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Executive Summary

The purpose of this research effort is to evaluate unique intersection designs for their
suitability for use in lieu of an existing signalized intersection. Traffic signals can cause
unnecessary delay and capacity restrictions due to the operational characteristics of
signalized intersections. This project identified alternative intersection (interchange)
designs that could be implemented at signalized intersections that would serve the
current traffic and also provide a higher capacity for the main traffic movement.
Analyses were conducted primarily using SYNCHRO 6 software from Trafficware Ltd.
To model the different intersection/interchange designs identified for analysis. The
initial search results identified the following thirteen (13) intersection/interchange
designs considered for further evaluation:

Single Point Urban Interchange (SPUI)
Directional Crossover
Median U-Turn Crossover
All Movement Crossover
Continuous Green-T
NCSU Bowtie
SuperStreet

Jughandle

Echelon

Center-Turn Overpass
Tight Diamond

Quadrant

Michigan Urban Diamond

This list of 13 was reduced to 7 using different filtering techniques. A lack of sufficient
information on different designs identified above removed the All Movement Crossover
from further analysis. Another filter was “urban design.” Since the focus of the
research was on suburban and rural areas, the designs that were primarily applicable
to urban settings were removed from consideration. The “urban design” filter could
also be used as a likelihood of use in a rural or suburban area. This filter removed the
Superstreet, NCSU Bowtie, and the Continuous Green-T. Another filter used was
speed. If a design was considered less safe because of the high-speed through
movement, it was taken out of consideration. The Directional Crossover was
eliminated by this filter. The Median U-turn operates much like the Jughandle design.
Therefore, the Jughandle was not evaluated as the operational characteristics were
very similar to the Median U-turn.

The remaining seven designs were modeled using SYNCHRO. While the Tight
Diamond performed very well in the simulation, the consensus of experienced traffic
engineers (Tom Thrower, David Naylor, Jonathan Reid, et al.) was that there were
errors in the simulation that resulted in much better than expected results. Further
analysis will be conducted on this design, not related to this project, to see if the



problem can be identified. Because of the lack of confidence in the Tight Diamond
results, the Tight Diamond will not be included in the recommendations. When the
different designs were evaluated at selected locations in different areas of the state, the
lower cost designs (e.g., Median U-turn, Quadrant) usually prevailed based on
predicted traffic levels and construction costs. The evaluated designs did indicate a
significant increase in capacity when compared to a “regular” signalized intersection.
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INTRODUCTION

The purpose of this research effort is to evaluate unique intersection designs for
their suitability for use in lieu of an existing or proposed signalized intersection. Signalized
intersections present a problem for handling cross traffic (minor movement). It is possible
to manually control a traffic signal, change the signal display to flashing yellow for the
through movement and flashing red for the cross traffic, or turn off a signal and use police
to control traffic. Each of these scenarios will require through movement traffic (main
movement) to stop to allow cross traffic to be serviced. There are a number of general
“traditional” solutions, such as grade separation, that can be used to serve the cross traffic
without needing to stop the main movement of traffic. There are also a number of “unique”
or non-traditional designs for intersections and interchanges that have been proposed to
use in place of the traditional grade separated intersection designs. Some of these unique
designs have been used in various locations throughout the United States. Other unique
designs have been modeled using computer simulation but have not been constructed.

The purpose of this research effort is to evaluate unique intersection designs for
their suitability for use in lieu of an existing signalized intersection. Thirteen designs were
identified through the literature search process for a more detailed evaluation. After a
more in depth process of gathering information about the identified designs six of the
designs were dropped from further evaluation. Some information about the general
operation of some of the constructed designs came from phone conversations with officials
in the states where the designs were in use. Evaluations of all the designs considered
were conducted using SYNCHRO based computer simulation.

Different designs were evaluated using two different approaches. The first
approach (Methodology I) used a base design for comparison. This base design was the
“standard” signalized intersection and used permitted left turns on all approaches. The
Measures of Effectiveness (MOE) used in this evaluation were: Total delay, Level of
Service (LOS), Intersection Capacity Utilization (ICU) percent, and ICU LOS. Traffic
volumes were selected for each movement to reflect what would reasonably be expected
at rural or suburban intersection when there was “heavy” demand. The four MOEs were
calculated for the base design. Including the base level of traffic, there were 8 volume
scenarios evaluated for the base intersection and the 7 unique intersection designs. The
results were then tabulated and compared. The purpose of this type of evaluation is to
show the advantages and disadvantages of the unique intersection designs compared to
the base signalized intersection as the base intersection approached capacity.

The second approach for evaluation (Methodology II) was to increase the volume
on the different approaches to the intersection based on a pre-determined process. The
different designs were then “loaded to failure” and the results tabulated. Measures of
Effectiveness for this evaluation approach were LOS and total entering volume. The
evaluation process also identified several locations in the state where the different designs
might be applied and the suitability of each design for the different locations.
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RESULT OF LITERATURE REVIEW

A literature review was completed in order to better understand the research that
has been done regarding unconventional intersection designs. The majority of the
research focused on urban or suburban areas. There was little focus on rural, high speed
roadways. The remainder of this chapter summarizes the research that was reviewed.

Design of Single Point Urban Interchanges

Between 1990 and 2000 vehicle miles-traveled (VMT) increased 28.2% and is
expected to increase another 35% by 2010. With this great increase the amount of delay
time and vehicle emissions will increase as well. The 2002 Federal Highway
Administration’s Condition and Performance report showed that the additional travel time
during peak congested times when compared to non-peak times increased from 37% in
1990 to 51% in 2000. Most of this traffic occurs on the freeway system and on service
interchanges. One of the more common solutions to this problem is to build a Diamond
Interchange. One problem with the Diamond interchange is that as volume increases
congestion increases and the other problem is that it requires a large right-of-way.
Another type of interchange was designed in 1970 by Greiner Engineering Sciences Inc.,
which offered a larger carrying capacity without the problems of congestion like those
experienced with the Diamond interchange. This new design was called the Single Signal
interchange or the Single Point Urban interchange (SPUI) because of its odd geometry [8].

In this report some of the key geometric and operational properties were studied
and the influence of these properties on the design of SPUIs were discussed. Some of the
important geometric properties were grade separation, skew angle, roadway
characteristics, signal phasing, left and right turn radii as well as the amount of traffic that
would be on the roadway. The states were surveyed to gather opinions on how they
ranked these geometric properties and it was found that most states ranked right-of-way
as their number one reason for the use of SPUIs. Itis commonly agreed that SPUIs are
not very effective where pedestrians need to cross the road or where there is a need for
frontage roads. One of the biggest reasons that states do not use SPUIs is the fact that
the construction costs are very high. Many states also believe that SPUIs will confuse
drivers as well [8].

Median Crossover Guideline Statement

Divided median facilities separate opposing travel lanes, which control left turn
conflicts. This allows some recovery area for out of control vehicles as well as a place for
future lanes to be paved if needed. Median divided facilities improve traffic flow, reduce
congestion and have lower crash rates. If the facility is divided median crossovers would
be needed to allow turning and through movements. The placement of a median
crossover must be considered very heavily because crossovers introduce conflict points
and could reduce the safety of the facility [1].
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Types of crossover design

The following crossover types are listed from most desirable to least desirable.

e Use of alternate routes and access: This uses the existing infrastructure to
provide the same service a crossover would.

e Directional Crossovers: A directional crossover provides a turn for only one
direction. These crossovers provide for the predominant movement and prove
to be much safer for the public. These only allow the major street to turn onto
side streets no straight across movement or left turn is allowed from the side
street.

e Median U-turn Crossovers: allow for a u-turn for the major street, but no through
movement from a side street.

¢ All-Movement Crossover: provide for all movements at the intersection. The
use of these crossovers is reserved for situations where sufficient space is
available and all other crossover designs are not viable. The use of this
crossover decreases capacity and increases delay and congestion.

General guidelines for median crossover installations on new and existing facilities

All median crossovers on new and existing facilities will be evaluated from an
operational and safety perspective. Adequate spacing will be examined to determine if the
proposed crossover is justified. The availability of adequate spacing alone will not warrant
a new crossover. It is the responsibility of the requesting party to provide the justification
for a crossover. Only the appropriate type of crossover will be considered for the facility
based on the safety and operational needs of that facility. A median crossover will not be
allowed if a left turn deceleration lane of adequate length cannot be provided and the
crossover will not impede of the storage space of any other intersections. U-turns must be
either correctly accommodated or restricted and the proper design vehicle must be used to
accommodate all movements. All current NCDOT sight distances must be met where the
crossover will be installed and the grade of the crossover may not exceed 5%. Special
consideration must be given to the vertical profile of any median crossover that has the
potential for future signalization. The median width may not be less than 16 feet.

Median Crossover Guidelines for NC Streets and Highways
Interstate and non-interstate highways with full control of access

No public-use median crossovers will be allowed. U-turn median openings for
emergency and service vehicles can be allowed when an engineering study clearly
indicates a need [1].

The spacing of the median openings should abide by the following guidelines:

e U-turn median openings can be provided if they are needed and may be
placed in a safe location where decision sight distance is available.

e The crossover must be placed at least one half mile away from any overhead
structure and at least one mile from any acceleration or deceleration ramps.

e The crossovers also must be signed properly [1].
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¢ The minimum spacing of adjacent U-turn median crossovers between
interchanges is three miles. However, justification for a crossover can not be
done by just spacing alone [1].
On urban freeways, the spacing is usually too close to allow for openings. On
facilities where acceptable gaps are unlikely due to high ADTs, U-turn openings are not
allowed [1].

Divided highways without full control access (posted speeds greater than 45 mph)

The potential for more severe crashes exists on these highways due to higher
traveling speeds. Also, on high-speed facilities, development is usually not as
concentrated as you would find on low speed facilities. In order to maximize the safety of
these facilities, crossover spacing is crucial [1].

e All-movement crossovers must be at least 2000 feet apart on all divided
highways, but spacing alone will not justify a crossover.

e The operational requirements of the facility must be met for the need of a
crossover addition. A directional crossover will be considered for a facility
where the spacing requirement is not met and there is a defined need for a
left-turn access.

¢ All general guidelines for the directional crossover must be met [1].

Responsibility of locating crossovers on active roadway design projects

During the design and life of the construction project the Project and Design
Engineers in the Highway Design Branch will locate all of the crossovers for the highway.
Only crossovers at arterials, major collectors, and major traffic generators will be shown on
the design public hearing map. Intermediate crossover locations will not be specified or
addressed in the environmental section or shown on the maps. The division office must be
consulted regarding the level of access management desired for the project [1].

The engineer from the Highway Design Branch will be the one who decides if the
crossover is justified and what type of crossover should be utilized. Priority will be given to
placing median crossovers at existing intersecting streets. After the crossovers are
located for existing streets that justify a crossover, the engineer will examine the rest of the
facility to determine any reasonable alternative routes or access points, to determine if any
other major traffic generators justify a crossover. The crossover design that shows best
meets the operational, access and safety requirements will be shown [1].

Some special circumstances may justify the need to deviate from these guidelines.
If requests for crossovers are made they will be reviewed by the Traffic Engineering and
Safety Systems Branch and the Division Office and recommendations will be given. The
State Design Engineer will be the only one that may grant exceptions to any of these
guidelines on active design and construction projects. Prior to the contractual agreements,
all negotiated crossovers must be reviewed by the Traffic Engineering Branch, the
Highway Design Branch, Division Office, and the appropriate local officials if applicable [1].
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Responsibility of locating new crossovers on existing facilities

The approval of median crossovers requests for existing highways is the
responsibility of the Traffic Engineering and Safety Systems Branch. Any request that may
come to Roadway Design or Design Services shall be given to the appropriate Division
Engineer. The Division Engineer shall perform a traffic engineering investigation using all
of the criteria given in these guidelines. The Division Engineer shall provide a written
report with the recommendations which will be forwarded to the Traffic Engineering and
Safety Systems Branch for further study. The Traffic Engineering and Safety Systems
Branch will conduct necessary investigations, which include discussions with other
branches, units, and appropriate local officials if applicable. The State Traffic Engineer is
responsible for the final approval or denial of the requests. The State Traffic Engineer will
be the only person responsible for granting exceptions to these guidelines on all existing
facilities. The Division Engineer will then be notified of the decision reached [1].

Crossovers considered for private developments on existing facilities

A private development will be responsible for the funding and installation of an
added median crossover as long as it justifies direct access and the benefits of the median
crossover. It is the responsibility of the requesting party to provide justification for new
crossovers. If the proper information is not provided, the proposal will not be reviewed.
The developer must submit a full set of plans and specify the exact location, design and
construction requirements for the proposed median crossover. Only the appropriate
crossover that meets the operational and safety requirements of the facility will be
considered. Approval of the crossover is subject to a traffic engineering study and
approval procedures as outlined in these guidelines [1].

Any drainage structures required for the crossover are the responsibility of the
developer and must be funded by either the developer or the applicant at their expense.
After the construction is completed in accordance with the Division of Highways
requirements and standards, and passes an inspection by the District Engineer, the
Division of Highways will assume ownership and maintenance of the crossover [1].

Failure to comply with the location, design, or construction requirements will result
in the crossover being barricaded or removed until the problems have been corrected at
the expense of the applicant. Once the Division of Highways assumes ownership, the
median crossover will then be subject to the regulations under the police power of the
State [1].

The department retains the authority to close or modify any crossover that it deems
to be operationally unsafe for the traveling public; or causes a delay, congestion or
adversely impacts the operation of traffic [1].

Special use crossovers
Median crossovers for special purposes will only be considered after a traffic

engineering study. Emergency response plans and the expected level of need, in addition
to geometric limitations of the current facility will be used in the consideration for all special
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use crossovers. All approved special use crossovers will be appropriately designed,
delineated, and regulated. Adequate spacing alone will not justify the need for a new
crossover [1].

Travel Efficiency of Unconventional Suburban Arterial Intersection Designs

Lower cost design strategies for intersections are greatly needed to reduce
congestion on major suburban arterials where all of the conventional techniques have
been attempted. This paper reports the possible gains in travel efficiency from three
unconventional designs: the median U-turn, where a left turn is utilized to cross the arterial
about 180 meters away from the major intersection; continuous green-T (CGT)
intersections, where one or two lanes at the top of the “T” always have a green light; and
the North Carolina State University (NCSU) Bowtie, where all the left turning traffic goes
through a roundabout on a side street about 180 meters away from the major intersection.
Traf-Netsim 4.0 was used to simulate the unconventional designs as well as a
conventional design for comparison in three experiments [4].

The three experiments showed that all designs have the ability to increase the travel
efficiency. The CGT intersection reduced both travel and stop time at the three-legged
intersections having a volume of 400 vehicles per hour per lane or more. The median U-
turn was even more efficient than the CGT as you increased the volume going through the
intersection. The NCSU Bowtie was used in an experiment with a four-legged intersection
and the results show that travel and stop time were reduced from the conventional
configuration at around 900 or more critical through vehicles per hour. There are some
guestions that remain about the unconventional strategies, but the possibility they have to
reduce the travel and stop times is clearly shown [4].

Five unconventional alternatives

When Urban and Suburban arterials become congested, there is often no
immediate relief. Intelligent Transportation systems offer hope too far into the future (and
mostly target freeways). Widening arterials, creating overpasses or flyovers, upgrading to
interchanges, and building bypasses are expensive and highly disruptive solutions. Five
unconventional alternatives will be considered: Median U-Turn, Bowtie, Superstreet,
Jughandle, and Continuous Flow intersections [10].

Unconventional alternatives for intersections have two goals in common: To reduce
delay for through vehicles and to reduce conflict points, spacing out any remaining points
as much as possible. This incidentally increases safety [10].

Median U-turn

Median U-Turns reduce the number of phases at a signalized intersection to two, by
eliminating signalized left turns. Vehicles wanting to turn left off of the arterial must
proceed beyond their turn, make a U turn, and return to make a right. Vehicles wanting to
make a left turn on to an arterial must first go right, and then make a U-turn [10].
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ADVANTAGES

Reduced delay for through arterial traffic
Increased capacity at the main intersection
Easier progression for through arterial traffic
Fewer stops for through traffic

Fewer threats to crossing pedestrians

Fewer and more separated conflict points [10]

DISADVANTAGES

Driver confusion

Driver disregard of the left turn prohibition at the main intersection
Increased delay for left-turning traffic

Increased travel distances for left-turning traffic

Increased stops for left-turning traffic

Larger rights-of-way along the arterial

Higher operation costs for extra signals

Longer cross street minimum green times or two-cycle pedestrian crossing
May harm roadside business traffic [10]

IDEAL LOCATION

Ideal Placement of Median U-Turns should be where there is minimal left turn

traffic. Arterials with narrow medians and no easy way to widen are poor candidates [10].

Bowtie

Bowtie intersections are a variation on the Median U-Turn. Bowties utilize

roundabouts on the cross street to accommodate left turns. The main intersection only
requires two phases. U-turns are difficult, requiring vehicles to travel through both
roundabouts and the intersection three times [10].

ADVANTAGES

Reduced delay for through arterial traffic
Increased capacity at the main intersection
Reduced stops for through arterial traffic
Easier progression for through arterial traffic
Fewer threats to crossing pedestrians
Reduced and separated conflict points [10]

DISADVANTAGES

Driver confusion

Driver disregard for left turn prohibition at main intersection
Increased delay for left-turning and cross street through traffic
Increased travel distances for left-turning traffic

Increased stops for left-turning and cross street through traffic
Additional right-of-way for the roundabouts
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¢ Difficult arterial U-turns [10]

IDEAL LOCATION

Bowties should be considered at arterials where high through volumes conflict with
moderate to low cross street and left turn volumes. Design locations must be relatively far
apart [10].

Superstreet

Superstreet designs change four-approach intersections into two independent
three-approach intersections by requiring cross street through and left turn traffic both to
and from the main arterial to use directional crossovers. This allows each direction to have
its own signal timing [10].

ADVANTAGES
¢ Reduced delay for through arterial traffic and for one pair of left turns
e Reduced stops for through arterial traffic
e Near perfect two-way progression at all times with any signal spacing for through
arterial traffic
e [Fewer threats to crossing pedestrians
Reduced and separated conflict points [10]

DISADVANTAGES

Driver and pedestrian confusion

Increased delay for cross street through traffic and for one pair of left turns
Increased travel distances for cross street through traffic and for one pair left turns
Slow two-stage crossing of arterial for pedestrians

Additional right-of-way along the arterial [10]

IDEAL LOCATION

Consider where high arterial through volumes conflict with moderate to low cross
street through volumes. Design suffers from the same restrictions as Median U-turn:
arterials with narrow medians [10].

Jughandle

Jughandles utilize ramps diverging from the right side of the arterial to
accommodate all turns from the arterial. Ramps begin prior to the intersection. Left turns
from arterial use the ramp, then turn left on the cross street at the ramp terminal, which are
stop-controlled for left turns, and yield-controlled for right turns [10].

ADVANTAGES
¢ Reduced delay for through arterial traffic
e Reduced stops for through arterial traffic
e Easier progression for through arterial traffic
e Narrower right-of-way needed along the arterial
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Reduced and separated conflict points [10]

DISADVANTAGES

Driver confusion

Driver disregard for left turn prohibitions at the main intersection
Increased delay for left turns from the arterial

Increased travel distances for left turns from the arterial
Increased stops for left turns from the arterial

Pedestrians must cross ramps and the main intersection
Additional right-of-way for ramps

Additional construction and maintenance costs for ramps

Lack of access to arterial for parcels next to ramps [10]

IDEAL LOCATION

Jughandles should be considered for arterials with high through volumes, moderate

to low left turn volumes, and narrow rights-of-way. Design locations must be relatively far
apart [10].

Continuous Flow

Continuous flow intersections utilize ramps and crossovers to handle all left turning

volumes both to and from the main arterial [10].

ADVANTAGES

Reduced delay for through arterial traffic
Reduced stops for through arterial traffic
Easier progression for through arterial traffic
Narrower right-of-way needed along the arterial
Reduced and separated conflict points [10]

DISADVANTAGES

Driver and pedestrian confusion

Increased stops for left turns from the arterial

Restricted U-turn possibilities

Pedestrians must cross ramps and the main intersection, and must cross the four-
guadrant design in a slow two-stage maneuver

Additional right-of-way for ramps

Additional construction, maintenance, and operation costs for ramps and extra
signals

Lack of access to the arterial for parcels next to ramps

Costs of obtaining rights to use the design [10]
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IDEAL LOCATION

Continuous flow designs are best used on arterials with high through volumes and
little demand for U-turns. Some right-of-way must be available along the arterial near the
intersection. Design locations must be relatively far apart [10].

Summary comparison table 1.

Table 1. — Summary Comparison
Applicable Traffic Volume
Left turns Left turns Minor Street Extra Right-of-Way
Alternative from from Minor Through Needed
Arterial Street
Median U-Turn Low-Medium Low-Medium Any 30’ Wide Along
Arterial
Bowtie Low-Medium Low-Medium Low-Medium Two Circles up to 300°
Diameter on Minor St.
Superstreet Any Low-Medium Low-Medium 30’ Wide Along
Arterial
Jughandle Low-Medium Low-Medium Any Two 400’ by 300°
Triangles at Int.
Continuous Any Any Any Two 40’ by 300’
Flow Rectangles at Int.

Evaluation of Flush Medians and Two-Way, Left-Turn Lanes on Four-Lane Rural
Highways

The following is a comparison of four-lane rural highway median alternatives. The
types of median designs evaluated are: raised and depressed medians; two-way left turn
lanes (TWLTL); and flush medians. It was found that drivers use flush medians and
TWLTLs in the same manner, so they can often be considered the same in use for design
purposes [3].

Two way left turn lanes

TWLTLs offer unlimited access to adjacent properties, and provide a storage area
for turning vehicles outside of the main traffic stream. This design naturally increases
traffic safety, and is optimum for increasing flow for through traffic [3].
Raised median

Raised medians provide a physical barrier to vehicles, offering the greatest degree

of control over left turn movements and access to adjacent properties through breaks in
the median [3].
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Flush median

Flush medians are intended to function as a raised median, but use pavement
markings instead of a physical barrier to control turning movements. While illegal, drivers
largely ignore the markings, and use the median as a TWLTL. The markings are
ineffective unless the resources to constantly enforce the laws exist [3].

Summary

For low density four-lane roads (access point density < 14.5/kilometer), flush
medians and TWLTLs performed virtually identical to each other in terms of effects on
traffic volume and accident rates. No sites of higher density which utilize flush medians
were found for comparison, although it is well documented that TWLTLs perform well on
such roads (reducing accident rates by 20-30%), and it can be assumed that flush
medians would perform similarly [3].

Once the intersection types were selected and described, it was necessary to find
other studies relevant to this research. Because congestion is caused by left-turning
traffic, it is important to review research on left-turn treatments. James L. Pline, PE wrote
about such treatments and guidelines that should be followed at intersections. He
discussed the need for site considerations as well as driver expectancy. This was followed
by a summary of an innovative intersection design used by New York State [7].

It was also necessary to view other research that has been performed on the treatment of
medians. An article by Karen K. Dixon, John L. Hibbard, and Chris Mroczka discussed the
public perception of different median treatments. The treatments researched were a
raised median and the Two-Way-Left-Turn-Lane (TWLTL). It was found that commercial
property owners preferred the TWLTL and residential property owners preferred the raised
median [2]. Similar research was performed for rural highways. The article then
compared the use of raised medians, TWLTL, and flush medians. The research,
performed in Texas, suggested that the use of TWLTL should be used instead of flush
medians [3].
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METHODOLOGY |

A fictional, isolated, rural intersection was modeled using the SYNCHRO traffic
modeling software. This intersection acted as a basic intersection onto which changes in
traffic volume demand would be placed. The major approach had two through lanes, one
left turn lane, and one right turn lane in each direction. Each design was modeled using a
speed of 45 mph and 55 mph on the major approach in order to determine if speed was a
factor that affects the measures of effectiveness. The minor approach had one through
lane and one left turn lane in each direction. The speed on the minor approach was set at
45 miles per hour because it would most likely be a collector or local road. All lane widths
were 12 feet. The storage length for all turn lanes was 200 feet. Each intersection
approach had a 0% grade. Neither parking nor bus stops were permitted near the
intersection.

Traffic volumes (measured in vehicles per hour) were added after the typical
intersection was modeled. More vehicles per hour were placed on the major approach
than on the minor approach. Few turn vehicles were added when compared to through
movements. The volumes for each movement are summarized in Table 2.

Table 2 — Typical Intersection Base Volumes

Approach Left Turns (veh/hr) Through (veh/hr) RI?VEJ#:)”S
Northt_)ound 150 1200 150
(Major)
Southbound 150 1200 150
(Major)
Eastbound
(Minor) >0 400 >0
Westbound
(Minor) >0 490 >0

Several measures of effectiveness of the typical intersection were noted. These
measures of effectiveness were delay, level of service (LOS), intersection capacity
utilization (ICU) %, and ICU LOS. Delay is based on the average total delay at an
intersection. It includes delay caused by the signal timing and by queue lengths. Delay is
measured in seconds per vehicle. The delay is then converted into a letter known as the
LOS. ICU % describes how much of an intersection’s capacity is being used. For
example, an intersection operating at an ICU % of 70% has 30% of its capacity not being
used. The percentage is then converted into a letter known as the ICU LOS.

The typical intersection was operating with an overall delay of 29.5 seconds/vehicle
ata LOS C. The ICU % was 91.8%. This means that the intersection was operating with
less than 10% reserve capacity available. Small increases in volume would most likely
cause the intersection to operate at capacity. This was chosen to be the appropriate
starting point for the analysis. If the intersection had been operating at a LOS A it would
be hard for the unconventional alternatives to show improvement. With the intersection
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operating near capacity the alternatives can show either a positive or negative change in
the LOS.

