard Summary of Nebraska Motor Vehicle
Traffic Accidents,” 2016.

Nebraska Department of Roads and U.S. Department of Transportation, “2016
Continuous Traffic Count Data and Traffic Characteristics on Nebraska Streets and
Highways,” 2016.

“Estimates of the Componenets of Resident Population Change: April 1, 2010 to
July, 2016,” United States Census Bureau, 2016. .

“Google Earth,” 2017. .

“Traffic Flow Map of the State Highways: State of Nebraska.” Nebraska
Department of Roads, p. 1, 2015.

“Trip generation manual.” Institute of Transportation Engineers (ITE), 2012.