The unconventional intersections that were studied had advantages and
disadvantages for different types of traffic volume scenarios. For example, one
intersection design might work well at an intersection with high through volumes, but might
fail at an intersection with high left turn volumes. Therefore, all of the unconventional
intersection designs were modeled based on the original traffic volumes. The eight
intersection scenarios are shown in Table 3. Turning movement volumes were added to
simulate an intersection with high turning movements. Through movement volumes were
increased to simulate intersections with high through volumes. The measures of
effectiveness of each design for the eight scenarios were analyzed. The best two
scenarios based on these measures of effectiveness were noted and summarized in the
form of a table. This table could easily be used by transportation engineers as a starting
point when designing a rural intersection. A separate table was created that ranked the
unconventional intersection designs based on cost. Ranking was determined based upon
the amount of right-of-way needed, the number of bridges, length of retaining wall, and
amount of fill needed for the design. The cost table may also help a transportation
engineer when deciding which design to further explore.

Table 3 — Intersection Scenarios

Scenario Description
1 Basic Intersection Without Added VVolume
5 Added Left Turn Volumes From Major
Approach
3 Added Left Turn Volumes From Minor
Approach
4 Added Left Turn Volumes From Both
Major And Minor Approaches
5 Added Right Turn Volumes From Major
Approach
5 Added Right Turn Volumes From Minor
Approach
7 Added Right Turn Volumes From Both
Major And Minor Approaches
8 Added Through Volumes From Minor

Approach




23

METHODOLOGY I

The selected designs were again evaluated using SYNCHRO simulation. This
evaluation loaded the different designs with traffic volumes and then increased the
volumes until capacity was reached (LOS E), failure occurred (LOS F) or the total volume
entering reached 8047 vehicles per hour.

AutoCAD was used to draw each of the non-traditional intersection types. The
geometrics of each intersection type drawn in AutoCAD were submitted to the North
Carolina Department of Transportation (NCDOT). A committee at NCDOT used these
drawings to generate basic construction costs for each of the eight designated intersection
types.

Once the drawings were completed, SYNCHRO ver. 6 (SYNCHRO) was used to
model the eight intersection types for evaluation and analysis. This was performed to
determine the LOS of each type of intersection based upon hourly volumes of traffic. All
SYNCHRO models were subjected to NCDOT design guidelines including a minimum
initial green time of 7.0 seconds, a yellow time of 5.0 seconds, and an all-red time of 2.0
seconds. Also used in each SYNCHRO model was a peak hour factor (PHF) of .92 and a
heavy vehicle percentage of 2%. From here, the signal network was optimized for each
model.

Next, a base count of 1600 vehicles per hour (vph) was used. On the major
thoroughfare, each through movement had 400 vph while each turn movement had 25
vph. On the minor approach, each through movement had 270 vph and the turn
movements had 15 vph each. See Figure 1 following.

Figure 1. 1600 vph Turn Movements

25 400 25

J l |_> <+ 200
15 —*4-‘ T ’-b Minor

25 400 15

Major

These initial counts were increased by 10% and the analysis was run again. This
process was repeated until the intersection reached an LOS E, LOS F, or until the count
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reached 8047 vph. The turn movement counts for each hourly volume, from 1600 vph to
8047 vph, can be viewed in Appendix A.

Once the intersection types were modeled, intersections in North Carolina were
inventoried to find candidates for the study. Criteria were set by the researcher, members
of a committee existing of faculty among UNC Charlotte, and staff within the NCDOT. The
criteria of fit intersections included a speed limit of at least 55 miles per hour (mph), a rural
area, and a remote signal; no other signals within two miles. A compilation of locations
where likely intersections would be was provided by NCDOT.

An inventory of the most suitable intersections was created following visits to areas
matching the criteria. Once a location was found, measurements were made to determine
lane widths and lengths. Pictures were taken on each approach to be used later for
reference.

The geometrics of the suitable intersections were drawn in AutoCAD for review by
NCDOT. These drawings were used by the committee to approve the selected
intersections.

After suitable intersections were found, they were modeled using SYNCHRO. The
geometrics of the intersections were modeled using the measured lane lengths and widths
from the site. The traffic was modeled through the same process of using 1600 vph and
increasing the amount of traffic by 10% until the intersection reached LOS E, LOS F, or
until the intersection reached 8047 vph. The same guidelines for signal timing, PHF, and
heavy vehicles used in the analysis of the intersection types were used as well. When
the suitable intersections were identified, construction costs were compiled by committee
members in NCDOT for each intersection type.

Next, traffic volumes were gathered for the locations of each suitable intersection.
This was accomplished by referring to the NCDOT website, which has links to the Annual
Average Daily Traffic (AADT) counts for roadways in North Carolina [6]. The state
maintains a separate file for each county. After the counts were gathered, the
intersections were grouped together based upon the AADT for the area.

Finally, a benefit/cost analysis was performed to determine which intersection type
was best suited for each intersection. By calculating the cost of delay for each vehicle
using the intersection and comparing it to the construction and operations and
maintenance costs, the analysis was performed.
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ALTERNATIVE DESIGNS

INTRODUCTION

The eight intersection scenarios can be improved with the addition of traditional or
unconventional designs. The traditional design improvements used in this study were lane
additions and optimization of the signal timing. The unconventional intersection designs
that were used in this study are:

e Echelon Interchange

Single Point Urban Interchange
Tight Diamond Interchange
Quadrant
Median U-Turn
Michigan Urban Diamond
Center Turn Overpass

ECHELON

The Echelon design is a very unique interchange. The design separates two
approaches by grade. Two adjacent approaches (e.g. — Northbound and Eastbound) are
elevated while the other two approaches (Southbound and Westbound) remain at-grade.
Any two adjacent approaches can be chosen to be elevated [1]. Figure 2 illustrates the
design of an Echelon interchange. The design results in a pair of intersections. The
elevated approaches act like the intersection of two one way streets. The same is true for
the approaches at-grade. Both intersections are controlled by a two phase signal.
According to Jonathan Reid, “The Echelon design is most appropriate at high-volume
intersections located within a signalized network...The Echelon interchange has the
greatest overall operations benefits where the arterial and cross street volumes are similar

[5].

This design is suitable for areas that see frequent pedestrian traffic. All pedestrians
can cross at-grade. The pedestrians do not cross any roadway that has traffic moving in
both directions. The pedestrians also do not wait as long to cross because the two phase
signal is shorter [1].
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Figure 2 — Echelon Interchange Design
http://attap.umd.edu/UAID
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SINGLE POINT URBAN INTERCHANGE

The design of the Single Point Urban Interchange (SPUI) separates the through
movements on the main roadway from all other movements. The through movements are
separated by either an overpass or an underpass. All other movements meet at a single
intersection. Figure 3 shows a SPUI design with the main through movements passing
underneath the signalized intersection. Jonathan Reid writes, “The SPUI is particularly
efficient compared to other interchanges where left-turn movements are heavy and/or
where there are other signalized intersections nearby” [5].
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Figure 3 — Single Point Urban Interchange Design
http://attap.umd.edu/UAID
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The single signal replaces the two closely spaced intersections found at
conventional Diamond Interchanges. The single, signalized intersection allows for better
progression on the minor roadway. However, the single intersection requires a larger area
to be paved [1].

TIGHT DIAMOND

The Tight Diamond Interchange is almost identical to a conventional Diamond
Interchange. However, the Tight Diamond Interchange places the ramps as close as
possible to the main roadway. This not only saves right-of-way, but it also may decrease
delay in some cases. Figure 4 illustrates the design of a Tight Diamond Interchange. The
Tight Diamond operates best when turn movements are imbalanced or much higher than
the through movements [1].
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Figure 4 — Tight Diamond Interchange Design
http://attap.umd.edu/UAID

ARTERIAL

CROSS STREET

CENTER TURN OVERPASS

The Center Turn Overpass is another uniquely designed interchange. This design
elevates all of the left turn movements at an intersection. All other movements stay at-
grade. Vehicles making left turns pass through a two phase signal above the main
intersection. Through movements and right turns are made at the main intersection at-
grade. This intersection is also controlled by a two phase signal. Jonathan Reid writes,
“The Center Turn Overpass’s greatest operational benefits compared to a conventional
intersections design occur where the arterial and cross street volumes are similar, and left-
turn volumes are moderate to high” [5]. Figure 5 illustrates a Center Turn Overpass
Design.

The Center Turn Overpass works well in areas with high left turn volumes. Through
movements do not have to wait for left turning vehicles. The ramps for the left turn
movements are also confined to the median [1]. “A minimal CTO approach roadway can
be built within a 32-foot median, assuming two 12-foot approach and departure lanes and
2-foot offsets to the outside 2-foot concrete barriers” [1]. This reduces the need for large
amounts of right-of-way.




Figure 5 — Center Turn Overpass Design
http://attap.umd.edu/UAID
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QUADRANT

The Quadrant design utilizes an extra roadway constructed in one of the
intersection’s four quadrants. This roadway can be seen in Figure 6. Left turn
movements are prohibited at the main intersection. Vehicles wanting to make left turns
must use the quadrant roadway. The Quadrant design operates best where through
volumes on the major approach are high and all other movements have moderate to low
volumes [1].

Only a two phase traffic signal system is needed at the main intersection. This is
due to the prohibition of left turn movements. The T-intersections at both ends of the
guadrant roadway require a three phase traffic signal system. All three signals must be

29
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coordinated. Proper offset times between signals allows vehicles on the main roadway to
progress through the intersections without stopping. This optimizes through movements
on the main roadway.

There are several other important features of the Quadrant design. It is important
the intersections at each end of the quadrant roadway be T-intersections. The
coordination of the signals would be negatively affected if a fourth leg were added to one
of these intersections. The area closed in by the quadrant roadway may be developed.
However, the area may be left unused if additional traffic demand from a development is
not desired [1].

Figure 6 — Quadrant Design
http://attap.umd.edu/UAID
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MEDIAN U-TURN

The Median U-Turn design prohibits left turn movements at the intersection. The
design can be seen in Figure 7. Vehicles turning left from the major approach must first
pass through the main intersection. Then the vehicles must make a U-turn. The vehicles
complete the left turn by turning right at the main intersection. Vehicles turning left from
the minor approach must first turn right onto the major roadway. Then they must make a
U-turn and proceed through the main intersection to complete the left turn. The Median U-
Turn design operates best where the major approach has high through volumes and
moderate to low left turn volumes [1].

Figure 7 — Median U-Turn Design
http://attap.umd.edu/UAID
]
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The prohibition of left turns at the main intersection is one of the key features of the
design. Only two phases are needed because of the lack of left turn movements. More
time can also be given to the through movements because of the lack of left turn
movements.

As seen in Figure 7, vehicles crossing the major roadway must pass through two
traffic signals. The second signal in this progression must stay green for some time after
the first signal has turned red. This allows all vehicles to pass through the intersection
without any left waiting in the center.
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It is also necessary to coordinate the U-turn signal with the signal at the main
intersection. Vehicles leaving the U-turn intersection should reach the main intersection as
it turns green. This is the most efficient condition.

MICHIGAN URBAN DIAMOND

The Michigan Urban Diamond Interchange is similar to the Median U-Turn Design.
Both designs prohibit left turns at the main intersection. Vehicles wanting to turn left must
pass the main intersection and then make a U-turn. The Michigan Urban Diamond
Interchange is different from the Median U-Turn Design because the through lanes on the
main roadway are separated by grade from the rest of the movements. All of the
signalized intersections are separated from the main roadway through movements using
ramps and bridges. Figure 8 shows the design of the Michigan Urban Diamond
Interchange [1]. According to Jonathan Reid, “The Michigan Urban Diamond has the
greatest timesaving benefits on arterials that have high through-movements and moderate
or low volumes of left-turns and cross street movements”[5].

Figure 8 — Michigan Urban Diamond Interchange
http://attap.umd.edu/UAID
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Of the ten states chosen for questioning about alternative intersection treatments
used, only six responded. Those who replied were Michigan, Texas, Illinois, Wyoming,
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Alabama, and Alaska. Michigan has used a variety of intersection designs throughout the
state. The most popular design used is the Michigan Left or Indirect Left. Michigan also
has continuous flow intersections but they are not at today’s design standards. A three-
lane roundabout is also very popular.

Texas mostly uses SPUIs but is in discussions about the design of a Continuous
Flow and a Roundabout. lllinois reported not having any non-traditional intersections as
did Wyoming. Alabama prefers the use of Jughandles and has found that these are
effective when designed at an angle of 90 degrees and with a posted speed limit of 35
mph. Alaska noted that it used numerous SPUIs along with Diamond and Tight Diamond
interchanges. It was also reported that one SPUI was removed by placing a roundabout at
the end of each leg.

Each of the eight intersection types were drawn in AutoCAD 2006 using dimensions
determined by the general guidelines in the literature review. Each of the intersection
drawings can be seen in Appendix B.

Each of the eight intersection types were modeled using SYNCHRO. First, the
intersections were drawn in, and then traffic was added to show the LOS at each
intersection. The geometrics of each intersection type were based upon existing data
found in the literature review.

Each intersection type maintained a suitable LOS A in the 1600 vph volume. The
Continuous Flow intersection reached LOS E at an hourly volume of 7315 vph. The CTO
failed at 7315 vph as did the Echelon. The Median U-turn achieved a LOS E at 7315 vph,
as well. The Michigan Diamond was able to handle all traffic volumes within an acceptable
LOS C. The Quadrant design failed at 8047 vph. The SPUI, even at 8047 vph, never
failed. The Tight Diamond intersection also never failed. Even when the turn movement
counts were increased up to the 8047 vph threshold previously determined it still had a
LOS A. This lack of failure or deterioration in LOS prompted further investigation of the
intersection type. It is possible the analysis program is incapable of accurately modeling
an intersection with signals placed as close together as the Tight Diamond requires.
Therefore, the Tight Diamond intersection was deleted from further study and evaluation
and was eliminated as a suitable alternative. The failure volumes are summarized in Table
4. Separated by intersection types, the output files for the 1600 vph and failing volumes
are displayed in Appendix C.



Table 4. Failure Volumes for Intersection Types

Intersection Type

Failure Point

Continuous Flow

7315 vph (LOS E)

CTO

7315 vph (LOS E)

Echelon

7315 vph (LOS F)

Median U-turn

7315 vph (LOS E)

Michigan Diamond

8047 vph (LOS C)

Quadrant

8047 vph (LOS E)

SPUI

8047 vph (LOS D)

Tight Diamond

8047 vph (LOS A)




35

Application to North Carolina Locations

Six suitable intersections were discovered in the inventory process. Two are
located in the mountain region (mountainous), three are in the Piedmont region (rolling),
and one is in the coastal region (level). These locations are represented as stars in Figure
9, following.

Figure 9. Suitable Intersection Locations

tlanta Metro Area

One of the mountainous intersections was NC Hwy 280 at Forge Mountain Road
(SR 1316) in Henderson County. The other mountainous intersection is US Hwy 19-74-
129 at Locust Street (SR 1436), is located in Cherokee County. The three intersections in
the rolling areas include NC Hwy 152 at Old Concord Road (SR 1002) in Rowan County,
US Hwy 29 at Pitt School Road (SR 1036) in Cabarrus County, and US Hwy 74 at Forest
Hills School Road (SR 1754) in Union County. The last intersection, located in the level
region, is US Hwy 158 at US Hwy 258 in Hertford County.

Using the dimensions gathered in the inventory process, the suitable intersections
found were drawn in AutoCAD using the same version previously noted. Each of the
intersection drawings can be seen Appendix D.

After dimensions were taken, the intersections were modeled using SYNCHRO
traffic analysis program. Existing lane widths and lengths were used for the geometrics
and an hourly volume was applied for modeling of the traffic. The same process of
increasing the hourly volume by 10% starting with 1600 vph was used. Also used from
prior modeling were the set guidelines for signal timing, PHF, and heavy vehicles.

Each suitable intersection was modeled with 1600 vph as the base traffic volume.
NC Hwy 280 at Forge Mountain Road (SR 1316) had a LOS B at the initial volume of 1600
vph and reached a LOS F at 4541 vph. The intersection of US Hwy 19-74-129 at Locust
Street (SR 1436) had a LOS B at the initial 1600 vph volume and achieved a LOS E at
4995 vph. The intersection of NC Hwy 152 at Old Concord Road (SR 1002) was a LOS B
at the initial volume. It reached a LOS E at 2835 vph. The intersection of US Hwy 29 at
Pitt School Road (SR 1036) had a LOS B at 1600 vph and failed with a LOS E at 4995
vph.
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The intersection of US Hwy 74 at Forest Hills School Road (SR 1754) reached a
LOS B at 1600 vph and a LOS F at 4128 vph. The last intersection, US Hwy 158 at US
Hwy 258 had a LOS B at the initial traffic volume and reached a LOS E at 4995 vph. The
intersection failure volumes are summarized in Table 5 following. The output files for each
intersection at the initial 1600 vph volume and the volumes at failure can be seen in
Appendix E.

Table 5. Suitable Intersection Failure Volumes

Intersection Failure Point
NC Hwy 280 & Forge Mountain Road 4541 vph (LOS F)
US Hwy 19-74-129 & Locust Street 4995 vph (LOS E)
NC Hwy 152 & Old Concord Road 2835 vph (LOS E)
US Hwy 29 & Pitt School Road 4995 vph (LOS E)
US Hwy 74 & Forest Hills School Road 4128 vph (LOS F)
US Hwy 158 & US Hwy 258 4995 vph (LOS E)

Construction costs were compiled by committee members of NCDOT. These were
based upon the geometric drawings that were submitted as well as typical construction
costs within the industry. The costs were broken down by intersection type and included
clearing and grading, paving, traffic control, and other miscellaneous construction costs.

The Continuous Flow intersection costs about $8.8 million while the CTO costs
about $10.1 million. The Echelon intersection type would cost about $12 million and the
Median U-turn would cost about $1.2 million. The Michigan Diamond is estimated to cost
approximately $20.6 million and the Quadrant, about $2.1 million to construct. Building
costs are approximately $18.5 million for the SPUI. Table 6 summarizes the provided
costs estimates which can be viewed in detail in Appendix F.

Table 6. Provided Construction Cost Estimates

Intersection Type Cost (Million $)
Continuous Flow 8.8
CTO 10.1
Echelon 12.0
Median U-turn 1.2
Michigan Diamond 20.6
Quadrant 2.1
SPUI 18.5

The county for each suitable intersection was noted and used to look up the AADT
for the intersection. The most recent AADT available for Cabarrus and Rowan counties
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was for year 2004. The remaining four counties, Cherokee, Henderson, Hertford, and
Union each had data from 2005. In order to have all count data in the same year, a growth
rate of 3% was applied to the Cabarrus and Rowan county volumes. The percentage used
is based upon current growth rates used in typical traffic analyses in the corporate setting.

After applying the growth rate, each county had AADT for the year 2005. For
Cabarrus County, the AADT for US Hwy 29 became 30,000 vehicles per day (vpd) and for
Pitt School Road the volume became 9000 vpd. The counts for Rowan County became
9000 vpd for NC Hwy 152 and 4500 vpd for Old Concord Road [6].

In Henderson County, NC Hwy 280 had an AADT of 13,000 vpd. The traffic
volumes for Cherokee County revealed an AADT of 8000 vpd on US Hwy 19-74-129 and
about 1300 vpd for Locust Street. Hertford County had traffic volumes of 5000 vpd on US
Hwy 158 and 4000 vpd on US Hwy 258. The last 2005 data, used for Union County,
showed an AADT of 21,000 vpd on US Hwy 74 [6]. The AADT maps can be seen in
Appendix G. Table 7 summarizes the suitable intersections by traffic volume and location.

Table 7. Suitable Intersection Summary

AADT

Intersection Location Terrain (vpd)

NC Hwy 280 & Forge Mountain Road Mountains | Mountainous | 13,000
US Hwy 19-74-129 & Locust Street Mountains | Mountainous | 8,000
NC Hwy 152 & Old Concord Road Piedmont Rolling 9,000
US Hwy 29 & Pitt School Road Piedmont Rolling 30,000

US Hwy 74 & Forest Hills School Road Piedmont Rolling 21,000
US Hwy 158 & US Hwy 258 Eastern Level 5,000

Operation and Maintenance costs were also gathered for a typical four-legged
signalized intersection. These costs included annual utility costs, signal cabinet
replacement in year ten, and annual maintenance costs. The annual maintenance costs
consist of preventative maintenance and emergency calls.

After the data was gathered, a benefit/cost analysis was performed to determine the
best intersection design for each suitable intersection found in North Carolina.

Each suitable intersection was compared to the cost estimates for the intersection
types provided by NCDOT. Some adjustments of the numbers were needed because
each cost estimate was slightly different. Some of the estimates were evaluating the
conversion of existing grade separation to an intersection type. Others evaluated
converting an existing at-grade intersection to one of the non-traditional intersection types.
One intersection type, the Continuous Flow, was evaluated assuming a new location
(Appendix F). For consistency, each suitable intersection location, beginning with the
mountainous intersections, will be evaluated by comparing the costs of the different
intersection types for the area.

The first mountainous intersection evaluated, NC Hwy 280 and Forge Mountain
Road, services 13,000 vpd. The Continuous Flow cost estimate needed to be adjusted for
this location. Because the construction estimate assumed a new site, adjustments were
made to the cost of excavation and clearing and grubbing. Since this intersection is an
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existing location already at-grade, the estimated cost was reduced by about $660
thousand, making the construction cost about $8.1 million.

The next intersection type needing cost adjustment for this location is the CTO.
This cost estimate is listed as converting an existing at-grade intersection to a CTO, but
because the intersection is in the mountains, the cost of creating a grade separation would
be lower because the minor approaches are already elevated. The cost of the earthwork
and abutments is reduced by about half, approximately $550,000, and this makes the
construction cost about $9.4 million.

There would also be a cost reduction in the conversion to an Echelon intersection.
The provided cost estimate is for converting an at-grade intersection to an Echelon. Once
again, with this intersection being in the mountains, the grade separation would be less
expensive. The cost of earthwork decreases by about $98,000 making the final
construction cost around $11.8 million.

A cost adjustment for the Median U-turn is unnecessary because the estimate is
based upon converting an existing at-grade intersection. The construction cost estimate
would remain at $1.2 million. There would be a slight cost adjustment to the estimate
given for the Michigan Diamond. The estimate is based upon converting a grade
separated intersection to a Michigan Diamond. The intersection of NC Hwy 280 and Forge
Mountain Road is not grade separated; however, the minor roadway is elevated. The
reduction in the earthwork costs would be about half of the given estimate. This would
reduce the cost by almost $385,000, making the estimated construction cost at $20.2
million.

For the next intersection type, the Quadrant, there would be no adjustment in the
cost because the estimate is based upon converting an existing at-grade intersection. This
would leave the approximate cost of construction at $2.1 million. There would be an
adjustment on the estimate for a SPUI at this location. The given cost estimate is based
upon converting an existing grade separated intersection. This would cause a reduction in
the cost of excavation and the ramps. The price would be reduced by about $1.2 million,
making the final cost around $17.0 million.

The next intersection to be evaluated was US Hwy 19-74-129 and Locust Street.
This intersection has about 8,000 vpd and is also in the mountains. The costs would be
the same as those for the intersection of NC Hwy 280 & Forge Mountain Road because of
the similar terrain.

The intersections in the Piedmont, or rolling terrain, were then evaluated together.
As noted previously, the intersection of NC Hwy 152 and Old Concord Road has about
9,000 vpd. The intersection of US Hwy 29 and Pitt School Road has about 30,000 vpd
and the intersection of US Hwy 74 and Forest Hills School Road has about 21,000 vpd.
The estimate provided for the Continuous Flow intersection type is assuming a new
location. There would be some adjustment in the excavating costs by about $380
thousand making the final construction estimate $8.4 million for all rolling terrain locations.

The cost estimates for the CTO, Echelon, and Median U-turn would remain as they
were provided. All three were based upon converting an existing at-grade intersection into
each specific type. This keeps the costs for the CTO, Echelon, and Median U-turn at
$10.1 million, $12.0 million, and $1.2 million, respectively.

There would need to be adjustments made to the construction cost estimate for the
Michigan Diamond. The existing estimate is for converting an existing grade separated
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intersection. The intersections in the rolling terrain are not grade separated. Because they
are in such terrain, the cost reduction would be about $256,000, a 1/3 reduction in the cost
given for earthwork. This lowers the final estimate to $20.3 million.

There was no cost reduction for the Quadrant intersection as the estimate was for
converting existing at-grade intersections. This leaves the costs at $2.1 million for the
Quadrant. The cost estimate for constructing a SPUI at these locations would be adjusted.
The price of excavation and ramps would be reduced by $510,000, a 1/3 reduction in the
costs, bringing the total estimated cost to around $17.8 million.

The last intersection evaluated for construction costs, on level terrain, was US Hwy
158 and US Hwy 258 in Hertford County. This intersection sees about 5,000 vpd. Once
again, the cost estimate for the Continuous Flow intersection type was assuming a new
location. There was a reduction in the cost of excavation of approximately $380 thousand.
This particular intersection already has such a wide median giving it more right-of-way so
there would not be as much to excavate. The new total to build a Continuous Flow
intersection at this location is approximately $8.4 million. The cost estimates given for the
CTO, Median U-turn, and Quadrant would remain as given. Each are priced assuming a
conversion of an existing at-grade intersection like this one. The construction cost for a
CTO would be about $10.1 million, an Echelon around $12.0 million, a Median u-turn
around or near $1.2 million, and a Quadrant almost $2.1 million.

The Michigan Diamond cost estimate is assuming an existing grade separation.
There would be double the cost of earthwork and structures, around $3.8 million to be
implemented at this level, at-grade location. This brings the construction cost to almost
$25.0 million. The same cost doubling would occur for the SPUI, raising the cost for
excavation and ramps to almost $4.7 million, and bringing the estimated construction cost
to around $21.2 million. Table 8 summarizes the final estimated construction costs.

Table 8. Final Construction Cost Estimates

Intersection Type Cost (Million $)
Continuous Flow 8.1 8.1 8.4 8.4 8.4 8.4
CTO 9.4 9.4 10.1 10.1 10.1 10.1
Echelon 11.8 11.8 12.0 12.0 12.0 12.0
Median U-turn 1.2 1.2 1.2 1.2 1.2 1.2
Michigan Diamond 20.2 20.2 20.3 20.3 20.3 25.0
Quadrant 2.1 2.1 2.1 2.1 2.1 2.1
SPUI 17.0 17.0 17.8 17.8 17.8 21.2
>
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The unique characteristics of each suitable intersection could, of course, affect the
overall cost of construction for any of the designs presented. These cost estimates were
based upon NCDOT provided estimates and any adjustments to the costs were based
upon general assumptions of the research committee.

To effectively compare the benefit/cost ratios of the suitable intersections with those
of the unconventional design, it was necessary to determine the operations and
maintenance costs of an intersection and factor them with construction costs. The
operations and maintenance costs were gathered from NCDOT personnel. They included
annual utilities costs of $600 per year. The costs of preventative maintenance and routine
or emergency repairs was approximately $2,000 per year. Also included in the given
operations and maintenance costs were replacement signal cabinet costs; about $12,000
every ten years. NCDOT also stated that the typical life of an intersection was 20 years.

After the operations and maintenance costs were finalized, it was necessary to
determine the cost of delay for each suitable intersection and intersection type. The delay,
found in the SYNCHRO output files, was multiplied by $15/vehicle/hour [9]. The cost of
delay was determined by the research committee to be reasonable. This estimate was
also based upon the assumption of one occupant per vehicle. The delay for each suitable
intersection was found and multiplied by the factor. Then, the delay for each intersection
type at the corresponding maximum volume was found and multiplied by the cost. A
summary of the costs for each intersection and each intersection type at the corresponding
volumes can be seen in Table 9.

Table 9. Delay Costs

Intersection Delay Cost ($/hr)

NC Hwy 280 & Forge Mountain Road  [1515.6| 411.1| 315.0] 473.0] 215.7| 161.8| 250.4| 263.0
US Hwy 19-74-129 & Locust Street 1400.7| 782.3| 531.8| 882.5| 266.4| 178.5| 294.8| 513.4
NC Hwy 152 & Old Concord Road 738.3[177.7| 107.5| 125.2] 114.3] 73.8/ 100.8] 98.4

US Hwy 29 & Pitt School Road 1677.5 782.3| 531.8| 882.5| 266.4| 178.5| 294.8| 513.4
US Hwy 74 & Forest Hills School Road 997.6[ 295.8| 216.7| 297.6| 175.4| 137.6| 182.3| 203.5
US Hwy 158 & US Hwy 258 1300.8] 782.3| 531.8| 882.5| 266.4| 178.5| 294.8| 513.4
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After the cost of delay was found, the next step was to determine the change of (A)
delay. This was done by subtracting the costs of delay of each intersection type from the
existing delay cost of each intersection. For example, the A delay for NC Hwy 280 &
Forge Mountain Road and the Continuous Flow was $1104.4/hour ($1515.6-$411.1). The
A delays for each intersection versus intersection type are summarized in Table 10.



Table 10. Change of Delay Costs

Intersection A Delay Cost ($/hr)

NC Hwy 280 & Forge Mountain Road  [1104.4{1200.5[1042.5[1299.9[1353.8[1265.21252.6
US Hwy 19-74-129 & Locust Street 618.3 (868.9|518.2 1134.3[1222.2(1105.8/887.3
NC Hwy 152 & Old Concord Road 560.6 {630.8|613.1624.0|664.5|637.5(639.9

US Hwy 29 & Pitt School Road 895.1 (1145.7|795.0 (1411.11499.0(1382.6/1164.1
US Hwy 74 & Forest Hills School Road |[701.8|780.9|700.0|822.2|860.0|815.3|794.1
US Hwy 158 & US Hwy 258 518.4769.0|418.3 (1034.4[1122.3{1005.9|787.4
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These A delay costs were then multiplied by the 20 year life span to develop the
benefits factor of the benefit/cost analysis. The benefits are summarized in Table 11.

Table 11. Benefits

Benefit (million $) =
Intersection A delay cost * life span
NC Hwy 280 & Forge Mountain Road 193 | 210 | 183 | 228 | 237 | 222 | 219
US Hwy 19-74-129 & Locust Street 108 | 152 | 91 199 | 214 | 194 | 155
NC Hwy 152 & Old Concord Road 98 | 111 | 107 | 109 | 116 | 112 | 112
US Hwy 29 & Pitt School Road 157 | 201 | 139 | 247 | 263 | 242 | 204
US Hwy 74 & Forest Hills School Road 123 | 137 | 123 | 144 | 151 | 143 | 139

US Hwy 158 & US Hwy 258 91 [ 135 | 73 | 181 | 197 | 176 | 138
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After the benefits were found, the costs were calculated. The costs consist of the
estimated construction costs of each intersection type at each terrain, annual operation
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and maintenance costs of $2,600/year times the life span of 20 years, and the signal box
replacement costs of $24,000 ($12,000 every ten years). A summary of the costs are
displayed in Table 12.

Table 12. Costs
Cost (million $) = initial cost + Other O&M +

Intersection O&M*life span

NC Hwy 280 & Forge Mountain Road 8.176|9.476(12.33(1.771| 20.7 |2.716|17.64
US Hwy 19-74-129 & Locust Street 8.17619.476(12.11| 1.62 (20.46|2.641|17.58
NC Hwy 152 & Old Concord Road 8.476|10.18(12.28(1.511| 20.6 |2.408|18.13

US Hwy 29 & Pitt School Road 8.476|10.18(12.43(1.746 |20.69|2.767|18.51
US Hwy 74 & Forest Hills School Road (8.476(10.18|12.34| 1.58 |20.64|2.499|18.22
US Hwy 158 & US Hwy 258 8.476|10.18|12.26|1.574|25.21 {2.595 |21.74
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Next, the benefit/cost analysis was performed by dividing the benefits by the costs.
The higher costs of the Quadrant, Michigan Diamond, and Median U-turn designs, which
are three closely spaced and coordinated signalized intersections compared to essentially
one intersection makes separating these designs into a separated table for reference
purposes. Table 13 shows the benefit—cost ratios for the single intersection designs.
Table 13A shows the benefit-cost ratios for the three intersection designs.

Table 13. Benefit/Cost Ratios, Grade Separated Design

Intersection B/C ratio
NC Hwy 280 & Forge Mountain Road 115 22.2 14.8 12.4
US Hwy 19-74-129 & Locust Street 10.5 16.1 7.5 8.8
NC Hwy 152 & Old Concord Road 5.7 10.9 8.7 6.2
US Hwy 29 & Pitt School Road 12.7 19.7 11.2 11.0
US Hwy 74 & Forest Hills School Road 7.3 134 9.9 7.6
US Hwy 158 & US Hwy 258 7.8 13.2 6.0 6.3

Michigan
Diamond
CTO
Echelon
SPUI




Table 13A. Benefit/Cost Ratios, At-Grade Design

table 14.

Intersection B/C ratio
NC Hwy 280 & Forge Mountain Road 128.6 23.6 81.6
US Hwy 19-74-129 & Locust Street 122.7 13.2 73.4
NC Hwy 152 & Old Concord Road 72.3 11.56 46.4
US Hwy 29 & Pitt School Road 141.6 18.52 87.6
US Hwy 74 & Forest Hills School Road 91.2 14.51 57.2
US Hwy 158 & US Hwy 258 1151 10.74 67.9
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Based on the characteristics of the location, predicted volumes, and
construction costs, recommended treatments for the North Carolina locations are shown in

Table 14. Intersection Recommendations

Intersection

Recommended Intersection Type(s)

NC Hwy 280 & Forge Mountain Road

Median U-turn

US Hwy 19-74-129 & Locust Street

Median U-turn

NC Hwy 152 & Old Concord Road

Median U-turn, Quadrant

US Hwy 29 & Pitt School Road

Michigan Diamond

US Hwy 74 & Forest Hills School Road

Continuous Flow

US Hwy 158 & US Hwy 258

Median U-turn

43
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Findings and Conclusions

A total of 64 intersection models were created using the SYNCHRO software. Eight
intersection designs were modeled having eight different traffic volume scenarios. As
stated earlier, the following measures of effectiveness were noted for each model:
intersection delay, LOS, ICU %, and ICU LOS. A table was created for each scenario.
The measures of effectiveness of each intersection design were placed into these tables.
Appendices A through H show more detailed information about the intersection designs.
Each design was modeled using a speed of 45 mph and 55 mph in order to determine if
speed was a factor that affects the measures of effectiveness. The intersections were
then evaluated in order to determine which designs worked well for each scenario.

As stated before, each unconventional intersection design was modeled using
SYNCHRO. Figure 10 through Figure 17 show screen captions of the eight intersection
designs as modeled using the SYNCHRO software. Unsignalized intersections are
marked with a black dot. Signalized intersections are marked with a white dot.

Figure 10 — Typical Intersection



Figure 11 — Echelon
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Figure 12 — Single Point Urban Interchange

Figure 13 — Tight Diamond
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Figure 14 — Center Turn
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Figure 15 — Quadrant
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Figure 16 — Median U-Turn

Figure 17 — Michigan Urban Diamond

|
|

Some of the unconventional intersection designs consisted of more than one
intersection. Therefore, it would not have been fair to analyze all of the intersections
together. The unconventional intersection designs that consisted of three different
intersections were evaluated as a group. These intersection designs were the following:
Center Turn, Quadrant, Median U-Turn, and Michigan Urban Diamond. The remaining
intersections, which consisted of only one distinct intersection, were evaluated as another

group.

SCENARIO 1

Scenario 1 was used as the base condition. The major approach had high through
volumes with low turn volumes. The minor approach had low volumes when compared to
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the major approach. These volumes were chose in order to simulate the intersection of an
arterial and a cross-street. The volumes form each approach can be seen in Table 15.

Table 15 - Scenario 1 Volumes

Approach Left Turns (veh/hr) Through (veh/hr) Right Turns (veh/hr)
No(rltﬂhak]?g?)nd 140 1200 140
Sok‘l\tﬂr:j’grl;”d 140 1200 140
Ea(ﬁ/ltﬁ]%‘i;‘d 50 400 50
W?I\S/lti?]gf)”d 50 400 50

The Echelon and Single Point Urban Interchange operated best in Scenario 1
among the one intersection models. The Echelon had a LOS B with a very low delay time.
The ICU LOS was B. The Single Point Urban Interchange had a LOS B with a slightly
higher delay time. The ICU LOS was A. Both designs had a considerable amount of
unused capacity.

The Median U-Turn and the Michigan Urban Diamond had the best measures of
effectiveness in Scenario 1. The Michigan Urban Diamond worked best. It had a LOS A
and an ICU LOS A at all intersections. The Median U-Turn had a LOS A at all
intersections. However, the ICU LOS was worse at all intersections. The Median U-Turn
design was operating close to capacity. Table 16 and Table 17 summarize the Scenario
1measures of effectiveness for the designs with one intersection and more than one
intersection, respectively.

Table 16 — Scenario 1 Measures of Effectiveness
Desian Measure of Primary
9 Effectiveness Intersection
Delay (s) 25.1
Typical LOS c
yp ICU % 81.7
ICU LOS D
Delay (s) 13.7
LOS B
Echelon ICU % 60.9
ICU LOS B
Single Point Delay () 195
Urban LOS B
ICU % 46.7
Interchange ICU LOS A
Delay (s) 22.2
. . LOS C
Tight Diamond ICU % 554
ICU LOS B




Table 17 — Scenario 1 Measures of Effectiveness
Desian Measure of Primary Secondary Secondary
9 Effectiveness Intersection Intersection Intersection

Delay (s) 17.9 12.3 7.8

CTeSrtrfr LOS B B A
ICU % 65.4 17.3 65.4

Overpass ICU LOS C A C
Delay (s) 18.0 8.2 8.0

Quadrant LOS B A A
ICU % 72.1 44.8 60.1

ICU LOS C A C

Delay (s) 9.4 9.6 9.6

Median U- LOS A A A
Turn ICU % 66.1 83.5 83.7

ICU LOS C E E

- Delay (s) 6.0 3.7 3.7

Mbcrrt‘)'gr?” LOS A A A
Diamond ICU % 45.1 37.2 37.4

ICU LOS A A A

SCENARIO 2
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Scenario 2 used the same volumes as Scenario 1 and added left turn volumes from

to the major approach. The volumes from each approach can be seen in Table 18.

Table 18 — Scenario 2 Volumes

Approach Left Turns (veh/hr) Through (veh/hr) Right Turns (veh/hr)
Northpound 280 1200 140
(Major)
SOI(.Il\tAP;tj)(())rL;nd 280 1200 140
“orinony 50 40 ?
" inon) 50 40 ?

The Echelon and Tight Diamond operated best in Scenario 2 among the one
intersection models. The Echelon had a LOS B with a very low delay time. The ICU LOS
was B. The Tight Diamond had a LOS B with a higher delay time. The ICU LOS was B.
Both designs had a considerable amount of unused capacity.

The Center Turn and the Michigan Urban Diamond operated well in the Scenario 2
condition. The Michigan Urban Diamond worked best. It had a LOS A and an ICU LOS A
at all intersections. The Center Turn had a LOS B at all intersections. These intersections
were operating at very short delay times, almost LOS A. The intersections were also
operating at an ICU LOS C or above. Therefore, all movements had capacity for 20%
more volume [14]. Table 19 and Table 20 summarize the Scenario 2 measures of



effectiveness for the designs with one intersection and more than one intersection,
respectively.

Table 19 — Scenario 2 Measures of Effectiveness
Desidn Measure of Primary
9 Effectiveness Intersection
Delay (s) 23.9
Typical LOS ¢
yp ICU % 81.9
ICU LOS D
Delay (s) 135
LOS B
Echelon ICU % 60.9
ICU LOS B
Single Point Dell?)ys(s) 2%:'0
Urban ICU % 50.7
0 .
Interchange ICU LOS A
Delay (s) 18.9
. . LOS B
Tight Diamond iCU % 554
ICU LOS B

Table 20 — Scenario 2 Measures of Effectiveness
Desian Measure of Primary Secondary Secondary
9 Effectiveness | Intersection Intersection | Intersection
Delay (s) 13.7 13.5 9.4
Cf&‘::r LOS B B A
ICU % 65.4 245 65.4
Overpass ICU LOS C A C
Delay (s) 30.0 12.2 34.9
Quadrant LOS ¢ B c
ICU % 83.4 52.5 72.3
ICU LOS E A C
Delay (s) 9.9 14.9 14.9
Median U- LOS A B B
Turn ICU % 70.0 87.4 95.3
ICU LOS C E F
_ Delay (s) 7.5 6.0 6.0
Mt'j’rg'gr‘;"” LOS A A A
Diamond ICU % 53.7 52.3 60.3
ICU LOS A A B




52

SCENARIO 3

Scenario 3 used the same volumes as Scenario 1 and added left turn volumes from
to the minor approach. The volumes from each approach can be seen in Table 21.

Table 21 — Scenario 3 Volumes

Approach Left Turns (veh/hr) Through (veh/hr) Right Turns (veh/hr)
No(rltﬂhak]?gf)nd 140 1200 140
Sok‘l\tﬂr:j’grl;”d 140 1200 140
Ea(iﬂtﬁ]%‘fr;‘d 150 400 50
Wﬁl\sﬂti?]gf)”d 150 400 50

The Echelon operated best in Scenario 3 among the one intersection models. The
Echelon had a LOS B with a very low delay time. The ICU LOS was B. There was a
considerable amount of unused capacity.

The Michigan Urban Diamond worked best. It had a LOS A and an ICU LOS A at
all intersections. All other designs showed little improvement. Table 22 and Table 23
summarize the Scenario 3 measures of effectiveness for the designs with one intersection
and more than one intersection, respectively.

Table 22 — Scenario 3 Measures of Effectiveness
. Measure of Primary
Design Effectiveness Intersection
Delay (s) 25.8
Typical LOS ¢
yp ICU % 82.6
ICU LOS E
Delay (s) 13.8
LOS B
Echelon ICU % 60.9
ICU LOS B
Single Point Delay (s) 23.2
Urban |CL8§/ 47C 6
0 .
Interchange ICU LOS A
Delay (s) 22.9
. . LOS (o
Tight Diamond iCU % 609
ICU LOS B
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Table 23 — Scenario 3 Measures of Effectiveness
Desian Measure of Primary Secondary Secondary
9 Effectiveness Intersection Intersection Intersection

Delay (s) 13.7 11.2 9.4

CTeSrtrfr LOS B B A
ICU % 65.4 21.7 65.4

Overpass ICU LOS C A C
Delay (s) 19.9 7.7 9.4

Quadrant LOS B A A
ICU % 72.9 49.8 61.0

ICU LOS C A B
Delay (s) 9.7 16.6 16.6

Median U- LOS A B B
Turn ICU % 68.9 86.3 92.0

ICU LOS C E F

- Delay (s) 6.4 4.1 4.1

Mbcrrt‘)'gr?” LOS A A A
Diamond ICU % 45.1 48.0 53.7

ICU LOS A A A

SCENARIO 4

Scenario 4 used the same volumes as Scenario 1 and added left turn volumes from
both the major and minor approaches. The volumes from each approach can be seen in

Table 24.
Table 24 — Scenario 4 Volumes
Approach Left Turns (veh/hr) Through (veh/hr) Right Turns (veh/hr)
Northbound
(Major) 280 1200 140
Southbound 280 1200 140
(Major)
Eastbound
(Minor) 150 400 50
Westbound 150 400 50
(Minor)

The Echelon operated best in Scenario 4 among the one intersection models. The
Echelon had a LOS B with a very low delay time. The ICU LOS was B. There was a
considerable amount of unused capacity.

The Center Turn and the Michigan Urban Diamond operated best in this scenario.
The Michigan Urban Diamond worked best. It had a LOS A and an ICU LOS A at all
intersections. The primary intersection of the Center Turn design had a LOS B, but its
delay time was very low. It was operating close to a LOS A. One of the secondary
intersections was also operating at a LOS B with a low delay time. The other secondary
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intersection was operating at a LOS A. All three intersections of the Center Turn design
were operating at an ICU LOS C or above. Table 25 and Table 26 summarize the
Scenario 4 measures of effectiveness for the designs with one intersection and more than
one intersection, respectively.

Table 25 — Scenario 4 Measures of Effectiveness
Desidn Measure of Primary
9 Effectiveness Intersection
Delay (s) 24.6
Typical LOS ¢
yp ICU % 82.9
ICU LOS E
Delay (s) 134
LOS B
Echelon ICU % 60.9
ICU LOS B
Single Point Delay (s) 24.0
Urban LOS ¢
ICU % 51.7
Interchange ICU LOS A
Delay (s) 40.9
. . LOS D
Tight Diamond iCU % 746
ICU LOS D
Table 26 — Scenario 4 Measures of Effectiveness
Desian Measure of Primary Secondary Secondary
9 Effectiveness | Intersection Intersection | Intersection
Delay (s) 13.7 10.3 9.4
C'I?l?:r?r LOS B B A
ICU % 65.4 29.0 65.4
Overpass =71 6s C A C
Delay (s) 31.6 11.2 35.1
Quadrant LOS ¢ B D
ICU % 83.4 57.5 73.3
ICU LOS E B D
Delay (s) 11.2 17.0 17.0
Median U- LOS B B B
Turn ICU % 72.8 90.1 103.6
ICU LOS C E G
" Delay (s) 8.1 6.2 6.2
M'Ucrrt‘)'gr?” LOS A A A
Diamond ICU % 53.7 63.1 76.6
ICU LOS A B D

SCENARIO 5

Scenario 5 used the same volumes as Scenario 1 and added right turn volumes
from the major approach. The volumes from each approach can be seen in Table 27.
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Table 27 — Scenario 5 Volumes

Approach Left Turns (veh/hr) Through (veh/hr) Right Turns (veh/hr)
Northbound 140 1200 280
(Major)
Southbound 140 1200 280
(Major)
Eastbound
(Minor) 50 400 50
Westbound
(Minor) 50 400 50

The Echelon and Single Point Urban Interchange operated best in Scenario 5
among the one intersection models. The Echelon had a LOS B with a very low delay time.
The ICU LOS was B. The Single Point Urban Interchange had a LOS B with a higher
delay time. The ICU LOS was A. Both designs had a considerable amount of unused
capacity.

The Quadrant, Median U-Turn, and Michigan Urban Diamond operated best in this
scenario. Of these three designs, the Michigan Urban Diamond operated best. It had a
LOS A and an ICU LOS A at all intersections. The Median U-Turn had a LOS A at all
intersections. However, the ICU % suggested that all of the intersections were operating
close to capacity. The Quadrant’s primary intersection operated at a LOS B. The delay
time corresponded with a median LOS B. The ICU LOS for all intersections in the
Quadrant design was better than an ICU LOS C. The intersections had unused capacity
on all movements. Table 28 and Table 29 summarize the Scenario 5 measures of
effectiveness for the designs with one intersection and more than one intersection,
respectively.

Table 28 — Scenario 5 Measures of Effectiveness
Desian Measure of Primary
9 Effectiveness Intersection
Delay (s) 24.1
Typical LOS c
yp ICU % 81.7
ICU LOS D
Delay (s) 13.2
LOS B
Echelon ICU % 60.9
ICU LOS B
Single Point Delay (s) 195
Urban LOS B
ICU % 46.7
Interchange ICU LOS A
Delay (s) 21.1
. . LOS C
Tight Diamond ICU % 727
ICU LOS C
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Table 29 — Scenario 5 Measures of Effectiveness
Desian Measure of Primary Secondary Secondary
9 Effectiveness Intersection Intersection Intersection

Delay (s) 15.7 12.3 10.5

Cf::r?r LOS B B B
ICU % 69.8 17.3 69.8

Overpass ICU LOS C A C
Delay (s) 17.2 8.4 8.3

Quadrant LOS B A A
ICU % 72.1 50.2 60.1

ICU LOS C A B
Delay (s) 9.1 10.0 10.0

Median U- LOS A A A
Turn ICU % 66.1 87.4 87.6

ICU LOS C E E

_— Delay (s) 6.4 4.8 4.8

Mbcrg'gr?” LOS A A A
Diamond ICU % 53.7 44.6 44.7

ICU LOS A A A

SCENARIO 6

Scenario 6 used the same volumes as Scenario 1 and added right turn volumes
from the minor approach. The volumes from each approach can be seen in Table 30.

Table 30 — Scenario 6 Volumes

Approach Left Turns (veh/hr) Through (veh/hr) Right Turns (veh/hr)
No(rl\t/lhak]?g:;nd 140 1200 140
Sog&g?é’rt;”d 140 1200 140
E?ﬁﬂt&%‘i;‘d 50 400 100
W?,fﬂti?]gf)”d 50 400 100

The Echelon and Single Point Urban Interchange operated best in Scenario 6
among the one intersection models. The Echelon had a LOS B with a very low delay time.
The ICU LOS was B. The Single Point Urban Interchange had a LOS B with a higher
delay time. The ICU LOS was A. Both designs had a considerable amount of unused

capacity.

The Median U-Turn and the Michigan Urban Diamond had the best measures of
effectiveness in Scenario 6. The Michigan Urban Diamond operated better than the
Median U-Turn. The Michigan Urban Diamond had a LOS A and an ICU LOS A at all
intersections. The Median U-Turn had a LOS B at the primary intersection. The delay
time at the primary intersection was just below the boundary for a LOS A. The secondary
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intersections had a LOS A. However, the ICU LOS was worse at all intersections. The
Median U-Turn design was operating close to capacity. Table 31 and Table 32
summarize the Scenario 6 measures of effectiveness for the designs with one intersection
and more than one intersection, respectively.

Table 31 — Scenario 6 Measures of Effectiveness
Desian Measure of Primary
9 Effectiveness Intersection
Delay (s) 22.0
Typical LOS ¢
yp ICU % 78.6
ICU LOS D
Delay (s) 13.7
LOS B
Echelon ICU % 60.9
ICU LOS B
Single Point Dell?)ys(s) 198'5
Urban ICU % 46.7
0 .
Interchange ICU LOS A
Delay (s) 22.4
. . LOS C
Tight Diamond iCU % 536
ICU LOS B

Table 32 — Scenario 6 Measures of Effectiveness
Desian Measure of Primary Secondary Secondary
9 Effectiveness | Intersection Intersection | Intersection
Delay (s) 15.1 8.6 11.0
C'I?S:r?r LOS B A B
ICU % 67.0 17.3 67.0
Overpass =71 6s C A C
Delay (s) 18.1 9.0 8.9
Quadrant LOS B A A
ICU % 72.1 47.4 61.5
ICU LOS C A B
Delay (s) 10.1 8.9 8.9
Median U- LOS B A A
Turn ICU % 66.1 84.9 85.1
ICU LOS C E E
. Delay (s) 5.7 3.7 3.7
M'Lfrrt‘)'gr?” LOS A A A
Diamond ICU % 45.1 39.8 40.0
ICU LOS A A A
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SCENARIO 7

Scenario 7 used the same volumes as Scenario 1 and added right turn volumes
from both the major and minor approaches. The volumes from each approach can be
seen in Table 33.

Table 33 — Scenario 7 Volumes

Approach Left Turns (veh/hr) Through (veh/hr) Right Turns (veh/hr)
NO(rI:/lha?g:J)nd 140 1200 280
Som(JI\t/lr;tj)grL;nd 140 1200 280
Eazi/ltibnc;li;ld 50 400 100
We(:l\s/lti?](();rj)nd 50 400 100

The Echelon and Single Point Urban Interchange operated best in Scenario 7
among the one intersection models. The Echelon had a LOS B with a very low delay time.
The ICU LOS was B. The Single Point Urban Interchange had a LOS B with a higher
delay time. The ICU LOS was A. Both designs had a considerable amount of unused
capacity.

The Quadrant, Median U-Turn, and Michigan Urban Diamond operated best in this
scenario. The Michigan Urban Diamond operated best. It had a LOS A and an ICU LOS
A at all intersections. The Median U-Turn had a LOS A at the primary intersection and
LOS B at the secondary intersections. The delay time at the secondary intersections were
very close to making the intersection operate at a LOS A. The Quadrant’s primary
intersection operated at a LOS B. The delay time corresponded with a median LOS B.
The ICU LOS for all intersections in the Quadrant design was better than an ICU LOS C.
The intersections had unused capacity on all movements. Table 34 and Table 35
summarize the Scenario 7 measures of effectiveness for the designs with one intersection
and more than one intersection, respectively.



Table 34 — Scenario 7 Measures of Effectiveness
Desian Measure of Primary
9 Effectiveness Intersection
Delay (s) 21.2
Typical LOS ¢
yp ICU % 78.6
ICU LOS D
Delay (s) 13.2
LOS B
Echelon ICU % 60.9
ICU LOS B
Single Point Dell%ys(s) 198'5
Urban ICU % 46.7
0 .
Interchange ICU LOS A
Delay (s) 21.3
. . LOS C
Tight Diamond iCU % 759
ICU LOS D

Table 35 — Scenario 8 Measures of Effectiveness
Desian Measure of Primary Secondary Secondary
9 Effectiveness | Intersection Intersection Intersection
Delay (s) 17.7 12.3 11.7
CTel:‘:r?r LOS B B B
ICU % 70.6 17.3 70.6
Overpass ICU LOS C A C
Delay (s) 22.3 8.5 7.3
Quadrant LOS ¢ A A
ICU % 77.4 50.0 60.1
ICU LOS D A B
Delay (s) 10.8 9.6 9.6
Median U- LOS B A A
Turn ICU % 71.4 83.5 83.7
ICU LOS C E E
I Delay (s) 7.6 3.7 3.7
M&%‘gﬁ” LOS A A A
Diamond ICU % 50.3 37.2 37.4
ICU LOS A A A

SCENARIO 8
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Scenario 8 used the same volumes as Scenario 1 and added through volumes from

the minor approach. The volumes from each approach can be seen in Table 36.
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Table 36 — Scenario 8 Volumes

Approach Left Turns (veh/hr) Through (veh/hr) Right Turns (veh/hr)
No(rltﬂhak]?gf)nd 140 1200 140
Sok‘l\tﬂr:j’g’r‘;”d 140 1200 140
Ea(ﬁ/ltﬁ]%‘i;‘d 50 500 50
W?I\S/lti?]gf)”d 50 500 50

The Echelon operated best in Scenario 8 among the one intersection models. The
Echelon had a LOS B with a median delay time. The ICU LOS was C. There was some
unused capacity.

The Median U-Turn and the Michigan Urban Diamond operated best in this
scenario. The Michigan Urban Diamond operated best. It had a LOS A and an ICU LOS
A at all intersections. The Median U-Turn had a LOS B at the primary intersection. The
delay time at the primary intersection was very close to making the intersection operate at
a LOS A. The secondary intersections operated at a LOS A. The primary intersection had
some unused capacity. The secondary intersections were operating near capacity. Table
37 and Table 38 summarize the Scenario 8 measures of effectiveness for the designs with
one intersection and more than one intersection, respectively.

Table 37 — Scenario 8 Measures of Effectiveness
. Measure of Primary
Design Effectiveness Intersection
Delay (s) 18.6
Typical LOS B
yp ICU % 73.0
ICU LOS C
Delay (s) 16.5
LOS B
Echelon ICU % 66.2
ICU LOS C
Single Point Delay (s) 20.6
Urban LOS c
ICU % 51.9
Interchange ICU LOS A
Delay (s) 28.9
. . LOS (o
Tight Diamond iCU % 609
ICU LOS B




Table 38 — Scenario 8 Measures of Effectiveness
. Measure of Primary Secondary Secondary
Design . : . .
Effectiveness | Intersection Intersection Intersection
Delay (s) 17.7 12.3 11.7
CTelz‘fr?r LOS B B B
ICU % 70.6 17.3 70.6
Overpass =7 os C A C
Delay (s) 22.3 8.5 7.3
Quadrant LOS c A A
ICU % 77.4 50.0 60.1
ICU LOS D A B
Delay (s) 10.8 9.6 9.6
Median U- LOS B A A
Turn ICU % 71.4 83.5 83.7
ICU LOS C E E
I Delay (s) 7.6 3.7 3.7
Ml'fr';)'grf‘” LOS A A A
Diamond ICU % 50.3 37.2 37.4
ICU LOS A A A

Of the ten states chosen for questioning about alternative intersection treatments
used, only six responded. Those who replied were Michigan, Texas, lllinois, Wyoming,
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Alabama, and Alaska. Michigan has used a variety of intersection designs throughout the

state. The most popular design used is the Michigan Left or Indirect Left. Michigan also
has continuous flow intersections but they are not at today’s design standards. A three-
lane roundabout is also very popular.

Texas mostly uses SPUIs but is in discussions about the design of a Continuous
Flow and a Roundabout. lllinois reported not having any non-traditional intersections as
did Wyoming. Alabama prefers the use of Jughandles and has found that these are
effective when designed at an angle of 90 degrees and with a posted speed limit of 35

mph. Alaska noted that it used numerous SPUIs along with Diamond and Tight Diamond
interchanges. It was also reported that one SPUI was removed by placing a roundabout at

the end of each leg.

The construction costs for each of the analyzed designs were calculated by
personnel from NCDOT. The estimated costs are shown in table 39. Using these

construction cost estimates, benefit-cost ratios were calculated for six locations in different
areas of North Carolina (table 40).



Table 39. Final Construction Cost Estimates

Intersection Type

Cost (Million $)

Table

Continuous Flow 8.1 8.1 8.4 8.4 8.4 8.4
CTO 9.4 9.4 10.1 10.1 10.1 10.1
Echelon 11.8 11.8 12.0 12.0 12.0 12.0
Median U-turn 1.2 1.2 1.2 1.2 1.2 1.2
Michigan Diamond 20.2 20.2 20.3 20.3 20.3 25.0
Quadrant 2.1 2.1 2.1 2.1 2.1 2.1
SPUI 17.0 17.0 17.8 17.8 17.8 21.2
P
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Table 40. Benefit/Cost Ratios, Grade Separated Intersection Design
Intersection B/C ratio
NC Hwy 280 & Forge Mountain Road 115 22.2 14.8 12.4
US Hwy 19-74-129 & Locust Street 10.5 16.1 7.5 8.8
NC Hwy 152 & Old Concord Road 5.7 10.9 8.7 6.2
US Hwy 29 & Pitt School Road 12.7 19.7 11.2 11.0
US Hwy 74 & Forest Hills School Road 7.3 13.4 9.9 7.6
US Hwy 158 & US Hwy 258 7.8 13.2 6.0 6.3
©
c
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Table 40A. Benefit/Cost Ratios, At-Grade Design

Intersection B/C ratio
NC Hwy 280 & Forge Mountain Road 128.6 23.6 81.6
US Hwy 19-74-129 & Locust Street 122.7 13.2 73.4
NC Hwy 152 & Old Concord Road 72.3 11.56 46.4
US Hwy 29 & Pitt School Road 141.6 18.52 87.6
US Hwy 74 & Forest Hills School Road 91.2 14.51 57.2
US Hwy 158 & US Hwy 258 115.1 10.74 67.9
c 3
2 L 1=
-] § _rg
3 2 g
3 E 54
= 3}
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Recommendations

Several other characteristics were noted after the intersections were evaluated.
The Michigan Urban Diamond had a LOS A and an ICU LOS A in all scenarios. This
design grade-separates the major approach through movements from all other
movements. Therefore, there was much less traffic volume going through the signalized
intersections. This could account for the abnormally high LOS and ICU LOS. This design
was determined to be suited for areas that see a large amount of through volume from the
major approach.

The Echelon operated well in all scenarios. However, it was noted that there are
many merging areas in the design. These areas were not taken into account during the
analysis. Further research of these merge areas may find that the Echelon does not work
well in all scenarios.

Almost all of the unconventional intersections operated better than the typical
intersection. However, the typical intersection operated better than the Tight Diamond in
certain scenarios. The typical intersection operated better in Scenario 2 and Scenario 4.
Both of these scenarios have high left turn volumes from the major approach. The Tight
Diamond did not operate well in any scenario. It worked best in Scenario 2. The delay
was 18.9 s/veh at a LOS B. The ICU% was 55.4% at an ICU LOS B.

The summary of the results of this study can be found in Table 41 and Table 42.
The best two scenarios based on the measures of effectiveness were chosen from each
design. Some intersection designs were given more than two stars. This was because
some of the measures of effectiveness were exactly the same for more than one scenario.
It should also be noted that speed did not affect the measures of effectiveness.

For the specific locations in North Carolina, the recommended designs to use are
listed in table 14. Generally, the lower cost designs are recommended at locations where
traffic volumes are lower and the predicted traffic volume growth rate is relatively low. The
locations where traffic volumes are higher and the traffic volume growth rate is higher, the
more costly designs are recommended.

Table 41 — Summary of Designs with One Intersection
Single Point
Scenario Echelon Urban Tight Diamond

Interchange

1 X

2 X

3

4

5 X X X

6 X

7 X X

8
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Table 42 — Summary of Designs with Three Intersections
. Median Michigan Urban
Scenario Center Turn Quadrant U-Turn Diamond
1 X
2 X
3 X
4 X
5 X X
6 X
7 X X
8

Table 41 and Table 42 can be used by others as a starting point when designing a
rural intersection. The tables show which designs would most likely operate best at a rural
intersection. The engineer would first find which scenario is most like the traffic volumes at
the real intersection. The intersection designs with a star in that scenario would be good
choices to start analyzing.

The tables clearly show in which scenario the designs operate best. The traffic
volume characteristics for each scenario can be found in the Analysis of Alternatives.

This study shows that the Echelon design operated well where there were a large number
of right turn movements from the major approach. The Single Point Urban Interchange
operated best where there were high right turn movements from any approach. The Tight
Diamond design operated best where there were high left or right turn movements from the
major approach. The Center Turn design operated best where there were high left turn
movements from any approach. The Quadrant and Median U-turn designs operated best
where there were high right turn movements from the major approach. The Michigan
Urban Diamond operated best where there were higher through volumes on the minor
approach.
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IMPLEMENTATION AND TECHNOLOGY TRANSFER PLAN

The information presented in this report provides a starting point for identifying
suitable intersection designs for high-speed suburban and rural intersections where a
signal my already exist or where warrants support the installation of a signal. The increase
in capacity and the reduction of delay, especially for the main through movement, provided
by these designs make them a reasonable alternative to a traffic signal. The tables
throughout the report provide information that can be used for reasonable comparison
between a “standard” signalization application and the innovative designs described in the
report. Much of the information used in this report to estimate costs and benefits is
general in nature and does not lend itself well to some kind of standardized spreadsheet or
other computer based application. The tables and data are in a format that engineers at all
levels should be able to understand and apply to specific locations. There no additional
training necessary for NCDOT employees to be able to use and understand this
information.
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APPENDIX A - TURN MOVEMENT COUNTS
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APPENDIX C - SYNCHRO OUTPUT FILES FOR INTERSECTION TYPES

Lane Group WET HMBT HET

Lane Canfigurations +4 [ [
Ideal Flow (wphpl) 1900 1900 4900
Total Lost Time (5) 4.0 4.0 4.0
Turning Speed (mph)

Lane LHil. Factor 085 100 1.00
Frt

Flt Protected

Satd. Flow (prof) 2539 1863 1863
FIt Fermitted

Satd. Flow (perm) 2539 1863 1863
Right Turn an Red

Satd. Flow (RTOR)

Headway Factor 1.00 1.00 1.00
Link Speed (mph) 55 30 30
Link Distance (ff) 245 1872 4343
Trawvel Time (=) 1045 G925 937
Walume fwphl 00 15 25
Feak Hour Facter ogz2 o092 092
FAudj. Flow Ceph) 435 16 27
Lane Group Flow fwph) 4325 16 27
Turn Type

Frotected Phases =] 21 21
Farmitted Fhazes

Minimum Split (=) 230 230 230
Total Split (=) 260 240 240
Total Split (%) 52.0% 42.0% 42.0%
Maximum Green (5) 190 1y0 7.0
“rellow Time (5] 5.0 5.0 5.0
All-Fed Time (5) 2.0 2.0 2.0
LeadiLag

Lead-Lag Optimize™

ralk Time (=) 5.0 5.0 5.0
Flazh Dont ifalk (=) 110 110 110
Fedestrian Calls (#/hr) u} u] u}

Aot Effot Green (=) 220 0O ZOo
Auituated giC Ratio 044 040 040

wic Fatio 028 002 004
Contral Crelay 0.7 8.5 2.4
Queue Dealay 0.a 0.0 0.0
Total Delay o.r a5 9.4
LOS A A A
Approach Delay 0.7 8.5 2.4
Approach LOS A A A

Intersection Summany

FAred Type: Other

Cyele Length: G0

Aotuated Cycle Length: 50

Offzet: 26 (52%), Referenced to phase 2:MENB and G:, Start of Green

Matural Cyele: 50

Contral Type: Pretimed

hd aximum wc Ratio: 0.28

Intersection Signal Delay: 1.5 Intersection LOS: A
Intersection Capacity Utilization 32.7% ICU Lewel of Service A
Analysis Period (min) 15

! Phase conflict between lane groups.

Splits and Phases:  3: Major Road WB & EB to NB

A

s [

26 I

Continuous Flow 1600vph part 1 of 8



Lane Group EBL EBT EBR wBL 'WBT WBR HWBEL HNBT HMNBR SBL SBT SBR

Lane Configurationzs ++ +4

Ideal Flow (wphpl) 1900 4900 4900 4900 4900 4900 4900 4900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turmning Speed (mph) 15 g 15 g 15 g 15 g
Lane Util. Factor 100 400 400 4100 085 4100 400 400 400 400 085 1.00
Frt

FlIt Frotected

Satd. Flow (prot) u] 1] 1] o 3528 o n] n] n] 0 3539 o
Flt Permittad

Satd. Flow (perm) u] o o 0 3524 o u] u] u] 0 2539 o
Right Turn an Red ez Yes ‘res ‘ez “fes
Satd. Flaw (RTOR)

Headway Factor 100 4100 400 100 400 100 400 100 400 100 100 1.00
Link Speed (mph) bata] 55 30 30

Link Dristance (ff) 845 1152 1024 1846
Travel Time (=) 10.5 14.3 23.3 4z2.0
Wolume fwph) u] u] u] o 400 o u] u] u] o 270 u]
FPeak Hour Factor 082 082 0892 0892 0582 082 082 0892 0892 0582 082 082
FAudj. Flowe (vph) u] o] o] 0o 435 o u] u] u] o 283 u]
Lane Group Flow (vphl a u] u] o 435 u} u} u} u} o 283 u]
Turmn Type

Frotected Phases g (]
Fermitted Phases

hinimum Split (51 23.0 230

Total Split (=) 0.0 0.0 0.0 0.0 280 0.0 0.0 0.0 0.0 o0 240 0.0
Total Split (%) 00% 00% 0.0% 0.0%52.0% 00% 00% 00% 00% 00%420% 0.0%
flaximum Green (=) 19.0 17.0
“rellow Time () 5.0 5.0
All-Fed Time (5) 2.0 2.0
LeadiLag

Lead-Lag Optimize™

nralk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0
Pedestrian Calls #hn u] a

Aot Effet Green (5) 2z2.0 200
FAuctuated gfC R atia 0.4 0.0

wic Fatio 028 021
Cantrol Delay 0.6 10.3
Queue Delay 0.0 0.0

Tatal Delay 0.6 10.3

LOS A B
Approach Delay 0.5 10.3
Approach LOS A B

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 16 (32%), Referenced to phase 2: and G:5BT, Start of Green

Matural Cycle: S50

Contral Type: Pretimed

hdaximum wc Ratio: 0.28

Intersection Signal Delay: 4.5 Intersection LOS: A
Intersection Capacity Utilization 25.2% ICU Lewvel of Service A
Analysis Period (min) 15

Splits and Phases:  5: Major Road WH & Minor Road 5B

l ak az

24z | 2= I
Continuous Flow 1600vph part 2 of 8




Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations +4 +4

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 085 400 4100 4100 100 400 400 400 1.00 085 1.00
Frt

FlIt Frotected

Satd. Flaws (prot) 0o 35349 1] 1] 1] o n] n] n] 0 3539 o
FIt Permitted

Satd. Flow (perm) 0o 35349 1] 1] 1] o n] n] n] 0 3539 o
Right Turn on Red “fes ‘res ez res “tes
Satd. Flow (RTOR)

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 2051 1152 G4 1024
Travel Time (5) 25.49 14.3 1946 233
Wolume fwph) o 400 u] u] u] o u] u] u] o 27 u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) 0o 435 u] u] u] o u] u] u] o 293 u]
Lane Group Flow fvph) o 435 ] ] ] o u] u] u] o 283 o
Turmn Type

Protected Phases 4 5]
Fermitted Phases

hinimum Split (51 23.0 230

Total Split (=) 00 260 0.0 0.0 0.0 0.0 0.0 0.0 0.0 oo 240 0.0
Total Split (%) 0.0% S20% 0.0% 0.0% 00% 00% 00% 00% 00% 0.0%430% 0.0%
hMaximum Green (=) 19.0 17.0
“rellow Time () 5.0 5.0
All-Fed Time (=) 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0
Fedestrian Callsi#hn u] u}

Aot Effet Grean (5) 22.0 200
Actuated giC Ratio 0.44 0.40

wic R atio 0.28 021
Cantrol Delay 9.6 52
Queue Delay 0.0 0.0

Tatal Delay 9.6 52

LOS A A
Approach Delay 9.6 52
Approach LOS A A

Intersection Summarny

Area Type: Other
Cyle Length: S0
Aoty ated Cyele Length: S0

Offzet: 20 (G0%), Referenced to phase 2: and G:5BT, Start of Green

Matural Cyele: 50

Contral Type: Pretimed
haximum wc Ratio: 0,28
Intersection Signal Delay: 7.8

Intersection Capacity Utilization 25.2%

Analysis Period (min) 15

Splits and Phases:

Intersection LOS: A

ICU Lewvel of Service A

5: hajor Road EB & Minor Boad 5B

! o

=" ad

2E=

2t= [

Continuous Flow 1600vph part 3 of 8
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Lane Group EBL EBT EBR wBL 'WBT WBR HWBEL HNBT HMNBR SBL SBT SBR

Lane Configurations +4+ +4

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 400 4100 100 085 100 400 085 400 100 .00 1.00
Frt

FlIt Frotected

Satd. Flaws (prot) u] 1] 1] o 3538 o 0 2539 n] n] u] o
FIt Permitted

Satd. Flow (perm) u] 1] 1] o 3528 o 0 =539 n] n] u] o
Right Turn on Red “fes fes  fes “res “tes
Satd. Flow (RTOR)

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 1152 2423 1024 G5d
Travel Time (5) 14.3 42,49 23.3 12.8
Wolume fwph) u] u] u] o 400 o o 270 u] u] u] u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] u] 0o 425 o o 283 u] u] u] u]
Lane Group Flow fvph) u] ] ] o 435 o o 283 u] u] u] o
Turmn Type

Protected Phases 2 2

Fermitted Phases

hinimum Split (51 23.0 23.0

Total Split (=) 0.0 0.0 0.0 0o 260 0.0 oo 240 0.0 0.0 0.0 0.0
Total Split (%) 0.0% 00% 0.0% 0.0% 52.0% 00% 00%43.0% 00% 0.0% 00% 0.0%
hMaximum Green (=) 19.0 17.0

“rellow Time () 5.0 5.0

All-Fed Time (=) 2.0 2.0

LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0

Fedestrian Callsi#hn u] u}

Aot Effet Grean (5) 22.0 200

Actuated giC Ratio 0.44 0.40

wic R atio 028 021

Cantrol Delay 9.6 =]

Queue Delay 0.0 0.0

Tatal Delay 9.6 =]

LOS A A

Approach Delay 9.6 ]

Approach LOS A A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 2 (4%, Referenced to phase 2:MBT and G:, Start of Green

Matural Cyele: 50

Contral Type: Pretimed

haximum wc Ratio: 0,28

Intersection Signal Delay: 8.7 Intersection LOS: A
Intersection Capacity Utilization 25.2% ICU Lewvel of Service A
Analysis Period (min) 15

Splits and Phases:  9: Major Road WH & Minor Road NB
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Lane Group EBL EBT EBR wBL 'WBT WBR HWBEL HNBT HMNBR SBL SBT SBR

Lane Configurations +4 +4

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 085 400 4100 400 100 400 085 400 100 4100 1.00
Frt

FlIt Frotected

Satd. Flaws (prot) 0o 35349 1] 1] 1] o 0 2539 n] n] u] o
FIt Permitted

Satd. Flow (perm) 0o 35349 1] 1] 1] o 0 =539 n] n] u] o
Right Turn on Red “fes “fes ‘res “res “tes
Satd. Flow (RTOR)

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 1152 1167 1832 1024
Travel Time (5) 14.3 14.5 1.5 233
Wolume fwph) o 400 u] u] u] o o 270 u] u] u] u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) 0o 435 u] u] u] o o 283 u] u] u] u]
Lane Group Flow fvph) o 435 ] ] ] o o 283 u] u] u] o
Turmn Type

Protected Phases 4 2

Fermitted Phases

hinimum Split (51 23.0 23.0

Total Split (=) 00 260 0.0 0.0 0.0 0.0 oo 240 0.0 0.0 0.0 0.0
Total Split (%) 0.0% S20% 0.0% 0.0% 0.0% 00% 00%43.0% 00% 0.0% 00% 0.0%
hMaximum Green (=) 19.0 17.0

“rellow Time () 5.0 5.0

All-Fed Time (=) 2.0 2.0

LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0

Fedestrian Callsi#hn u] u}

Aot Effet Grean (5) 22.0 200

Actuated giC Ratio 0.44 0.40

wic R atio 0.28 021

Cantrol Delay 0.6 10.3

Queue Delay 0.0 0.0

Tatal Delay 0.6 10.3

LOS A B

Approach Delay 0.6 10.3

Approach LOS A B

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 44 (223%), Referenced to phase 2:NBT and G:, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratio: 0.23

Intersection Signal Delay: 4.5 Intersection LOS: A
Intersection Capacity Utilization 25.2% ICU Lewvel of Service A
Analysis Period (min) 15

Splits and Phases:  10: Major Road EB & Minor Road NB

T a2 ad J
2t= [ 26 I

Continuous Flow 1600vph part 5 of 8




Lane Group EBT HMBT SET

Lane Configurations [} [
Ideal Flaw (rphpl 1900 4900 4800
Total Last Time (=) 4.0 4.0 4.0
Turning Speed (mph)

Lane Util. Factor 100 095 1.00
Frt

FlIt Frotected

Satd. Flaw (prot) 18632 3539 1863
FIt Permitted

Satd. Flaw (parm) 18632 2539 1863
Right Turn on Red
Satd. Flawm (RTOR)

Headway Factor 1.00 4.00 4.00
Link Speed imph) a0 30 30
Link Dristance (ff) 2082 864 2042
Travel Time (=) 4r3 128 454
Walume (wphl 25 u] 15
Feak Hour Factor 08z 092 0892
FAudj. Flow (eph) 27 u] 16
Lane Group Flow fwphl 27 ] 16
Turmn Type

Protected Phases 4 2 L1
Fermitted Phases

Minimum Split (=) 2320 230 230
Total Split (=) 260 240 260
Total Split (%) 52.0% 42.0% 52.0%
hMaximum Green (=) 190 47.0 190
“rellow Time () 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0
Flash Drant Wialk (=) 110 4110 110
Fedestrian Callsi#hn u} u] u]
Aot Effet Grean (5) 220 22.0
Actuated giC Ratio 0.44 0.44
wic R atio 0.03 0.0z
Cantrol Delay 0.1 2.1
Queue Delay 0.0 0.0
Tatal Delay 0.1 2.1
LOS A A
Approach Delay 0.1 2.1
Approach LOS A A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 42 (956%), Referenced to phase 2:NBT and G:, Start of Green

Matural Cyele: 50

Contral Type: Pretimed

b aximum wc Ratio: 0.03

Intersection Signal Delay: 3.1 Intersection LOS: A
Intersection Capacity Utilization 12.2% ICU Lewel of Service A
Analysis Period (min) 15

! Phase conflict between lane groups.

Splits and Phases:  30: EB to NB & Minor Road NB

az ad
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Lane Group EBT SER SWT

Lane Canfigurations +4 i [
Ideal Flav (vphpl) 1900 1800 1900

Total Lost Time (=) 4.0 4.0 4.0
Turmning Speed (mph) g

Lane Util. Factor 025 4100 1.00
Frt 0.265

FlIt Frotected

Satd. Flow (prot) 3539 1611 1863
Flt Fermitted

Satd. Flaw (parm) 3539 16141 1863
Right Turn an Red
Satd. Flaw (RTOR)

Headway Factor 1.00 4.00 1.00
Link Speed imph) 55 20
Link Cristance (ff) 1167 4182
Travel Time (=) 145 a5.0
Wolume fwph) 400 15 25
Feak Hour Factor 082 082 082
Audj. Flow (wph) 425 16 27
Lane Group Flow fvphl d35 16 27
Turmn Type

Protected Phazes ) =1l
Fermitted Phases 5!
Minimum Split () 2320 230 230
Total Split (=) 260 240 240
Total Split (%) 52.0% 43.0% 42.0%
flaximum Green (=) 190 47.0 170
“rellow Time (5) 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0
LeadiLag

Lead-Lag Optimize™

nralk Time (=) 5.0 5.0 5.0
Flash Drant WWialk (=) 110 110 110
Fedestrian Calls (#hn a u] u]
Aot Effet Green (5) 220 200 ZzOo
Aoty ated gfC R atia 044 o040 040
wic Ratio 028 00z 004
Cantral Delay o.7 5.5 9.4
Queue Delay 0.0 0.0 0.0
Total Delay o.7 5.5 9.4
LOS A A A
Approach Delay 0.7 8.4
Approach LOS A A

Intersection Summany

Area Type: Other

Cycle Length: S0

Aoty ated Cyele Length: 50

Offzet: 8 (16%), Referenced to phase 2: and G:5WT, Start of Green

Matural Cyele: 50

Contral Type: Pretimed

hdaximum wc Ratio: 0.28

Intersection Signal Delay: 1.4 Intersection LOS: A
Interzection Capacity Utilization 32.7% ICU Lewvel of Service A
Analysis Period (min) 15

I Phase conflict betwean lane groups.

Splits and Phases:  31: Major Boad EB & WB to 5B
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Lane Group WIET  SBT  NWT

Lane Configurations [} [
Ideal Flaw (rphpl 1900 4900 4800
Total Last Time (=) 4.0 4.0 4.0
Turning Speed (mph)

Lane Util. Factor 100 095 1.00
Frt

FlIt Frotected

Satd. Flaw (prot) 18632 3539 1863
FIt Permitted

Satd. Flaw (parm) 18632 2539 1863
Right Turn on Red
Satd. Flawm (RTOR)

Headway Factor 1.00 4.00 4.00
Link Speed imph) a0 30 30
Link Dristance (ff) 2949 644 2002
Travel Time (=) 550 1456 Q0.7
Walume (wphl 25 270 15
Feak Hour Factor 08z 092 0892
FAudj. Flow (eph) 27 283 16
Lane Group Flow fwph) 27 283 16
Turmn Type

Protected Phases gl G gl
Fermitted Phases

Minimum Split (=) 2320 230 230
Total Split (=) 260 240 260
Total Split (%) 52.0% 42.0% 52.0%
hMaximum Green (=) 190 47.0 190
“rellow Time () 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0
Flash Drant Wialk (=) 110 4110 110
Fedestrian Callsi#hn u} u] u]
Aot Effet Grean (5) 220 200 ZEO
Actuated giC Ratio 044 040 044
wic R atio o033 021 002
Cantrol Delay 4.8 0.6 2.1
Queue Delay 0.0 0.0 0.0
Tatal Delay 4.8 0.6 2.1
LOS A A A
Approach Delay %] 0.6 2.1
Approach LOS A A A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 456 (92%), Referenced to phase 2: and G:5BT, Start of Green

Matural Cyele: 50

Contral Type: Pretimed

hdaximum wc Ratio: 0.21

Intersection Signal Delay: 1.3 Intersection LOS: A
Intersection Capacity Utilization 29.1% ICU Level of Service A
Analysis Period (min) 15

! Phase conflict between lane groups.

Splits and Phases: 34 W'B to 5B & Minor Road 5B

l af af
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Lane Group WIBET  HWBT MNET

Lane Configurations +4 [ [
Ideal Flaw twphpl) 1200 1900 4900
Total Last Time (=) 4.0 4.0 4.0
Turning Speed (mph)

Lane Util. Factor 025 4100 1.00
Frt

FlIt Frotected

Satd. Flaw (prot) 3539 1863 1863
FIt Permitted

Satd. Flow (parm) 3539 1863 1863
Right Turn on Red

Satd. Flaw (RTOR)

Headway Factor 1.00 4.00 4.00
Link Speed imph) 55 30 30
Link Dristance (ff) 245 1872 4343
Travel Time (=) 1048 425 987
Walume (wphl 1871 59 114
Feak Hour Factor 08z 092 0892
FAudj. Flow (eph) 2003 Ta 124
Lane Group Flow fvph) 2034 75 124
Turmn Type

Protected Phases g 21 21
Fermitted Phases

Minimum Split (=) 2320 230 230
Total Split (=) 1170 330 330
Total Split (%) TE.O% 22.0% 22.0%
Maximum Greenis) 1100 260 26.0
“rellow Time () 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0
Flash Drant Wialk (=) 110 4110 110
Fedestrian Callsi#hn u} u] u]

Act Effet Green (=) 1120 290 Z9.0
Actuated g/C Ratio 0.7s 049 019

wic R atio oys 021 034
Cantrol Delay 182 151 &G54
Queue Delay 0.3 0.0 0.0
Total Drelay 258 151 5545
LOS A B E
Approach Delay 245 151 G548
Approach LOS A B E

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 20 (13%), Referenced to phase 2:NEMB and G:, Start of Green

Matural Cycle: 7O

Cantral Type: Pretimed

hd aximum wc Ratio: 0.76

Intersection Signal Delay: 5.9 Intersection LOS: A
Interzection Capacity Utilization ¥3.6% ICU Lewel of Service [
Analysis Period (min) 15

! Phase conflict between lane groups.

Splits and Phases:  3: Major Road WH & EB to HB
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Lane Group EBL EBT EBR wBL 'WBT WBR HWBEL HNBT HMNBR SBL SBT SBR

Lane Configurations +4+ +4

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 400 4100 4100 085 100 400 100 400 100 085 1.00
Frt

FlIt Frotected

Satd. Flaws (prot) u] 1] 1] o 3538 o n] n] n] 0 3539 o
FIt Permitted

Satd. Flow (perm) u] 1] 1] o 3528 o n] n] n] 0 3539 o
Right Turn on Red ez Yes ‘res “res “tes
Satd. Flow (RTOR)

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 845 1152 1024 1846
Travel Time (5) 0.5 14.3 23.3 42.0
Wolume fwph) u] u] u] 0 2052 o u] u] u] 0o 1235 u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] u] 0 2237 o u] u] u] o 1342 u]
Lane Group Flow fvph) u] ] ] o 2237 o u] u] u] o 1342 o
Turmn Type

Protected Phases 2 5]
Fermitted Phases

hinimum Split (51 23.0 230

Total Split (=) 0.0 0.0 0.0 0.0 920 0.0 0.0 0.0 0.0 0o 530 0.0
Total Split (%) 0.0% 00% 0.0% 0.0%G61.3% 00% 00% 00% 00% 0.0%387% 0.0%
hMaximum Green (=) 25.0 51.0
“rellow Time () 5.0 5.0
All-Fed Time (=) 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0
Fedestrian Callsi#hn u] u}

Aot Effet Grean (5) 8580 54.0
Actuated giC Ratio 0.59 0.26

wic R atio 1.08 1.05
Cantrol Delay 53.1 254
Queue Delay 0.0 0.0

Tatal Delay 53.1 25 .4

LOS E F
Approach Delay 53.1 B6 .4
Approach LOS E F

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 0 (0%}, Referenced to phase 2: and 6:5BT, Start of Green

Matural Cycle: 130

Cantral Type: Pretimed

bl aximum wic Ratie: 1.02

Intersection Signal Delay: 71.8 Interzection LOS: E
Intersection Capacity Utilization 977 % ICU Lewvel of Service F
Analysis Period (min) 15

Splits and Phases:  5: Major Road WH & Minor Road 5B
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Lane Group EBR MBT SET

Lane Configurations [ L [
Ideal Flaw (rphpl 1900 4900 4800
Total Last Time (=) 4.0 4.0 4.0
Turning Speed (mph) g

Lane Util. Factor 100 095 1.00
Frt 0.265

FlIt Frotected

Satd. Flaw (prot) 1611 3539 1863
FIt Permitted

Satd. Flaw (parm) 1611 2539 1863
Right Turn on Red
Satd. Flawm (RTOR)

Headway Factor 1.00 4.00 4.00
Link Speed imph) 30 30
Link Dristance (ff) G54 2042
Travel Time (=) 128 464
Walume (wphl 114 1123 ==}
Feak Hour Factor 08z 092 0892
FAudj. Flow (eph) 124 1221 Fis]
Lane Group Flow fwph) 124 12241 Fis]
Turmn Type custom

Protected Phases 2 4
Fermitted Phases )

Minimum Split (=) 2320 230 230
Total Split (=) 540 8950 540
Total Split (%) 36.0% 640% 36.0%
hMaximum Green (=) G4r0 890 470
“rellow Time () 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0
Flash Drant Wialk (=) 110 4110 110
Fedestrian Callsi#hn u} u] u]
Aot Effet Grean (5) 00 920 &S00
Actuated giC Ratio 022 061 033
wic R atio 023 04586 012
Cantrol Delay 235.4 114 3545
Queue Delay 0.0 0.z 0.0
Total Drelay 254 1.2 3548
LOS [ A o]
Approach Delay 13 35645
Approach LOS A [

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: & (4%}, Referenced to phase 2:MBT and G:, Start of Green

Matural Cyele: 50

Contral Type: Pretimed

b aximum wc Ratio: 056

Intersection Signal Delay: 6.1 Intersection LOS: A
Intersection Capacity Utilization 52.9% ICU Lewel of Service A
Analysis Period (min) 15

Splits and Phases:  30: EB to NB & Minor Road HB
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Lane Group EBL EBT EBR wBL 'WBT WBR HWBEL HNBT HMNBR SBL SBT SBR

Lane Configurations +4+ +4

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 400 4100 100 085 100 400 085 400 100 .00 1.00
Frt

FlIt Frotected

Satd. Flaws (prot) u] 1] 1] o 3538 o 0 2539 n] n] u] o
FIt Permitted

Satd. Flow (perm) u] 1] 1] o 3528 o 0 =539 n] n] u] o
Right Turn on Red “fes fes  fes “res “tes
Satd. Flow (RTOR)

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 1152 2423 1024 G5d
Travel Time (5) 14.3 42,49 23.3 12.8
Wolume fwph) u] u] u] 0 2052 o 0 1235 u] u] u] u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] u] 0 2237 o 0 1342 u] u] u] u]
Lane Group Flow fvph) u] ] ] o 2237 o o 1342 u] u] u] o
Turmn Type

Protected Phases 2 2

Fermitted Phases

hinimum Split (51 23.0 23.0

Total Split (=) 0.0 0.0 0.0 0.0 920 0.0 oo 530 0.0 0.0 0.0 0.0
Total Split (%) 0.0% 00% 0.0% 0.0%G61.3% 00% 00% 387% 00% 00% 00% 0.0%
hMaximum Green (=) 25.0 51.0

“rellow Time () 5.0 5.0

All-Fed Time (=) 2.0 2.0

LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0

Fedestrian Callsi#hn u] u}

Aot Effet Grean (5) 8580 54.0

Actuated giC Ratio 0.59 036

wic R atio 1.08 1.05

Cantrol Delay 5.0 3.4

Queue Delay 0.0 0.0

Tatal Delay 5.0 3.4

LOS E C

Approach Delay Fa.0 3.4

Approach LOS E C

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 24 (16%), Referenced to phase 2:NBT and G:, Start of Green

Matural Cycle: 130

Cantral Type: Pretimed

bl aximum wic Ratie: 1.03

Intersection Signal Delay: 52.6 Interzection LOS: E
Intersection Capacity Utilization 977 % ICU Lewvel of Service F
Analysis Period (min) 15

Splits and Phases:  9: Major Road WB & Minor Read HB
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations +4 +4

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 085 400 4100 4100 100 400 400 400 1.00 085 1.00
Frt

FlIt Frotected

Satd. Flaws (prot) 0o 35349 1] 1] 1] o n] n] n] 0 3539 o
FIt Permitted

Satd. Flow (perm) 0o 35349 1] 1] 1] o n] n] n] 0 3539 o
Right Turn on Red “fes ‘res ez res “tes
Satd. Flow (RTOR)

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 2051 1152 G4 1024
Travel Time (5) 25.49 14.3 1946 233
Wolume fwph) 0 20538 u] u] u] o u] u] u] 0o 1235 u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) 0 2237 u] u] u] o u] u] u] o 1342 u]
Lane Group Flow fvph) o 2237 ] ] ] o u] u] u] o 1342 o
Turmn Type

Protected Phases 4 5]
Fermitted Phases

hinimum Split (51 23.0 230

Total Split (=) oo 9z.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0o 530 0.0
Total Split (%) 0.0% 61.23% 0.0% 0.0% 00% 00% 00% 00% 00% 00%387% 0.0%
hMaximum Green (=) 25.0 51.0
“rellow Time () 5.0 5.0
All-Fed Time (=) 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0
Fedestrian Callsi#hn u] u}

Aot Effet Grean (5) B0 54.0
Actuated giC Ratio 0.59 0.26

wic R atio 1.08 1.05
Cantrol Delay 75.0 1.4
Queue Delay 0.0 0.0

Tatal Delay 75.0 1.4

LOS E C
Approach Delay 7a.0 314
Approach LOS E [

Intersection Summarny

Area Type: Other
Cyle Length: 150
Aoty ated Cyele Length: 150

Offzet: 24 (16%), Referenced to phase 2: and G:5BT, Start of Green

Matural Cyele: 13230

Contral Type: Pretimed

b aximum wc Ratio: 1.02
Interzection Signal Delay: 52.6

Intersection Capacity Utilization 97 .7 %

Analysis Periaod (min) 15

Splits and Phazes:

Intersection LOS: E
ICU Lewvel of Service F

5: Major Read EB & Minoer Boad 5B
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Lane Group WIET  SBT  NWT

Lane Configurations [} [
Ideal Flaw (rphpl 1900 4900 4800
Total Last Time (=) 4.0 4.0 4.0
Turning Speed (mph)

Lane Util. Factor 100 095 1.00
Frt

FlIt Frotected

Satd. Flaw (prot) 18632 3539 1863
FIt Permitted

Satd. Flaw (parm) 18632 2539 1863
Right Turn on Red
Satd. Flawm (RTOR)

Headway Factor 1.00 4.00 4.00
Link Speed imph) a0 30 30
Link Dristance (ff) 2949 644 2002
Travel Time (=) 550 1456 Q0.7
Walume (wphl 114 1235 ==}
Feak Hour Factor 08z 092 0892
FAudj. Flow (eph) 124 1342 Fis]
Lane Group Flow fwph) 124 1342 Fis]
Turmn Type

Protected Phases gl G gl
Fermitted Phases

Minimum Split (=) 2320 230 230
Total Split (=) 500 1000 S0.0
Total Split (%) 33.3% 66.7% 33.3%
hMaximum Green (=) 430 8930 420
“rellow Time () 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0
Flash Drant Wialk (=) 110 4110 110
Fedestrian Callsi#hn u} u] u]
Aot Effet Grean (5) G50 950 46.0
Actuated giC Ratio 021 064 0.31
wic R atio 022 053 013
Cantrol Delay 292 26 3824
Queue Delay 0.0 0.3 0.0
Total Drelay 292 28 384
LOS C A o]
Approach Delay 292 29 324
Approach LOS [ A [

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 10 (F%), Referenced to phase 2: and 6:5BT, Start of Green

Matural Cyele: 55

Control Type: Pretimed

bl aximum wic Ratio: 0.59

Intersection Signal Delay: 6.8 Intersection LOS: A
Intersection Capacity Utilization 55.0% ICU Lewvel of Service B
Analysis Period (min) 15

! Phase conflict between lane groups.

Splits and Phases: 34 W'B to 5B & Minor Road 5B

l ak a?
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Lane Group EBT SER  SWT

Lane Configurations +4 if [
Ideal Flaw fuphply 1900 1900 1900

Total Last Time (=) 4.0 4.0 4.0
Turning Speed (mph) a

Lane Util. Factor 085 .00 1.00
Frt 0.865

FlIt Frotected

Satd. Flaws (prot) 3539 1611 1863
FIt Permitted

Satd. Flaw (parm) 2530 1611 1863
Right Turn on Red
Satd. Flawm (RTOR)

Headway Factor 1.00 4.00 4.00
Link Speed imph) 55 30
Link Dristance (ff) 1167 4182
Travel Time (=) 145 a5.0
Walume (wphl 2058 59 114
Feak Hour Factor 08z 092 0892
FAudj. Flow (eph) 2237 Ta 124
Lane Group Flow fvph) 2237 75 124
Turmn Type

Protected Phases 4 5!
Fermitted Phases 5!
Minimum Split (=) 2320 230 230
Total Split (=) 1220 280 280
Total Split (%) B1.3% 18.7% 18.7%
Maximum Greenis) 1150 21.0 21.0
“rellow Time () 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0
Flash Drant Wialk (=) 110 4110 110
Fedestrian Callsi#hn u} u] u]

Act Effet Green (=) 1180 240 240
Actuated g/C Ratio 0.7 08 0.6

wic R atio 0E0 023 042
Cantrol Delay 51 287 618
Queue Delay 049 0.0 0.0
Total Drelay 50 287 G615
LOS A C E
Approach Delay 5.0 G1.6
Approach LOS A E

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 26 (17 %), Referenced to phase 2: and G:5WT, Start of Green

Matural Cycle: 80

Cantral Type: Pretimed

bl aximum wic Ratie: 0.20

Intersection Signal Delay: 9.5 Intersection LOS: A
Intersection Capacity Utilization ¥8.7 % ICU Lewvel of Service [
Analysis Period (min) 15

! Phase conflict between lane groups.

Splits and Phases:  31: Major Boad EB & WB ta 5B

= o4
i
#‘ af
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Lane Group WIET  SBT  NWT
Lane Configurations [} [
Ideal Flaw twphpl) 1200 1900 4900
Total Last Time (=) 4.0 4.0 4.0
Turning Speed (mph)

Lane Util. Factor 100 095 1.00
Frt

FlIt Frotected

Satd. Flaw (prot) 18632 3539 1863
FIt Permitted

Satd. Flaw (parm) 18632 2539 1863
Right Turn on Red
Satd. Flawm (RTOR)

Headway Factor 1.00 4.00 4.00
Link Speed imph) a0 30 30
Link Dristance (ff) 2949 644 2002
Travel Time (=) 550 1456 Q0.7
Walume (wphl 114 1235 ==}
Feak Hour Factor 08z 092 0892
FAudj. Flow (eph) 124 1342 Fis]
Lane Group Flow fwph) 124 1342 Fis]
Turmn Type

Protected Phases gl G gl
Fermitted Phases

Minimum Split (=) 2320 230 230
Total Split (=) 500 1000 S0.0
Total Split (%) 33.3% 66.7% 33.3%
hMaximum Green (=) 430 8930 420
“rellow Time () 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0
Flash Drant Wialk (=) 110 4110 110
Fedestrian Callsi#hn u} u] u]
Aot Effet Grean (5) G50 950 46.0
Actuated giC Ratio 021 064 0.31
wic R atio 022 053 013
Cantrol Delay 292 26 3824
Queue Delay 0.0 0.3 0.0
Total Drelay 292 28 384
LOS C A o]
Approach Delay 292 29 324
Approach LOS [ A [

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 10 (F%), Referenced to phase 2: and 6:5BT, Start of Green

Matural Cycle: 55

Contral Type: Pretimed

hdaximum wc Ratio: 0.59

Intersection Signal Delay: 6.8 Intersection LOS: A
Intersection Capacity Utilization 55.0% ICU Lewvel of Service B
Analysis Period (min) 15

! Phase conflict between lane groups.

Splits and Phases: 34 W'B to 5B & Minor Road 5B

l af af

1M = [ 0=
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations +4 [ ++ [ +4 i +4 [l
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 085 400 100 085 100 400 085 400 100 085 1.00
Frt 0850 0850 0850 0250
FlIt Frotected

Satd. Flaws (prot) 0o 3539 1583 0o 3538 1523 0O 2538 1583 0O 3539 1583
FIt Permitted

Satd. Flow (perm) 0o 3539 1583 0o 3538 14583 0 3538 1583 0 3539 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 27 27 16 16
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 22ET 1719 1932 12357

Travel Time (=) 51.5 8.1 42.9 a0
Wolume fwph) o 450 25 o 450 25 o 270 15 o 27 15
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) o 4839 27 o 424 27 o 283 16 o 293 16
Lane Group Flow fvph) o 484 27 o 424 27 o 283 16 o 283 16
Turmn Type Ferm Ferm Ferm Ferm
Protected Phases 4 2 2 5]
Fermitted Phases 4 g 2 G
Minimum Split (=) 230 230 23.0 230 230 230 220 230
Total Split (=) 00 260 25.0 00 260 260 oo 240 240 oo 240 240
Total Split (%) 0.0% S20% 52.0% 0.0% 52.0% 52.0% 0.0% 42.0% 42.0% 0.0% 42.0% J2.0%
M aximum Green (5) 19.0 19.0 19.0 19.0 170 170 17.0 17.0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 11.0 11.0 110 41.0 110 110 110 11.0
Fedestrian Callsi#hn u] u] u] u} u} u} u} u]
Aot Effet Grean (5) 220 220 220 220 200 200 200 200
Actuated giC Ratio 044 044 044 0449 0.40 040 040 040
wic R atio 031 004 031 004 021 002 021 002
Contral Delay 8.8 4.0 a8 4.0 10.2 53 10.2 5.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Drelay 8.8 4.0 a8 4.0 10.2 53 0.3 5.3
LOS A A A ) B A B A
Approach Delay 9.5 9.5 10.0 10.0
Approach LOS A A B B

Intersection Summarny

Area Type: Other
Cyle Length: S0
Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2:MBT and 6:5BT, Stat of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratio: 0.31

Intersection Signal Delay: 9.7
Intersection Capacity Utilization 25.6%
Analysis Period (min) 15

Splits and Phases:  3: Int

Intersection LOS: A
ICU Lewvel of Service A

T o2 od
It | FE= ]
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2t= [ ZE= I
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Lane Group EBL EBT EBRE WHL 'WEBT WBE HBEL HNBE SWilz SWwL SuE
Lane Configurations L] L] L L]

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 4900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40 40 40 40
Turning Speed (mph) 15 a 15 a 15 g 15 15 g
Lane Util. Factor 100 400 400 4100 100 100 400 100 400 1.00 4.00
Frt

FlIt Frotected 0.950 0.950 0850 0.950

Satd. Flaws (prot) 1770 1] o 4770 1] o 4770 o A770 n] u]
FlIt Fermitted 0950 0850 0.950 0.950

Satd. Flow (perm) 1770 1] o 4770 1] o 1770 o A770 n] u]
Right Turn on Red “fes ‘res “fes
Satd. Flow (RTOR)

Headway Factor 100 400 400 400 400 100 400 400 400 4100 4.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 1657 2545 2532 1170
Travel Time (5) 5.4 578 57.5 206
Wolume fwph) 25 u] u] 25 u] o 15 u] 15 u] u]
Feak Hour Factor 082 082 0892 0892 0892 082 082 0892 0892 0582 082
FAudj. Flow (eph) 27 u] u] 27 u] o 16 u] 16 u] u]
Lane Group Flow fwphl 27 ] ] 27 ] o 16 u] 16 u] u]
Turmn Type custom custom custom custom

Protected Phases

Fermitted Phases ) g 2 5]

Minimum Split (=) 220 23.0 22.0 23.0

Total Split (=) 26.0 0.0 0.0 260 0.0 oo 240 00 240 oo oo
Total Split (%) 52.0% 00% 0.0%52.0% 00% 0.0% S42.0% 0.0%943.0% 0.0% 0.0%
hMaximum Green (=) 19.0 19.0 17.0 170

“rellow Time () 5.0 5.0 5.0 5.0

All-Fed Time (=) 2.0 2.0 2.0 2.0

LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0 11.0 11.0

Fedestrian Callsi#hn u} u] u} u}

Aot Effet Grean (5) 220 22.0 200 200

Actuated giC Ratio 0.44 0.44 0.40 0.40

wic R atio 0.03 0.03 0.0z 0.0z

Cantrol Delay 8.2 822 9.3 a3

Queue Delay 0.0 0.0 0.0 0.0

Total Drelay 82 2.2 a3 a3

LOS A A A A

Approach Delay = hc]

Approach LOS I

Intersection Summarny

Area Type: Other
Cyle Length: S0
Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2:MBL and G:5WL, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratie: 0.03

Intersection Signal Delay: 8.6
Intersection Capacity Utilization 22.5%
Analysis Period (min) 15

Splits and Phases:  ¥:Int

Intersection LOS: A
ICU Lewvel of Service A

ol od

24z | 2Bz
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations +4 [ ++ [ +4 i +4 [l
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 085 400 100 085 100 400 085 400 100 085 1.00
Frt 0850 0850 0850 0250
FlIt Frotected

Satd. Flaws (prot) 0o 3539 1583 0o 3538 1523 0O 2538 1583 0O 3539 1583
FIt Permitted

Satd. Flow (perm) 0o 3539 1583 0o 3538 14583 0 3538 1583 0 3539 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) G G 5 il
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 22ET 1719 1932 12357

Travel Time (=) 28.1 21.3 42.9 a0
Wolume fwph) o202 114 o 2052 114 0 1235 ==} 0o 1235 [t=]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) 0o 223IT 129 0 2237 124 0 1342 T o 1342 T4
Lane Group Flow fvph) 0o 2237 129 o 2237 124 o 1342 T4 o 1342 74
Turmn Type Ferm Ferm Ferm Ferm
Protected Phases 4 2 2 5]
Fermitted Phases 4 g 2 G
Minimum Split (=) 230 230 23.0 230 230 230 220 230
Total Split (=) 00 800 200 0.0 800 200 o0 s00 S00 00§00 500
Total Split (%) 0.0% 61.5% 61.59% 0.0% G1.5% 61.59% 0.0% 35.5% 32.5% 0.0% 32.5% 38.5%
hMaximum Green (=) 730 F3O 30 F3o 42.0 4320 420 430
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 11.0 11.0 110 41.0 110 110 110 11.0
Fedestrian Callsi#hn u] u] u] u} u} u} u} u]
Aot Effet Grean (5) JE.0 Y60 FE.0 YFE.O 450 46.0 G50 46.0
Actuated giC Ratio 058 058 058 058 035 035 0.25 035
wic R atio 1.08 043 1.08 013 1.07 013 1.07 043
Contral Delay 72341 120 T34 120 8r3 73 Bra 273
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Drelay 7341 120 a4 120 8r3 T3 Bra2 273
LOS E B E B F C F C
Approach Delay 59.9 59.9 842 842
Approach LOS E E F F

Intersection Summarny

Area Type: Other
Cyele Length: 120
Aoty ated Cyele Length: 130

Offzet: 0 (0%}, Referenced to phase 2:MBT and 6:5BT, Stat of Green

Matural Cycle: 130
Cantral Type: Pretimed
bl aximum wic Ratie: 1.03

Intersection Signal Delay: ¥5.2

Intersection Capacity Utilization 977 %

Analysis Period (min) 15

Splits and Phazes:

Intersection LOS: E
ICU Level of Senvice F

3: Major Bead & Minor Road

|_ T ol =
A0z Bl %
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Lane Group EBL EBT EBRE WHL 'WEBT WBE HBEL HNBE SWilz SWwL SuE
Lane Configurations L] L] L L]

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 4900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40 40 40 40
Turning Speed (mph) 15 a 15 a 15 g 15 15 g
Lane Util. Factor 100 400 400 4100 100 100 400 100 400 1.00 4.00
Frt

FlIt Frotected 0.950 0.950 0850 0.950

Satd. Flaws (prot) 1770 1] o 4770 1] o 4770 o A770 n] u]
FlIt Fermitted 0950 0850 0.950 0.950

Satd. Flow (perm) 1770 1] o 4770 1] o 1770 o A770 n] u]
Right Turn on Red “fes ‘res “fes
Satd. Flow (RTOR)

Headway Factor 100 400 400 400 400 100 400 400 400 4100 4.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 1657 2545 2532 1170
Travel Time (5) 5.4 578 57.5 206
Wolume fwph) 114 u] o 114 u] o 59 u] ==} u] u]
Feak Hour Factor 082 082 0892 0892 0892 082 082 0892 0892 0582 082
FAudj. Flow (eph) 124 u] o 124 u] o 75 u] 75 u] u]
Lane Group Flow fwphl 124 ] o 124 ] o 75 u] 75 u] u]
Turmn Type custom custom custom custom

Protected Phases

Fermitted Phases ) g 2 5]

Minimum Split (=) 220 23.0 22.0 23.0

Total Split (=) 26.0 0.0 0.0 260 0.0 oo 240 00 240 oo oo
Total Split (%) 52.0% 00% 0.0%52.0% 00% 0.0% S42.0% 0.0%943.0% 0.0% 0.0%
hMaximum Green (=) 19.0 19.0 17.0 170

“rellow Time () 5.0 5.0 5.0 5.0

All-Fed Time (=) 2.0 2.0 2.0 2.0

LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0 11.0 11.0

Fedestrian Callsi#hn u} u] u} u}

Aot Effet Grean (5) 220 22.0 200 200

Actuated giC Ratio 0.44 0.44 0.40 0.40

wic R atio 016 (L] =] 0.1 011

Cantrol Delay a9z 9.2 10.0 10.0

Queue Delay 0.0 0.0 0.0 0.0

Total Drelay 8.2 8.z 10.0 10.0

LOS A A A A

Approach Delay 10.0

Approach LOS I

Intersection Summarny

Area Type: Other
Cyle Length: S0
Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2:MBL and G:5WL, Start of Green

Matural Cycle: S0

Control Type: Pretimed
hlaximum wc Ratio: 016
Intersection Signal Delay: 9.5

Intersection Capacity WHilization 25.6%

Anabysis Period imin) 15

Splits and Phases:  ¥:int

Intersection LOS: A

ICU Lewel of Service A

ol
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations L] +4 K +4 i
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 1.00 400 4100 o087 085 100 400 100 400 100 085 1.00
Frt 0250
FlIt Frotected 0.950 0.950

Satd. Flaws (prot) u] 1] 0 3933 3539 o n] n] 0O AF70 3539 1583
FlIt Fermitted 0850 0950

Satd. Flow (perm) u] 1] 0 3433 3539 o n] n] 0O A¥70 3539 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 16
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 1529 525 2400 2713

Travel Time (5) 35.0 11.9 545 G1.7
Wolume fwph) u] u] u] 25 400 o u] u] u] 15 270 15
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] u] 27 435 o u] u] u] 16 283 16
Lane Group Flow fvph) u] ] ] 27 435 o u] u] u] 16 283 16
Turmn Type Ferm Ferm Ferm
Protected Phases 2 5]
Fermitted Phases g 5] G
Minimum Split (=) 23.0 230 230 230 230
Total Split (=) 0.0 0.0 0.0 260 260 0.0 0.0 0.0 oo 240 240 240
Total Split (%) 0.0% 00% 0.0%52.0% 52.0% 00% 0.0% 00% 0.0% 42.0% 42.0% 42.0%
hMaximum Green (=) 19.0 19.0 170 470 170
rallow Time (=) 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 11.0 41.0 1.0 410 110
Fedestrian Callsi#hn u] u] u} u} u]
Aot Effet Grean (5) 220 220 200 200 Z0.0
Actuated giC Ratio 044 0449 040 040 040
wic R atio ooz 028 0.0z 021 002
Cantrol Delay 2.0 9.6 93 103 5.3
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Drelay 2.0 9.5 93 103 5.3
LOS A A A B A
Approach Delay 9.5 10.0
Approach LOS A B

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2: and 6:5BTL, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratio: 0.23

Intersection Signal Delay: 9.7 Intersection LOS: A
Intersection Capacity Utilization 25.2% ICU Lewvel of Service A
Analysis Period (min) 15

Splits and Phases:  3: MinorRoad 5B &

l af af
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations Lk 4 K +4 [

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor o8y o085 400 4100 400 4100 400 085 400 100 4100 1.00
Frt 0850

FlIt Frotected 0.950 0850

Satd. Flaws (prot) 433 3539 1] 1] 1] o 770 3539 1583 n] u] o
FlIt Fermitted 0950 0.950

Satd. Flow (perm) 3433 3539 1] 1] 1] o 770 3539 1583 n] u] o
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 16

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 513 1798 24411 2555
Travel Time (=) g.4 223 54.8 503
Wolume fwph) 25 400 u] u] u] o 15 270 15 u] u] u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) 27 435 u] u] u] o 16 293 16 u] u] u]
Lane Group Flow fwph) 27 435 ] ] ] o 16 293 16 u] u] o
Turmn Type Ferm Ferm Ferm

Protected Phases 4 2

Fermitted Phases ) 2 2

Minimum Split (=) 220 230 220 230 2320

Total Split (=) 260 26.0 0.0 0.0 0.0 o0 240 240 240 0.0 0.0 0.0
Total Split (%) 52.0% 52.0% 0.0% 0.0% 0.0% 0.0% S42.0% 42.0% 42.0% 0.0% 0.0% 0.0%
hMaximum Green (=) 190 19.0 1F0 170 1rFaQo

rallow Time (=) 5.0 5.0 5.0 5.0 5.0

All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0

LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 110 11.0 110 410 110

Fedestrian Callsi#hn u} u] u} u} u}

Aot Effet Grean (5) 220 220 200 200 200

Actuated giC Ratio 044 044 040 040 040

wic R atio 0.0z 028 ooz 021 00z

Cantrol Delay 2.0 9.6 932 103 53

Queue Delay 0.0 0.0 0.0 0.0 0.0

Total Drelay 2.0 8.6 a3z 1032 53

LOS A A A B A

Approach Delay 9.5 10.0

Approach LOS A B

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2:MBTL and &:, Start of Green

Matural Cyele: 50

Contral Type: Pretimed

b aximum wc Ratio: 0.28

Intersection Signal Delay: 9.7 Intersection LOS: A
Intersection Capacity Utilization 25.2% ICU Lewel of Service A
Analysis Period (min) 15

Splits and Phases:  8: Major Road EB & Minor Road HB

2413 “ [ J;: - | J
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations L] +4 K +4 i
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 1.00 400 4100 o087 085 100 400 100 400 100 085 1.00
Frt 0250
FlIt Frotected 0.950 0.950

Satd. Flaws (prot) u] 1] 0 3933 3539 o n] n] 0O AF70 3539 1583
FlIt Fermitted 0850 0950

Satd. Flow (perm) u] 1] 0 3433 3539 o n] n] 0O A¥70 3539 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) il
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 1529 525 2400 2713

Travel Time (5) 35.0 11.9 545 G1.7
Wolume fwph) u] u] o 114 Zo52 o u] u] u] 59 1235 [t=]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] o 24 ZZET o u] u] u] Ta 1342 T4
Lane Group Flow fvph) u] ] o 24 Z2IT o u] u] u] 75 1342 74
Turmn Type Ferm Ferm Ferm
Protected Phases 2 5]
Fermitted Phases g 5] G
Minimum Split (=) 23.0 230 230 230 230
Total Split (=) 0.0 0.0 0.0 800 200 0.0 0.0 0.0 00§00 500 500
Total Split (%) 0.0% 00% 0.0%61.5% G1.5% 00% 0.0% 00% 0.0% 38.5% 38.5% 38.5%
hMaximum Green (=) 3.0 F3o 420 4320 420
rallow Time (=) 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 11.0 41.0 1.0 410 110
Fedestrian Callsi#hn u] u] u} u} u]
Aot Effet Grean (5) FE.0 FE.O G50 450 450
Actuated giC Ratio o588 058 025 035 035
wic R atio oS 1.08 012 107 013
Contral Delay 118 734 2941 873 T3
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Drelay 1.8 734 2941 873 T3
LOS B E C F C
Approach Delay 59.2 21.4
Approach LOS E F

Intersection Summarny

Area Type: Other

Cyele Length: 120

Aoty ated Cyele Length: 130

Offzet: 0 (0%}, Referenced to phase 2: and 6:5BTL, Start of Green

Matural Cycle: 130

Cantral Type: Pretimed

bl aximum wic Ratie: 1.03

Intersection Signal Delay: 74.3 Interzection LOS: E
Intersection Capacity Utilization 977 % ICU Lewvel of Service F
Analysis Period (min) 15

Splits and Phases:  3: Int

| v
ak o3
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations Lk 4 K +4 [

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor o8y o085 400 4100 400 4100 400 085 400 100 4100 1.00
Frt 0850

FlIt Frotected 0.950 0850

Satd. Flaws (prot) 433 3539 1] 1] 1] o 770 3539 1583 n] u] o
FlIt Fermitted 0950 0.950

Satd. Flow (perm) 3433 3539 1] 1] 1] o 770 3539 1583 n] u] o
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) )

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 513 1798 24411 2555
Travel Time (=) 11.7 40.9 54.8 503
Wolume fwph) 114 2263 u] u] u] o 52 235 ==} u] u] u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) 124 2460 u] u] u] o 5 1342 T u] u] u]
Lane Group Flow fwph) 124 2460 ] ] ] o 75 1342 T4 u] u] o
Turmn Type Ferm Ferm Ferm

Protected Phases 4 2

Fermitted Phases ) 2 2

Minimum Split (=) 220 230 220 230 2320

Total Split (=) 90 5890 0.0 0.0 0.0 oo 510 510 510 0.0 0.0 0.0
Total Split (%) G2.6% 63.6% 0.0% 0.0% 0.0% 0.0% 36.494% 36.94% 35.94% 0.0% 0.0% 00%
hMaximum Green (=) 220 820 440 440 440

rallow Time (=) 5.0 5.0 5.0 5.0 5.0

All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0

LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 110 11.0 110 410 110

Fedestrian Callsi#hn u} u] u} u} u}

Aot Effet Grean (5) B850 850 G450 4o 470

Actuated giC Ratio 0.61 061 034 034 029

wic R atio 005 114 0413 113 014

Contral Delay 112 888 3231 1118 2145

Queue Delay 0.0 0.0 0.0 0.0 0.0

Total Drelay 112 888 F31 1118 2145

LOS B F C F C

Approach Delay 9.6 1029

Approach LOS F F

Intersection Summarny

Area Type: Other

Cycle Length: 140

Aoty ated Cyele Length: 140

Offzet: 0 (0%}, Referenced to phase 2:MBTL and &:, Start of Green

Matural Cycle: 140

Cantral Type: Pretimed

bl aximum wic Ratie: 1.14

Intersection Signal Delay: 92.0 Intersection LOS: F
Intersection Capacity Wilization 103 .4% ICU Lewvel of Service &
Analysis Period (min) 15

Splits and Phases:  8: Int

Tnz = a J
Bl 2 I [ I
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Lane Group EBL EBT 'WBT WBRE SBL SHBE
Lane Configurations +4 L]

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a
Lane Util. Factor 100 085 4100 100 100 1.00
Frt

FlIt Frotected 0950

Satd. Flaws (prot) 0o 35349 1] o A770 o
FlIt Fermitted 0.950

Satd. Flow (perm) 0o 35349 1] o 770 o
Right Turn on Red ez ez ves
Satd. Flow (RTOR) 218
Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) 30 30 30

Link Dristance (ff) 888 1644 200
Travel Time (=) 202 374 4.5
Walume (wphl o 500 u] u] 40 u}
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) 0o 543 u] u] 43 o
Lane Group Flow fvph) o 543 ] ] 43 o
Turmn Type

Protected Phases 4

Fermitted Phases G
hinimum Split (51 23.0 23.0

Total Split (=) 00 260 0.0 0.0 240 0.0
Total Split (%) 0.0% S20% 0.0% 0.0% 42.0% 0.0%
hMaximum Green (=) 19.0 17.0
“rellow Time () 5.0 5.0
All-Fed Time (=) 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0
Fedestrian Callsi#hn u] u]

Aot Effet Grean (5) 22.0 20.0
Actuated giC Ratio 0.44 0.40

wic R atio 0.35 0.05
Cantrol Delay 10.1 0.1
Queue Delay 0.0 0.0

Tatal Delay 10.1 0.1

LOS B A
Approach Delay 10.1 0.1
Approach LOS B A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 8 (16%), Referenced to phase 2: and

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratio: 0.25

Intersection Signal Delay: 9.2
Intersection Capacity Utilization 45.2%
Analysis Period (min) 15

Splits and Phases:  1:Int

G:SBL, Start of Green

Intersection LOS: A
ICU Lewvel of Service A

= 54
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations +4 [ +4 i +4

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 085 400 4100 400 100 400 085 400 100 085 1.00
Frt 0850 0850

FlIt Frotected

Satd. Flaws (prot) 0o 3539 1583 1] 1] o 0O 2538 1583 0 3539 o
FIt Permitted

Satd. Flow (perm) 0o 3539 1583 1] 1] o 0 3538 1583 0 3539 o
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) ) 33

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 1644 1380 203 200
Travel Time (=) ar.g .G 203 4.5
Wolume fwph) o 480 a0 u] u] o o 270 30 o 27 u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) o 533 i) u] u] o o 283 o) o 293 u]
Lane Group Flow fvph) o 533 54 ] ] o o 283 33 o 283 o
Turmn Type Ferm Ferm

Protected Phases 4 2 5]
Fermitted Phases 4 2

Minimum Split (=) 230 230 230 230 220

Total Split (=) 00 260 25.0 0.0 0.0 0.0 oo 240 240 oo 240 0.0
Total Split (%) 0.0% S20% 52.0% 0.0% 0.0% 00% 0.0% 425.0% 42.0% 0.0% 42.0% 0.0%
hMaximum Green (=) 19.0 19.0 170 170 17.0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0 110 110 11.0
Fedestrian Callsi#hn u] u] u} u} u}

Aot Effet Grean (5) 220 220 200 200 200
Actuated giC Ratio 044 044 0.40 040 0.40

wic R atio 034 007 021 0105 021
Cantrol Delay 2.2 0.z 10.3 4.4 2349
Queue Delay 0.0 0.0 0.0 0.0 0.z

Total Drelay 2.2 0.z 10.2 .4 4.1

LOS A A B A A
Approach Delay 2.0 ar .1
Approach LOS A A A

Intersection Summarny

Area Type: Other
Cyle Length: S0
Aoty ated Cyele Length: S0

Offzet: 44 (223%), Referenced to phase 2:NBT and G:5BT, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratie: 0.24
Intersection Signal Delay: 4.6

Intersection Capacity Utilization 27.7 %

Analysis Period (min) 15

Splits and Phases:  3: Int

Intersection LOS: A
ICU Lewvel of Service A
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Lane Group EBT EBR 'WwBL WBT HEL HNBR
Lane Configurations +4 L]

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) a 15 15 a
Lane Util. Factor 1.00 400 100 085 100 1.00
Frt

FlIt Frotected 0950

Satd. Flaws (prot) u] 1] 0o 3538 1770 o
FlIt Fermitted 0.950

Satd. Flow (perm) u] 1] 0 3538 1770 o
Right Turn on Red “fes fes  fes
Satd. Flow (RTOR) 218
Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) a0 30 30

Link Dristance (ff) 1288 G268 200
Travel Time (=) 2.4 14.2 4.5
Walume (wphl u} u] o 500 40 u}
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) u] u] 0 543 43 o
Lane Group Flow fvph) u] ] 0o 543 43 o
Turmn Type

Protected Phases 2

Fermitted Phases 2
hinimum Split (51 23.0 230

Total Split (=) 0.0 0.0 0.0 260 240 0.0
Total Split (%) 0.0% 00% 0.0%52.0% 42.0% 0.0%
hMaximum Green (=) 19.0 470
“rellow Time () 5.0 5.0
All-Fed Time (=) 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 41.0
Fedestrian Callsi#hn u] u]

Aot Effet Grean (5) 220 200
Actuated giC Ratio 044 040

wic R atio 035 005
Cantrol Delay 10.1 1.4
Queue Delay 0.0 0.0

Tatal Delay 10.1 1.4

LOS B A
Approach Delay 10.1 1.4
Approach LOS B A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 14 (28%), Referenced to phase 2:NBL and G:, Start of Green

Matural Cycle: S50

Contral Type: Pretimed

bl aximum wic Ratio: 0.25

Intersection Signal Lelay: 9.4 Intersection LOS: A
Intersection Capacity Utilization 87 .8% ICU Lewvel of Service E
Analysis Period (min) 15

Splits and Phases:  9: Int

od
if= [
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations +4 [ +4 +4 i
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 1.00 400 4100 100 085 100 400 085 400 100 085 1.00
Frt 0850 0250
FlIt Frotected

Satd. Flaws (prot) u] 1] 1] 0o 3538 1523 0 2539 n] 0O 3539 1583
FIt Permitted

Satd. Flow (perm) u] 1] 1] 0o 3538 14583 0 =539 n] 0 3539 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 5 33
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 164 1388 200 aos

Travel Time (=) ar.3 .4 4.5 206
Wolume fwph) u] u] u] o 480 a0 o 270 u] o 27 20
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] u] o 533 el ¥ o 283 u] o 293 i
Lane Group Flow fvph) u] ] ] o 533 54 o 283 u] o 283 23
Turmn Type Ferm Ferm
Protected Phases 2 2 5]
Fermitted Phases g G
Minimum Split (=) 23.0 230 23.0 220 230
Total Split (=) 0.0 0.0 0.0 00 260 260 oo 240 0.0 oo 240 240
Total Split (%) 0.0% 00% 0.0% 0.0% 52.0%52.0% 0.0% 45.0% 0.0% 0.0% 942.0% $2.0%
hMaximum Green (=) 19.0 19.0 17.0 170 A7.0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 110 41.0 11.0 110 11.0
Fedestrian Callsi#hn u] u} u} u} u]
Aot Effet Grean (5) 220 220 200 200 200
Actuated giC Ratio 044 0449 0.40 040 040
wic R atio 034 007 021 021 005
Cantrol Delay 1.8 0.z 18 10.3 4.4
Queue Delay 0.0 0.0 0.z 0.0 0.0
Total Drelay 1.8 0.z 2.0 0.3 4.4
LOS A ) A B A
Approach Delay 1.7 2.0 ar
Approach LOS A A A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 46 (92%), Referenced to phase 2:NBT and G:5BT, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratie: 0.24

Intersection Signal Delay: 2.9 Intersection LOS: A
Intersection Capacity Utilization 27.7 % ICU Lewvel of Service A
Analysis Period (min) 15

Splits and Phases: 12! Int
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Lane Group EBL EBT 'WBT WBRE SBL SHBE
Lane Configurations +4 L]

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a
Lane Util. Factor 100 085 4100 100 100 1.00
Frt

FlIt Frotected 0950

Satd. Flaws (prot) 0o 35349 1] o A770 o
FlIt Fermitted 0.950

Satd. Flow (perm) 0o 35349 1] o 770 o
Right Turn on Red ez ez ves
Satd. Flow (RTOR) 15
Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) 55 55 30

Link Dristance (ff) 888 1644 200
Travel Time (=) 11.0 204 4.5
Wolume fwph) 0 2286 u] o 183 o
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) 0 2485 u] o 194 o
Lane Group Flow fvph) 0o 2485 ] o 184 o
Turmn Type

Protected Phases 4

Fermitted Phases G
hinimum Split (51 23.0 23.0

Total Split (=) oo 1zz.0 0.0 oo 280 0.0
Total Split (%) 0.0% 81.3% 0.0% 0.0% 18.7% 0.0%
hMaximum Green (=) 115.0 21.0
“rellow Time () 5.0 5.0
All-Fed Time (=) 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0
Fedestrian Callsi#hn u] u]

Aot Effet Grean (5) 118.0 24.0
Actuated giC Ratio o.ya 0.6

wic R atio 059 057
Cantrol Delay 17.0 323
Queue Delay 0.0 0.0

Tatal Delay 17.0 323

LOS B C
Approach Delay 17.0 323
Approach LOS B C

Intersection Summarny

Area Type: Other
Cyle Length: 150
Aoty ated Cyele Length: 150

Offzet: 140 (83%), Referenced to phase 2: and 6:5BL, Start of Green

Matural Cycle: 90

Cantral Type: Pretimed

bl aximum wic Ratie: 0.89

Intersection Signal Delay: 18.2
Intersection Capacity Utilization 185.4%
Analysis Period (min) 15

Splits and Phases:  1: Major Road EB &

Intersection LOS: B
ICU Level of Senvice H
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations +4 [ +4 i +4

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 085 400 4100 400 100 400 085 400 100 085 1.00
Frt 0850 0850

FlIt Frotected

Satd. Flaws (prot) 0o 3539 1583 1] 1] o 0O 2538 1583 0 3539 o
FIt Permitted

Satd. Flow (perm) 0o 3539 1583 1] 1] o 0 3538 1583 0 3539 o
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) il )

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 1644 1380 203 200

Travel Time (=) 20.4 172 203 4.5
Wolume fwph) 0o 2244 228 u] u] o o 1235 127 0o 1235 u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) 0 2436 2498 u] u] o 0o 342 149 o 1342 u]
Lane Group Flow fvph) 0 2436 248 ] ] o o 1342 149 o 1342 o
Turmn Type Ferm Ferm

Protected Phases 4 2 5]
Fermitted Phases 4 2

Minimum Split (=) 260 Z26.0 230 230 220

Total Split (=) o0 940 840 0.0 0.0 0.0 oo S50 S50 0o 850 0.0
Total Split (%) 0.0% G2.7% 6G2.7% 0.0% 0.0% 00% 0.0% 37.3%37.3% 0.0%373% 0.0%
hMaximum Green (=) g2y.0 8r.ao 4.0 49.0 49.0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0 110 110 11.0
Fedestrian Callsi#hn u] u] u} u} u}

Aot Effet Grean (5) ao0.0  80.0 520 G20 520
Actuated giC Ratio 0560 060 035 035 0.25

wic R atio 115 026 1.09 027 1.09
Contral Delay 934 8.z 100.F 36.0 0.0
Queue Delay 0.0 0.0 F5.3 0.0 0.0

Total Drelay 9324 8.z 176.0 36.0 0.0

LOS F A F 8] [
Approach Delay 856 162.0 a0.0
Approach LOS F F L

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 142 (89%), Referenced to phase Z:NBT and G:5BT, Start of Green

Matural Cyecle: 120

Cantral Type: Pretimed

bl aximum wic Ratio: 1.15

Intersection Signal Delay: 97 .6 Intersection LOS: F
Intersection Capacity Utilization 102.2% ICU Lewvel of Service &
Analysis Period (min) 15

Splits and Phases:  3: Major Road EB & Minor Read
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Lane Group EBT EBR 'WwBL WBT HEL HNBR
Lane Configurations +4 L]

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) a 15 15 a
Lane Util. Factor 1.00 400 100 085 100 1.00
Frt

FlIt Frotected 0950

Satd. Flaws (prot) u] 1] 0o 3538 1770 o
FlIt Fermitted 0.950

Satd. Flow (perm) u] 1] 0 3538 1770 o
Right Turn on Red “fes fes  fes
Satd. Flow (RTOR) 14
Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) 55 55 30

Link Dristance (ff) 1288 G268 200
Travel Time (=) 172 T.a 4.5
Wolume fwph) u] u] 0 z2a8 201 o
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) u] u] 0 2485 218 o
Lane Group Flow fvph) u] ] 0o 2485 218 o
Turmn Type

Protected Phases 2

Fermitted Phases 2
hinimum Split (51 23.0 230

Total Split (=) 0.0 0.0 0.0 1z21.0 290 0.0
Total Split (%) 0.0% 00% 0.0%30.7% 19.2% 0.0%
hMaximum Green (=) 114.0 220
“rellow Time () 5.0 5.0
All-Fed Time (=) 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 41.0
Fedestrian Callsi#hn u] u]

Aot Effet Grean (5) 1170 250
Actuated giC Ratio oys 047

wic R atio oe0 071
Cantrol Delay 182 2449
Queue Delay 0.0 0.0

Tatal Delay 182 32449

LOS B C
Approach Delay 182 2449
Approach LOS B C

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 140 (83%), Referenced to phase Z:NBL and &:, Start of Green

Matural Cycle: 90

Cantral Type: Pretimed

bl aximum wic Ratie: 0.90

Intersection Signal Delay: 19.5 Interzection LOS: B
Intersection Capacity Utilization 185.4% ICU Lewvel of Service H
Analysis Period (min) 15

Splits and Phases:  9: Major Road WH &
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations +4 [ +4 +4 i
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 1.00 400 4100 100 085 100 400 085 400 100 085 1.00
Frt 0850 0250
FlIt Frotected

Satd. Flaws (prot) u] 1] 1] 0o 3538 1523 0 2539 n] 0O 3539 1583
FIt Permitted

Satd. Flow (perm) u] 1] 1] 0o 3538 14583 0 =539 n] 0 3539 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) a 4
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 164 1388 200 aos

Travel Time (=) 20.3 172 4.5 206
Wolume fwph) u] u] u] o 2244 223 0 1235 u] o 235 137
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] u] 0 2436 243 0 1342 u] o 134 1449
Lane Group Flow fvph) u] ] ] 0 2436 242 o 1342 u] o 1342 1448
Turmn Type Ferm Ferm
Protected Phases 2 2 5]
Fermitted Phases g G
Minimum Split (=) 23.0 230 23.0 220 230
Total Split (=) 0.0 0.0 0.0 0.0 940 940 oo 550 0.0 0o &850 550
Total Split (%) 0.0% 00% 0.0% 0.0% G2.7%5627% 0.0% 37.3% 00% 0.0%373% 37.3%
hMaximum Green (=) gF.0 8rvao 4.0 9.0 49.0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 110 41.0 11.0 110 11.0
Fedestrian Callsi#hn u] u} u} u} u]
Aot Effet Grean (5) ao0.0 900 52.0 520 520
Actuated giC Ratio 0560 060 0.35 0.25 035
wic R atio 115 026 1.09 1.09 027
Contral Delay 831 a3z 51.1 1007 36.0
Queue Delay 0.0 0.0 3.8 232 0.0
Total Drelay 931 a3z 54.9 1228 36.0
LOS F ) E F o]
Approach Delay 854 54.9 1151
Approach LOS F E F

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 144 (B5%), Referenced to phase Z:NBT and G6:5BT, Start of Green

Matural Cyecle: 120

Cantral Type: Pretimed

bl aximum wic Ratio: 1.15

Intersection Signal Delay: 883.5 Intersection LOS: F
Intersection Capacity Utilization 102.2% ICU Lewvel of Service &
Analysis Period (min) 15

Splits and Phases:  12: Major Boad WMrB & Minor Road

1.

BB |

! -~

F  at [
b= | T

Median U-turn 7315vph part 4 of 4



117

Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations [ if [ [ if
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 400 4100 4100 400 100 400 100 q00 100 .00 1.00
Frt 0850 0250
FlIt Frotected

Satd. Flaws (prot) u] 1] 1] o 1883 1523 o 1863 n] o 1863 1583
FIt Permitted

Satd. Flow (perm) u] 1] 1] o 1853 14583 o 1863 n] o 1863 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 5 33
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 2014 1843 1104 1716

Travel Time (=) 45.8 4.9 25.1 290
Wolume fwph) u] u] u] u] <0 a0 o 270 u] o 27 20
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] u] u] 43 el ¥ o 283 u] o 293 i
Lane Group Flow fvph) u] ] ] ] 43 54 o 283 u] o 283 23
Turmn Type Ferm Ferm
Protected Phases 2 2 5]
Fermitted Phases g G
Minimum Split (=) 23.0 230 23.0 220 230
Total Split (=) 0.0 0.0 0.0 00 260 260 oo 240 0.0 oo 240 240
Total Split (%) 0.0% 00% 0.0% 0.0% 52.0%52.0% 0.0% 45.0% 0.0% 0.0% 942.0% $2.0%
hMaximum Green (=) 19.0 19.0 17.0 170 A7.0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 110 41.0 11.0 110 11.0
Fedestrian Callsi#hn u] u} u} u} u]
Aot Effet Grean (5) 220 220 200 200 200
Actuated giC Ratio 044 0449 0.40 040 040
wic R atio o005 o0or 0.9 039 005
Cantrol Delay 248 1.5 2.1 127 4.4
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Drelay 2.4 1.5 2.1 12.7 4.4
LOS A ) A B A
Approach Delay 2.6 2.1 11.2
Approach LOS A A B

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 24 (48%), Referenced to phase 2:NBT and G:5BT, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratie: 0.29

Intersection Signal Delay: 6.6 Intersection LOS: A
Intersection Capacity Utilization 26.7 % ICU Lewvel of Service A
Analysis Period (min) 15

Splits and Phases:  9:WB turns & Minor Read
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations [ if [ [ [

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 400 4100 4100 400 100 400 100 q00 100 .00 1.00
Frt 0850 0850

FlIt Frotected

Satd. Flaws (prot) o 1863 1583 1] 1] o 0o 1862 1583 o 1863 o
FIt Permitted

Satd. Flow (perm) o 1863 1583 1] 1] o 0o 1862 1583 o 1863 o
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) ) 33

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 1998 1902 1260 1104
Travel Time (=) 45.4 423.2 286 25.1
Wolume fwph) u] <40 a0 u] u] o o 270 30 o 27 u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] 43 i) u] u] o o 283 o) o 293 u]
Lane Group Flow fvph) u] 43 54 ] ] o o 283 33 o 283 o
Turmn Type Ferm Ferm

Protected Phases 4 2 5]
Fermitted Phases 4 2

Minimum Split (=) 230 230 230 230 214

Total Split (=) 00 260 25.0 0.0 0.0 0.0 oo 240 240 oo 240 0.0
Total Split (%) 0.0% S20% 52.0% 0.0% 0.0% 00% 0.0% 425.0% 42.0% 0.0% 42.0% 0.0%
hMaximum Green (=) 19.0 19.0 170 170 18.45
rallow Time (=) 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 0.5
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0 110 110 11.0
Fedestrian Callsi#hn u] u] u} u} u}

Aot Effet Grean (5) 220 220 200 200 200
Actuated giC Ratio 044 044 0.40 040 0.40

wic R atio o.o0s o007 039 005 .39
Cantrol Delay 2.5 1.2 12.7 4.4 2.1
Queue Delay 0.0 0.0 0.0 0.0 0.0

Total Drelay 2.8 1.2 127 .4 2.1

LOS A A B A A
Approach Delay 2.2 11.8 2.1
Approach LOS A B A

Intersection Summarny

Area Type: Other
Cyle Length: S0
Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2:MBT and 6:5BT, Stat of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratie: 0.29
Intersection Signal Delay: 6.6

Intersection Capacity Utilization 26.7 %

Analysis Period (min) 15

Splits and Phazes:

Intersection LOS: A
ICU Lewvel of Service A

12: EB turns & Minor Road
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Lane Group EBL EBT 'WBT WBRE SBL SHBE
Lane Configurations [ L]

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a
Lane Util. Factor 1.00 400 4100 100 100 1.00
Frt

FlIt Frotected 0950

Satd. Flaws (prot) o 1863 1] o A770 o
FlIt Fermitted 0.950

Satd. Flow (perm) 0o 1863 1] o 770 o
Right Turn on Red ez ez ves
Satd. Flow (RTOR) 933
Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) 30 30 30

Link Dristance (ff) 1827 1993 1120
Travel Time (=) 4.5 454 255
Walume (wphl u} A0 u] u] 40 u}
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) u] i) u] u] 43 o
Lane Group Flow fvph) u] 54 ] ] 43 o
Turmn Type

Protected Phases 4 G
Fermitted Phases

hinimum Split (51 23.0 23.0

Total Split (=) 00 260 0.0 0.0 240 0.0
Total Split (%) 0.0% S20% 0.0% 0.0% 42.0% 0.0%
hMaximum Green (=) 19.0 17.0
“rellow Time () 5.0 5.0
All-Fed Time (=) 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0
Fedestrian Callsi#hn u] u]

Aot Effet Grean (5) 22.0 20.0
Actuated giC Ratio 0.44 0.40

wic R atio o.o7 0.03
Cantrol Delay 2.4 0.1
Queue Delay 0.0 0.0

Tatal Delay 2.4 0.1

LOS A A
Approach Delay 2.4 0.0
Approach LOS A A

Intersection Summarny

Area Type: Other
Cyle Length: S0
Aoty ated Cyele Length: S0

Offzet: & (12%), Referenced to phase 2: and G6:5BL, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratie: 0.07

Intersection Signal Delay: 4.7
Intersection Capacity Utilization 25.0%
Analysis Period (min) 15

Splits and Phases:  13: EB tumns &

Intersection LOS: A
ICU Level of Service E
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Lane Group EBT EBR 'WwBL WBT HEL HNBR
Lane Configurations [ L]

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) a 15 15 a
Lane Util. Factor 1.00 400 4100 100 100 1.00
Frt

FlIt Frotected 0950

Satd. Flaws (prot) u] 1] o 1883 1770 o
FlIt Fermitted 0.950

Satd. Flow (perm) u] 1] o 1863 1770 o
Right Turn on Red “fes fes  fes
Satd. Flow (RTOR) 933
Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) a0 30 30

Link Dristance (ff) 1843 1760 1087
Travel Time (=) 41.9 400 247
Walume (wphl u} u] u] A0 40 u}
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) u] u] u] i) 43 o
Lane Group Flow fvph) u] ] ] 54 43 o
Turmn Type

Protected Phases 2 2
Fermitted Phases

hinimum Split (51 23.0 230

Total Split (=) 0.0 0.0 0.0 260 240 0.0
Total Split (%) 0.0% 00% 0.0%52.0% 42.0% 0.0%
hMaximum Green (=) 19.0 470
“rellow Time () 5.0 5.0
All-Fed Time (=) 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 41.0
Fedestrian Callsi#hn u] u]

Aot Effet Grean (5) 220 200
Actuated giC Ratio 044 040

wic R atio ooy 003
Cantrol Delay 2.4 0.1
Queue Delay 0.0 0.0

Tatal Delay 2.4 0.1

LOS A A
Approach Delay 8.4 0.0
Approach LOS A A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 32 (54%), Referenced to phase 2:NBL and G:, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratie: 0.07

Intersection Signal Delay: 4.7 Intersection LOS: A
Intersection Capacity Utilization 130.5% ICU Lewvel of Service H
Analysis Period (min) 15

Splits and Phases: 15 W'B turns &
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations [ if [ [ if
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 400 4100 4100 400 100 400 100 q00 100 .00 1.00
Frt 0850 0250
FlIt Frotected

Satd. Flaws (prot) u] 1] 1] o 1883 1523 o 1863 n] o 1863 1583
FIt Permitted

Satd. Flow (perm) u] 1] 1] o 1853 14583 o 1863 n] o 1863 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 00 113
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 2014 1843 1104 1716
Travel Time (=) 45.8 4.9 25.1 290
Wolume fwph) u] u] u] o 200 260 o 1359 u] o 1353 150
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] u] o 217 ¥z o 1477 u] o 1477 163
Lane Group Flow fvph) u] ] ] o 247 27z o 1477 u] o 4477 163
Turmn Type Ferm Ferm
Protected Phases 2 2 5]
Fermitted Phases g G
Minimum Split (=) 23.0 230 23.0 220 230
Total Split (=) 0.0 0.0 0.0 0o 230 230 o0 1z2F.0 0.0 00 1270 1z27.0
Total Split (%) 0.0% 00% 0.0% 0.0% 15.3% 15.3% 0.0% 84.7% 0.0% 0.0% 847% 24.7%
hMaximum Green (=) 16.0 1G6.0 120.0 1200 41200
rallow Time (=) 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 110 41.0 11.0 110 11.0
Fedestrian Callsi#hn u] u} u} u} u]
Aot Effet Grean (5) 19.0 19.0 123.0 12230 123.0
Actuated giC Ratio 013 013 0.a8z2 0.ez2 082
wic R atio 08z o084 o.ar 08y 042
Contral Delay 1048 202 13.3 292 1.4
Queue Delay 0.0 0.0 0.0 0.0 0.0
Total Drelay 1048 202 13.3 292 1.1
LOS F F B C A
Approach Delay a1.5 13.3 26.4
Approach LOS F B [

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 0 (0%}, Referenced to phase 2:MBT and 6:5BT, Stat of Green

Matural Cycle: 130

Cantral Type: Pretimed

bl aximum wic Ratio: 0.97

Intersection Signal Delay: 29.9 Interzection LOS: C
Intersection Capacity Utilization 93.7 % ICU Lewvel of Service F
Analysis Period (min) 15

Splits and Phases:  9:WB turns & Minor Read
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations [ if [ [ [

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 400 4100 4100 400 100 400 100 q00 100 .00 1.00
Frt 0850 0850

FlIt Frotected

Satd. Flaws (prot) o 1863 1583 1] 1] o 0o 1862 1583 o 1863 o
FIt Permitted

Satd. Flow (perm) o 1863 1583 1] 1] o 0o 1862 1583 o 1863 o
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 100 113

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 1998 1902 1260 1104
Travel Time (=) 45.4 423.2 286 25.1
Wolume fwph) 0o 200 250 u] u] o 0o 1358 150 o 1359 u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) o217 272 u] u] o o 1477 163 o 1477 u]
Lane Group Flow fvph) o 217 272 ] ] o o 1477 163 o 4477 o
Turmn Type Ferm Ferm

Protected Phases 4 2 5]
Fermitted Phases 4 2

Minimum Split (=) 230 230 230 230 220

Total Split (=) oo 230 230 0.0 0.0 0.0 o0 12F.0 1270 0.0 1270 0.0
Total Split (%) 0.0% 15.23% 15.3% 0.0% 0.0% 00% 0.0% 847% 24.7% 0.0% 847% 0.0%
hMaximum Green (=) 16.0  16.0 1200 120.0 120.0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0 110 110 11.0
Fedestrian Callsi#hn u] u] u} u} u}

Aot Effet Grean (5) 19.0  19.0 12230 123.0 123.0
Actuated giC Ratio 013 043 082 082 0.8z

wic R atio 08z 084 o8y 0.1z 0.9y
Contral Delay 1048 302 282 1.1 12.3
Queue Delay 0.0 0.0 0.0 0.0 0.0

Total Drelay 1048 302 282 1.1 12.3

LOS F F C A B
Approach Delay 91.5 26.4 13.3
Approach LOS F C B

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 0 (0%}, Referenced to phase 2:MBT and 6:5BT, Stat of Green

Matural Cycle: 130

Cantral Type: Pretimed

bl aximum wic Ratio: 0.97

Intersection Signal Delay: 29.9 Interzection LOS: C
Intersection Capacity Utilization 93.7 % ICU Lewvel of Service F
Analysis Period (min) 15

Splits and Phases:  12: EB turns & Minor Road
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Lane Group EBL EBT 'WBT WBRE SBL SHBE
Lane Configurations [ L]

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a
Lane Util. Factor 1.00 400 4100 100 100 1.00
Frt

FlIt Frotected 0950

Satd. Flaws (prot) o 1863 1] o A770 o
FlIt Fermitted 0.950

Satd. Flow (perm) 0o 1863 1] o 770 o
Right Turn on Red ez ez ves
Satd. Flow (RTOR) 83
Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) 30 30 30

Link Dristance (ff) 1827 1993 1120
Travel Time (=) 4.5 454 255
Walume (wphl 1] u] o Z0a u}
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) o 272 u] o 217 o
Lane Group Flow fvph) o 272 ] o 247 o
Turmn Type

Protected Phases 4 G
Fermitted Phases

hinimum Split (51 23.0 23.0

Total Split (=) 00 260 0.0 0.0 240 0.0
Total Split (%) 0.0% S20% 0.0% 0.0% 42.0% 0.0%
hMaximum Green (=) 19.0 17.0
“rellow Time () 5.0 5.0
All-Fed Time (=) 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0
Fedestrian Callsi#hn u] u]

Aot Effet Grean (5) 22.0 20.0
Actuated giC Ratio 0.44 0.40

wic R atio 0.33 0.2z
Cantrol Delay 10.6 0.5
Queue Delay 0.0 0.0

Tatal Delay 10.6 0.5

LOS B A
Approach Delay 10.6 0.5
Approach LOS B A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2: and 6:5BL, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratio: 0,233

Intersection Signal Delay: 6.1 Intersection LOS: A
Intersection Capacity Utilization 25.0% ICU Lewvel of Service E
Analysis Period (min) 15

Splits and Phases:  13: EB tumns &
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Lane Group EBT EBR 'WwBL WBT HEL HNBR
Lane Configurations [ L]

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) a 15 15 a
Lane Util. Factor 1.00 400 4100 100 100 1.00
Frt

FlIt Frotected 0950

Satd. Flaws (prot) u] 1] o 1883 1770 o
FlIt Fermitted 0.950

Satd. Flow (perm) u] 1] o 1863 1770 o
Right Turn on Red “fes fes  fes
Satd. Flow (RTOR) 83
Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) a0 30 30

Link Dristance (ff) 1843 1760 1087
Travel Time (=) 41.9 400 247
Walume (wphl u} u] o 250 125 u}
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) u] u] o 2¥2 1E6 o
Lane Group Flow fvph) u] ] o 272 136 o
Turmn Type

Protected Phases 2 2
Fermitted Phases

hinimum Split (51 23.0 230

Total Split (=) 0.0 0.0 0.0 260 240 0.0
Total Split (%) 0.0% 00% 0.0%52.0% 42.0% 0.0%
hMaximum Green (=) 19.0 470
“rellow Time () 5.0 5.0
All-Fed Time (=) 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0

Flash Drant Wialk (=) 11.0 41.0
Fedestrian Callsi#hn u] u]

Aot Effet Grean (5) 220 200
Actuated giC Ratio 044 040

wic R atio 033 014
Cantrol Delay 10.6 0.2
Queue Delay 0.0 0.0

Tatal Delay 10.6 0.2

LOS B A
Approach Delay 10.6 0.3
Approach LOS B A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2:MBL and &:, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratio: 0,233

Intersection Signal Delay: 7.2 Intersection LOS: A
Intersection Capacity Utilization 123.2% ICU Lewvel of Service H
Analysis Period (min) 15

Splits and Phases: 15 W'B turns &
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations +4 [ ++ [ +4 i +4 [l
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 085 400 100 085 100 400 085 400 100 085 1.00
Frt 0850 0850 0850 0250
FlIt Frotected

Satd. Flaws (prot) 0o 3539 1583 0o 3538 1523 0O 2538 1583 0O 3539 1583
FIt Permitted

Satd. Flow (perm) 0o 3539 1583 0o 3538 14583 0 3538 1583 0 3539 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 16 16 27 27
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 5355 1840 2523 1123

Travel Time (5) G54 22.8 573 255
Wolume fwph) o 270 15 o 270 15 0o 450 25 o 460 25
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) o 283 16 o 283 16 0o 489 27 o 429 27
Lane Group Flow fvph) o 283 16 o 283 16 o 489 27 o 429 27
Turmn Type Ferm Ferm Ferm Ferm
Protected Phases 4 2 2 5]
Fermitted Phases 4 g 2 G
Minimum Split (=) 230 230 23.0 230 230 230 220 230
Total Split (=) 00 260 25.0 00 260 260 oo 240 240 oo 240 240
Total Split (%) 0.0% S20% 52.0% 0.0% 52.0% 52.0% 0.0% 42.0% 42.0% 0.0% 42.0% J2.0%
M aximum Green (5) 19.0 19.0 19.0 19.0 170 170 17.0 17.0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 11.0 11.0 110 41.0 110 110 110 11.0
Fedestrian Callsi#hn u] u] u] u} u} u} u} u]
Aot Effet Grean (5) 220 220 220 220 200 200 200 200
Actuated giC Ratio 044 044 044 0449 0.40 040 040 040
wic R atio 019 o002 019 0.0z 035 004 035 004
Contral Delay 5.9 241 8.0 4.5 5.5 1.8 11.2 4.6
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Drelay 5.9 24 8.0 4.5 5.5 1.8 11.2 4.6
LOS A A A ) A A B A
Approach Delay g.7 87 G 11.0
Approach LOS A A A B

Intersection Summarny

Area Type: Other
Cyle Length: S0
Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2:MBT and 6:5BT, Stat of Green

Matural Cyele: 50

Contral Type: Pretimed
hdaximum wc Ratio: 035
Intersection Signal Delay: 8.2

Intersection Capacity Utilization 25.56%

Analysis Period (min) 15

Intersection LOS: A
ICU Lewvel of Service A

Splits and Phases:  3: Major Road & miner Road

T o2 od
it [ ZEz I
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Lane Group EBT EBR 'WyBL WBT HNBL HNBR

Lane Configurations +4 [ LI L L] [
Ideal Flow (wphpl) 1900 1900 4900 4900 1900 4900

Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) a 15 15 a
Lane Util. Factor 085 400 4100 0895 087 1.00
Frt 0250 0850
FlIt Frotected 0.950 0950

Satd. Flaws (prot) 3539 1533 AFY0 3539 3433 1583
FlIt Fermitted 0.573 0.950

Satd. Flow (perm) 3539 1583 1057 3539 3433 16983
Right Turn on Red “fes ‘res
Satd. Flow (RTOR) 16 27
Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) 55 55 30

Link Dristance (ff) 2773 5355 6306
Travel Time (=) 2.4 G5.4 145.4
Wolume fwph) 270 15 18 270 25 25
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) 293 16 16 283 27 27
Lane Group Flow fwphl 293 16 16 283 27 27
Turmn Type Ferm FPerm Ferm
Protected Phases 4 2 2
Fermitted Phases 4 g 2
Minimum Split (=) 230 230 230 230 230 230
Total Split (=) 260 260 260 260 240 240
Total Split (%) 52.0% 52.0% 52.0% 52.0% 942.0% 45.0%
hMaximum Green (=) 19.0 4190 190 190 470 1¥a0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 110 410 110 110 410 110
Fedestrian Callsi#hn u} u] u] u] u] u}
Aot Effet Grean (5) 220 Z20 0 2RO 220 200 ZOO
Actuated giC Ratio 044 044 044 044 040 040
wic R atio 019 00z 003 049 002 009
Cantrol Delay Q.0 4.6 [==] T2 1.0 0.z
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Drelay 2.0 4.6 5.9 7.2 1.0 0.z
LOS A A A A A )
Approach Delay 8.7 T2 0.6
Approach LOS A A A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2:MBL and &:, Start of Green

Matural Cycle: 50

Control Type: Pretimed

M aximum wc Ratio: 0.19

Intersection Signal Delay: 7.4 Intersection LOS: A
Intersection Capacity WHilization 25.0% ICU Level of Service A
Anabysiz Period (min) 15

Splits and Phases:  G: Major Road & Turning Road
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Lane Group EBL EBR HWBL NBT SBT SBR

Lane Configurations L] [ LI ) [
Ideal Flow (wphpl) 1900 1900 4900 4900 1900 4900

Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a
Lane Util. Factor 08y 100 4100 0895 085 1.00
Frt 0250 0850
FlIt Frotected 0.950 0.950

Satd. Flaws (prot) 433 1583 AFY0 3539 3530 1583
FlIt Fermitted 0950 0.450

Satd. Flow (perm) 3433 1583 838 3539 3539 1583
Right Turn on Red “fes ‘res
Satd. Flow (RTOR) 16 27
Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) a0 30 30

Link Dristance (ff) [saci=]a) Q52 2523
Travel Time (=) 145.4 219 4573
Wolume fwph) 15 15 25 450 460 25
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) 16 16 27 488 429 27
Lane Group Flow fwphl 16 16 27 488 429 27
Turmn Type Ferm FPerm Ferm
Protected Phases 4 2 G
Fermitted Phases 4 2 G
Minimum Split (=) 230 230 230 230 230 230
Total Split (=) 260 260 240 240 240 240
Total Split (%) 52.0% 52.0% 42.0% 45.0% 942.0% 45.0%
hMaximum Green (=) 19.0 4190 1¥yo AF¥0 ATO0 1¥a0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 110 410 110 110 410 110
Fedestrian Callsi#hn u} u] u] u] u] u}
Aot Effet Grean (5) 220 220 Z0O 200 200 ZOO
Actuated giC Ratio 044 044 040 040 040 040
wic R atio 001 00z 008 035 035 009
Contral Delay 4.7 28 102 113 24 0.z
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Drelay 4.7 28 102 11.3 24 0.z
LOS A A B B A )
Approach Delay 3.8 11.3 2.8
Approach LOS A B A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 4 (2%, Referenced to phase 2:MBTL and 6:5BT, Start of Green

Matural Cyele: 50

Contral Type: Pretimed

b aximum wc Ratio: 035

Intersection Signal Delay: 6.9 Intersection LOS: A
Intersection Capacity Utilization 33.3% ICU Lewvel of Service A
Analysis Periaod (min) 15

Splits and Phases:  ¥: Turning Road & minor Road
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations +4 [ ++ [ +4 i +4 [l
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 085 400 100 085 100 400 085 400 100 085 1.00
Frt 0850 0850 0250
FlIt Frotected

Satd. Flaws (prot) 0o 3539 1863 0o 3538 1523 0O 2538 1583 0O 3539 1583
FIt Permitted

Satd. Flow (perm) 0o 3539 1863 0o 3538 14583 0 3538 1583 0 3539 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 3 3 2
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) bita] 55 30 30

Link Dristance (ff) 5355 1840 2523 1123

Travel Time (5) G54 22.8 573 255
Wolume fwph) 0 2263 u] o z23gs 125 0o 1358 150 o 1353 150
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) 0 2460 u] 0 2596 136 o 1477 163 o 1477 163
Lane Group Flow fvph) 0 24680 ] 0 2536 136 o 1477 163 o 4477 163
Turmn Type Ferm Ferm Ferm Ferm
Protected Phases 4 2 2 5]
Fermitted Phases 4 g 2 G
Minimum Split (=) 230 230 23.0 230 230 230 220 230
Total Split (=) 00 930 830 00 930 930 oo 5F0 570 oo 5§70 570
Total Split (%) 0.0% GZ0% 62.0% 0.0% G2.0% 562.0% 0.0% 38.0% 32.0% 0.0% 32.0% 32.0%
M aximum Green (5) B5.0 860 85.0 B86.0 500 S0.0 S00 500
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 11.0 11.0 110 41.0 110 110 110 11.0
Fedestrian Callsi#hn u] u] u] u} u} u} u} u]
Aot Effet Grean (5) E0.0 590 =290 53.0 4630 530 530
Actuated giC Ratio 0.59 059 059 035 035 0.25 035
wic R atio 117 1.24 014 118 023 118 028
Contral Delay 112.3 1288 138 1270 335 1227 36.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Drelay 112.3 1288 138 1270 335 12327 36.3
LOS F F B F C F o]
Approach Delay 112.3 1336 r.T 1231
Approach LOS F F F F

Intersection Summarny

Area Type: Other
Cyle Length: 150
Aoty ated Cyele Length: 150

Offzet: 93 (55%), Referenced to phase 2:NBT and G:5BT, Start of Green

Matural Cycle: 150
Cantral Type: Pretimed
bl aximum wic Ratie: 1.24

Intersection Signal Delay: 1223
Intersection Capacity Utilization 110.2%

Analysis Period (min) 15

Splits and Phazes:

Intersection LOS: F
ICU Level of Senvice H

3: Major Bead & Minor Road
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Lane Group EBT EBR 'WyBL WBT HNBL HNBR

Lane Configurations +4 [ LI L L] [
Ideal Flow (wphpl) 1900 1900 4900 4900 1900 4900

Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) a 15 15 a
Lane Util. Factor 085 400 4100 0895 087 1.00
Frt 0250

FlIt Frotected 0.950 0950

Satd. Flaws (prot) 3539 15833 AFY0 3539 3433 1863
FlIt Fermitted 0.042 0.950

Satd. Flow (perm) 3539 1583 B0 3538 3433 1863
Right Turn on Red “fes ‘res
Satd. Flow (RTOR) 163

Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) 55 55 30

Link Dristance (ff) 2773 5355 6306
Travel Time (=) 2.4 G5.4 145.4
Wolume fwph) 2388 160 20O 2338 Fis] o
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) 2586 163 217 2544 82 o
Lane Group Flow fwph) 2585 1632 217 254 82 o
Turmn Type Ferm FPerm Ferm
Protected Phases 4 2 2
Fermitted Phases 4 g 2
Minimum Split (=) 230 230 230 230 230 230
Total Split (=) Y0 870 870 8Y0 230 230
Total Split (%) TOAW T % TO.1% FO.1% 20.9% 20.9%
hMaximum Green (=) g200 800 200 200 460 150
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 110 410 110 110 410 110
Fedestrian Callsi#hn u} u] u] u] u] u}
Aot Effet Grean (5) B30 830 830 830 190
Actuated giC Ratio oys 0y5 075 075 047

wic R atio 08y 043 324 085 014
Contral Delay 254 0810890 2148 393
Queue Delay 0.0 0.0 0.0 0.0 0.0

Total Drelay 254 0810890 218 383

LOS C A F C o]
Approach Delay 2349 1035 393
Approach LOS [ F [

Intersection Summarny

Area Type: Other

Cyele Length: 110

Aoty ated Cyele Length: 1410

Offzet: 0 (0%}, Referenced to phase 2:MBL and &:, Start of Green

Matural Cycle: 110

Cantral Type: Pretimed

bl aximum wic Ratie: 3.24

Intersection Signal Delay: 63.4 Interzection LOS: E
Intersection Capacity Utilization 92.9% ICU Lewvel of Service F
Analysis Period (min) 15

Splits and Phases:  6: Major Road & Tum Foad
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Lane Group EBL EBR HWBL NBT SBT SBR

Lane Configurations L] [ LI ) [
Ideal Flow (wphpl) 1900 1900 4900 4900 1900 4900

Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a
Lane Util. Factor 08y 100 4100 0895 085 1.00
Frt 0250

FlIt Frotected 0.950 0.950

Satd. Flaws (prot) 433 18583 AFY0 3539 3530 1863
FlIt Fermitted 0950 0116

Satd. Flow (perm) 3433 1583 216 3539 3539 1863
Right Turn on Red “fes ‘res
Satd. Flow (RTOR) 49

Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) a0 30 30

Link Dristance (ff) [saci=]a) Q52 2523
Travel Time (=) 145.4 219 4573
Wolume fwph) 150 200 Ta 1434 1369 o
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) 163 217 B2 1558 1477 o
Lane Group Flow fwph) 163 217 82 1558 1477 o
Turmn Type Ferm FPerm Ferm
Protected Phases 4 2 G
Fermitted Phases 4 2 G
Minimum Split (=) 230 230 230 230 230 230
Total Split (=) 230 230 S20 520 S50 520
Total Split (%) 0.7 % 30.7% 69.3% 69.3% 69.3% 69.23%
hMaximum Green (=) 160 160 450 450 450 4950
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 110 410 110 110 410 110
Fedestrian Callsi#hn u} u] u] u] u] u}
Aot Effet Grean (5) 190 19.0 480 4830 430
Actuated giC Ratio 025 025 064 064 064

wic R atio 019 050 059 063 065
Contral Delay 227 228 30 107 153
Queue Delay 0.0 0.0 0.0 0.0 0.0

Total Drelay 227 228 30 107 153

LOS C C C B B
Approach Delay 228 1.7 153
Approach LOS [ B B

Intersection Summarny

Area Type: Other

Cycle Length: 75

Aoty ated Cyele Length: 75

Offzet: 72 (96%), Referenced to phase 2:NBTL and 6:5BT, Start of Green

Matural Cycle: 7O

Cantral Type: Pretimed

bl aximum wic Ratio: 0.69

Intersection Signal Delay: 14.4 Interzection LOS: B
Intersection Capacity Utilization 59.2% ICU Lewvel of Service B
Analysis Period (min) 15

Splits and Phases:  ¥: Turmn Read & Minor Road

|_T o2 "'} d

R | D ]
J" ak

G [

Quadrant 8047vph part 3 of 3



Lane Group EBL EBR HWBL HNBT HBR SHL SBT SBE SwWwL SWR
Lane Configurations if [ if [

Ideal Flow (vphpl) 1900 4900 1900 48900 4900 1900 4900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 g
Lane Util. Factor 100 400 100 400 100 100 400 400 100 1.00
Frt 0.865 0250

FlIt Frotected

Satd. Flaws (prot) o 611 o 1863 1523 o 18583 n] n] n]
FIt Permitted

Satd. Flow (perm) o 1611 o 1863 14583 o 1853 n] n] n]
Right Turn on Red “fes “res “res

Satd. Flow (RTOR) 387 16

Headway Factor 100 400 400 400 400 100 400 400 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 1961 1248 2485 2181

Travel Time (=) 445 28.4 55.5 8.5
Wolume fwph) u] 25 o 285 15 o 295 u] u] u]
Feak Hour Factor 08z 08 0892 082 0892 082 082 0892 0892 082
FAudj. Flow (eph) u] 27 o 310 16 o 321 u] u] u]
Lane Group Flow fvph) u] 27 o 310 16 o 321 u] u] u]
Turmn Type custom Ferm

Protected Phases 2 5]

Fermitted Phases 4 2

Minimum Split (=) 232.0 23.0 230 22.0

Total Split (=) 00 260 0.0 240 240 oo 240 0.0 0.0 0.0
Total Split (%) 0.0% S20% 0.0% 42.0% 42.0% 0.0% 42.0% 0.0% 00% 0.0%
hMaximum Green (=) 19.0 170 A7 .0 17.0

“rellow Time () 5.0 5.0 5.0 5.0

All-Fed Time (=) 2.0 2.0 2.0 2.0

LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0 41.0 11.0

Fedestrian Callsi#hn u] u] u] u}

Aot Effet Grean (5) 22.0 200 200 200

Actuated giC Ratio 0.44 040 040 0.40

wic R atio 0.03 042 002 0.43

Cantrol Delay 0.0 13.0 53 F.a

Queue Delay 0.0 0.0 0.0 0.0

Total Drelay 0.0 12.0 5.3 7.0

LOS A B A A

Approach Delay 12.6 F.a

Approach LOS B I

Intersection Summarny

Area Type: Other
Cyle Length: S0
Aoty ated Cyele Length: S0

Offzet: 42 (95%), Referenced to phase 2:NBT and G:5BT, Start of Green

Matural Cycle: S50
Cantral Type: Pretimed
bl aximum wic Ratio: 0.43

Intersection Signal Delay: 9.4
Intersection Capacity Utilization 28.0%

Analysis Period (min) 15

Intersection LOS: A

Splits and Phases:  9: 5B on-ramp & NB o EB

ICU Lewvel of Service A
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations if [ [ if
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 400 4100 4100 400 100 400 100 q00 100 .00 1.00
Frt 0865 0250
FlIt Frotected

Satd. Flaws (prot) u] 1] 1] 1] o 611 o 1863 n] o 1863 1583
FIt Permitted

Satd. Flow (perm) u] 1] 1] 1] o 611 o 1863 n] o 1863 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 387 16
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 17ED 1905 2215 12
Travel Time (=) 0.0 423.3 50.3 ¥
Wolume fwph) u] u] u] u] u] 25 o 285 u] o 285 15
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] u] u] u] 27 o 321 u] o 310 16
Lane Group Flow fvph) u] ] ] ] ] 27 o 321 u] o 30 16
Turmn Type custom Ferm
Protected Phases 2 5]
Fermitted Phases g G
Minimum Split (=) 23.0 23.0 220 230
Total Split (=) 0.0 0.0 0.0 0.0 oo 260 oo 240 0.0 oo 240 240
Total Split (%) 0.0% 00% 0.0% 0.0% 0.0%520% 0.0% 48.0% 0.0% 0.0%42.0% $2.0%
hMaximum Green (=) 19.0 17.0 170 A7.0
“rellow Time () 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 11.0 11.0 110 11.0
Fedestrian Callsi#hn u} u} u} u]
Aot Effet Grean (5) 22.0 200 200 200
Actuated giC Ratio 0.44 0.40 040 040
wic R atio 0.03 0.43 0.4z 002
Cantrol Delay 0.0 236 13.0 5.3
Queue Delay 0.0 0.0 0.0 0.0
Total Drelay 0.0 2.5 12.0 5.3
LOS ) A B A
Approach Delay 3.6 126
Approach LOS A B

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2:MBT and 6:5BT, Stat of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratio: 0.43

Intersection Signal Delay: 7.8 Intersection LOS: A
Intersection Capacity Utilization 28.0% ICU Lewvel of Service A
Analysis Period (min) 15

Splits and Phases:  16: NB an-ramp & Minor Road
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Lane Group NEL MBT SHL SBT HEL SwilL
Lane Configurations L] [ L [ L] L]
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 15 15 15
Lane Util. Factor 1.00 400 4100 100 100 1.00
Frt

FlIt Frotected 0.950 0.950 0950 0.950
Satd. Flaws (prot) 1770 1863 A7FF0 1863 17Y7F0 AT770
FlIt Fermitted 0.528 0.528 0.950 0.950
Satd. Flow (perm) 984 12863 984 1863 17F0 A¥YO0
Right Turn on Red

Satd. Flow (RTOR)

Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) 30 30

Link Dristance (ff) 2486 2215

Travel Time (=) 55.5 50.3

Wolume fwph) 15 270 18 270 25 25
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) 16 283 16 283 27 27
Lane Group Flow fwph) 16 283 16 283 27 27
Turmn Type Ferm Ferm customeustom
Protected Phases 2 G

Fermitted Phases 2 G 4 g
Minimum Split (=) 230 230 230 230 230 230
Total Split (=) 240 240 240 240 260 250
Total Split (%) G2.0% S2.0% 42.0% 45.0% SZ.0% 52.0%
hMaximum Green (=) 170 470 1¥yo AF¥0 190 1900
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 110 410 110 110 410 110
Fedestrian Callsi#hn u} u] u] u] u] u}
Aot Effet Grean (5) 200 200 Z0O 200 2RO OZZO0
Actuated giC Ratio 040 040 040 040 044 049
wic R atio o004 033 004 039 003 003
Cantrol Delay 27 4.0 0.2 1.6 822 822
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Drelay 27 4.0 0.3 1.6 2.2 22
LOS A A A A A )
Approach Delay 3.4 1.6

Approach LOS A A

Intersection Summarny

Area Type: Other
Cyle Length: S0
Aoty ated Cyele Length: S0

Offzet: 0 (0%, Referenced to phase 2:MBTL and 6:5BTL, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratie: 0.29
Intersection Signal Delay: 2.2

Intersection Capacity Utilization 24.2%

Analysis Period (min) 15

Intersection LOS: A
ICU Lewvel of Service A

Splits and Phases: 17 Minor Boad & MB to WMB

T ol o4
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Lane Group EBL EBR HWBL HNBT HBR SHL SBT SBE SwWwL SWR
Lane Configurations if [ if [
Ideal Flow (vphpl) 1900 4900 1900 48900 4900 1900 4900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 g
Lane Util. Factor 100 400 100 400 100 100 400 400 100 1.00
Frt 0.865 0250
FlIt Frotected
Satd. Flaws (prot) o 611 o 1863 1523 o 18583 n] n] n]
FIt Permitted
Satd. Flow (perm) o 1611 o 1863 14583 o 1853 n] n] n]
Right Turn on Red “fes “res “res
Satd. Flow (RTOR) &0 T
Headway Factor 100 400 400 400 400 100 400 400 400 1.00
Link Speed (mph) 30 30 30 30
Link Dristance (ff) 1961 1248 2485 2181
Travel Time (=) 445 28.4 55.5 8.5
Wolume fwph) o 425 0 434 Fis] o 1484 u] u] u]
Feak Hour Factor 08z 08 0892 082 0892 082 082 0892 0892 082
FAudj. Flow (eph) o 136 0 15539 82 o 1613 u] u] u]
Lane Group Flow fvph) o 136 0 1558 82 o 16413 u] u] u]
Turmn Type custom Ferm
Protected Phases 2 5]
Fermitted Phases 4 2
Minimum Split (=) 232.0 23.0 230 22.0
Total Split (=) oo 3o 0.0 1270 1270 0.0 1270 0.0 0.0 0.0
Total Split (%) 0.0% 15.3% 0.0%84.7% 23.7% 0.0% 24.7% 0.0% 00% 0.0%
hMaximum Green (=) 16.0 120.0 4200 120.0
“rellow Time () 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0
LeadfLag
Lead-Lag Optimize™
alk Time (=) 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 11.0 11.0 41.0 11.0
Fedestrian Callsi#hn u] u] u] u}
Aot Effet Grean (5) 19.0 1230 1230 123.0
Actuated giC Ratio 013 gz 082 0.g2
wic R atio 0.50 1.02 006 1.06
Cantrol Delay 3249 428 o 527
Queue Delay 0.0 0.0 0.0 0.0
Total Drelay 2248 428 o.r 527
LOS C o] A [
Approach Delay 407 527
Approach LOS [ L
Intersection Summany
Area Type: Other
Cyle Length: 150
Aoty ated Cyele Length: 150
Offzet: 94 (53 %), Referenced to phase 2:NBT and G:5BT, Start of Green
Matural Cyele: 150
Contral Type: Pretimed
b aximum wc Ratio: 1.06
Intersection Signal Delay: 46.1 Interzection LOS: D
Intersection Capacity Utilization 92.5% ICU Lewvel of Service F
Analysis Periaod (min) 15
Splits and Phases:  9: MinorRoad &
T o od
IELE FEES
J" afi
107 +

SPUI 8047vph part 1 of 3

134



135

Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations if [ [ if
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 100 400 4100 4100 400 100 400 100 q00 100 .00 1.00
Frt 0865 0250
FlIt Frotected

Satd. Flaws (prot) u] 1] 1] 1] o 611 o 1863 n] o 1863 1583
FIt Permitted

Satd. Flow (perm) u] 1] 1] 1] o 611 o 1863 n] o 1863 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 80 Ir
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 17ED 1905 2215 12
Travel Time (=) 0.0 423.3 50.3 ¥
Wolume fwph) u] u] u] u] o 125 0 1484 u] 0 1434 Fis]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] u] u] o 136 o 1613 u] o 1559 B2
Lane Group Flow fvph) u] ] ] ] o 136 o 1613 u] o 1559 g2
Turmn Type custom Ferm
Protected Phases 2 5]
Fermitted Phases g G
Minimum Split (=) 23.0 23.0 220 230
Total Split (=) 0.0 0.0 0.0 0.0 oo 230 o0 1z2F.0 0.0 00 1270 1z27.0
Total Split (%) 0.0% 00% 0.0% 0.0% 0.0%153% 0.0% 847% 0.0% 0.0%347% 24.7%
hMaximum Green (=) 16.0 120.0 1200 41200
“rellow Time () 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 11.0 11.0 110 11.0
Fedestrian Callsi#hn u} u} u} u]
Aot Effet Grean (5) 19.0 123.0 12230 123.0
Actuated giC Ratio 01z 0.a8z2 0.ez2 082
wic R atio 0.50 106 1.02  0.06
Cantrol Delay 324 51.2 428 o.7
Queue Delay 0.0 0.0 0.0 0.0
Total Drelay 3248 51.2 42 8 o.r
LOS C 8] [ A
Approach Delay 51.2 0.7
Approach LOS L L

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 100 (67 %), Referenced to phase Z:NBT and 6:5BT, Start of Green

Matural Cycle: 150

Cantral Type: Pretimed

bl aximum wic Ratio: 1.06

Intersection Signal Delay: 45.4 Interzection LOS: D
Intersection Capacity Utilization 92.5% ICU Lewvel of Service F
Analysis Period (min) 15

Splits and Phases:  16: Minor Boad &

t
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Lane Group MBL HMWBT SHL SBT HNEL SwlL
Lane Configurations L] [ L [ L] L]
Ideal Flow (wphpl) 1900 1900 1900 4900 1900 1900
Total Last Time (=) 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 15 15 15
Lane LHil. Factor 100 400 41040 100 400 1.00
Frt

FlIt Protected 0.850 0.850 0950 0.950
Satd. Flowu (prot) 1770 1863 AFF0 4863 17F0 770
Flt Fermitted 0.033 0.023 0.850 0950
Satd. Flowu(perm) 51 1863 51 1863 4770 17F0

Right Turn on Red
Satd. Flawm (RTOR)

Headway Factor 100 400 400 4100 400 1.00
Link Speed imph) 30 30

Link Dristance (ff) 2486 2215

Travel Time (=) 55.5 50.3

Wolume fwph) 75 1358 Ta 1358 125 125
Feak Hour Factor 082 082 0892 0892 0582 082
FAudj. Flow (eph) B2 1T B2 14T 136 136
Lane Group Flow fwph) 82 1477 82 14T 136 136
Turmn Type Ferm Ferm customeustom
Protected Phases 2 G

Fermitted Phases 2 G 4 g
Minimum Split (=) 230 230 230 230 230 230
Total Split (=) 127.0 127.0 1270 1270 230 230
Total Split (%) BAT% 84T 247 %W BAT% 153 % 15.3%
Maximum Green () 12000 1200 1200 41200 160 160
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 110 410 110 110 410 110
Fedestrian Callsi#hn u} u] u] u] u] u}

Act Effet Green (=) 1230 1230 1230 1230 190 190
Actuated g/C Ratio 022 082 0822 082 0412 0412

wic R atio 164 087 164 0897 061 061
Contral Delay 228 46 3128 45 F44 T44
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Drelay 228 G6 3128 45 F44 T44
LOS F A F A E E
Approach Delay 2049 20.8

Approach LOS C C

Intersection Summarny

Area Type: Other

Cyle Length: 150

Aoty ated Cyele Length: 150

Offzet: 0 (0%, Referenced to phase 2:MBTL and 6:5BTL, Start of Green

Matural Cycle: 150

Cantral Type: Pretimed

bl aximum wic Ratie: 1.64

Intersection Signal Delay: 25.1 Interzection LOS: C
Intersection Capacity Utilization 24.7 % ICU Lewvel of Service E
Analysis Period (min) 15

Splits and Phases: 47 Minor Boad &

T o2 od
B | B |
J" ak as
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations L] [ L] +4 +4 i
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 1.00 400 400 o087 100 100 400 085 400 100 085 1.00
Frt 0850 0250
FlIt Frotected 0.950 0850

Satd. Flaws (prot) u] 1] 0 34933 0 1883 1770 32539 n] 0O 3539 1583
FlIt Fermitted 0850 0.5653

Satd. Flow (perm) u] 1] 0 3433 0 1583 1049 3539 n] 0 3539 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 27 16
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) A5G 4918 100 2100

Travel Time (5) 105.6 111.8 2.3 477
Wolume fwph) u] u] u] 25 u] 25 15 295 u] o 285 15
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] u] 27 u] 27 16 321 u] o 310 16
Lane Group Flow fvph) u] ] ] 27 ] 27 16 321 u] o 30 16
Turmn Type custom custom Perm Ferm
Protected Phases 2 5]
Fermitted Phases g g 2 G
Minimum Split (=) 23.0 230 230 230 220 230
Total Split (=) 0.0 0.0 0.0 260 oo 250 240 240 0.0 oo 240 240
Total Split (%) 0.0% 00% 0.0%52.0% 0.0%52.0% 42.0% 42.0% 0.0% 0.0% 42.0% $2.0%
hMaximum Green (=) 19.0 19.0 170 A4ArFaQo 170 A7.0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 11.0 110 110 410 110 11.0
Fedestrian Callsi#hn u] u} u} u} u} u]
Aot Effet Grean (5) 22.0 220 200 200 200 200
Actuated giC Ratio 0.44 044 040 040 040 040
wic R atio 0.0z 004 004 023 022 002
Contral Delay 2.0 4.0 248 2.0 10.4 5.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Drelay 2.0 4.0 248 2.0 10.4 5.3
LOS A ) A A B A
Approach Delay 2.0 10.2
Approach LOS A B
Intersection Summany

Area Type: Other

Cyle Length: S0
Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2:MBTL and 6:5BT, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratio: 0.23
Intersection Signal Delay: 6.5

Intersection Capacity Utilization 26.9%

Analysis Period (min) 15

Splits and Phazes:

Intersection LOS: A

Z: Minor Road &

ICU Lewvel of Service A

t .
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations Lk [ +4 [ K +4

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 40 40 40 40 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor o8y 400 400 4100 400 4100 400 085 400 100 085 1.00
Frt 0850 0850

FlIt Frotected 0.950 0.950

Satd. Flaws (prot) 3433 o 1583 1] 1] o 0 2538 15832 1770 3539 o
FlIt Fermitted 0950 0.563

Satd. Flow (perm) 3433 o 1583 1] 1] o 0 35389 1583 1048 32539 o
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 27 16

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 4F15 S036 2162 100
Travel Time (5) 107.2 114.5 49,1 2.3
Wolume fwph) 25 u] 25 u] u] o o 285 15 15 285 u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) 27 u] 27 u] u] o o 310 16 16 321 u]
Lane Group Flow fwphl 27 ] 27 ] ] o o 340 16 16 324 o
Turmn Type custom custom Ferm FPermn

Protected Phases 2 5]
Fermitted Phases ) 4 2 5]

Minimum Split (=) 220 23.0 230 230 230 230

Total Split (=) 26.0 0o 2E.0 0.0 0.0 0.0 oo 240 240 240 240 0.0
Total Split (%) 52.0% 00% 52.0% 0.0% 0.0% 00% 0.0% G42.0% 9428.0% 42.0% 48.0%  0.0%
hMaximum Green (=) 19.0 19.0 170 170 AFO AT .O0
rallow Time (=) 5.0 5.0 50 50 50 50
All-Fed Time (=) 2.0 2.0 20 20 20 20
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 50 50 50 50

Flash Drant Wialk (=) 11.0 11.0 110 110 1410 140
Fedestrian Callsi#hn u} u] u} u} u} u}

Aot Effet Grean (5) 220 22.0 200 200 200 ZOoo
Actuated giC Ratio 0.44 0.44 040 040 040 040

wic R atio 0.0z 0.04 022 00z o004 023
Contral Delay 2.0 4.0 104 &3 28 30
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0

Total Drelay 2.0 4.0 104 53 28 320

LOS A A B A A A
Approach Delay 10.2 3.0
Approach LOS B A

Intersection Summarny

Area Type: Other

Cyle Length: S0

Aoty ated Cyele Length: S0

Offzet: 0 (0%}, Referenced to phase 2:MBT and G:5BTL, Start of Green

Matural Cycle: S50

Cantral Type: Pretimed

bl aximum wic Ratio: 0.23

Intersection Signal Delay: 6.5 Intersection LOS: A
Intersection Capacity Utilization 26.9% ICU Lewvel of Service A
Analysis Period (min) 15

Splits and Phases:  10: Minor Boad &
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations L] [ L] +4 +4 i
Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor 1.00 400 400 o087 100 100 400 085 400 100 085 1.00
Frt 0850 0250
FlIt Frotected 0.950 0850

Satd. Flaws (prot) u] 1] 0 34933 0 1883 1770 32539 n] 0O 3539 1583
FlIt Fermitted 0850 0106

Satd. Flow (perm) u] 1] 0 3433 0o 1583 1897 3539 n] 0 3539 1583
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 41 52
Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) A5G 4918 2260 2100

Travel Time (5) 105.6 111.8 51.1 477
Wolume fwph) u] u] 0 26 o 125 5 1485 u] 0 1434 Fis]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) u] u] o 137 o 136 82 1614 u] o 1559 B2
Lane Group Flow fvph) u] ] o 37 o 136 82 1614 u] o 1559 g2
Turmn Type custom custom Perm Ferm
Protected Phases 2 5]
Fermitted Phases g g 2 G
Minimum Split (=) 23.0 230 230 230 220 230
Total Split (=) 0.0 0.0 0.0 230 oo 230 S70 570 0.0 oo 5§70 570
Total Split (%) 0.0% 00% 0.0%28.8% 0.0%288% 71.3% 71.3% 00% 0.0%713% 71.2%
hMaximum Green (=) 16.0 16.0 500 &S00 0.0 S0.0
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
Flash Drant Wialk (=) 11.0 110 110 410 110 11.0
Fedestrian Callsi#hn u] u} u} u} u} u]
Aot Effet Grean (5) 19.0 19.0 530 &30 530 530
Actuated giC Ratio 024 024 066 065 0.66 066
wic R atio o7 033 063 069 065 0038
Contral Delay 249 2032 270 5.5 2.9 1.4
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0
Total Drelay 249 2032 270 5.5 2.9 1.4
LOS C C C A A A
Approach Delay =] a5
Approach LOS A A

Intersection Summarny

Area Type: Other

Cycle Length: 20

Aoty ated Cyele Length: 20

Offzet: 34 (423%), Referenced to phase 2:NBTL and G:5BT, Start of Green

Matural Cycle: 75

Cantral Type: Pretimed

bl aximum wic Ratio: 0.69

Intersection Signal Delay: 9.6 Intersection LOS: A
Intersection Capacity Utilization 51.2% ICU Lewvel of Service B
Analysis Period (min) 15

Splits and Phases:  8: MinorRoad &

1.
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations Lk [ +4 [ K +4

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 a 15 a 15 g 15 a
Lane Util. Factor o8y 400 400 4100 400 4100 400 085 400 100 085 1.00
Frt 0850 0850

FlIt Frotected 0.950 0.950

Satd. Flaws (prot) 3433 o 1583 1] 1] o 0 2538 15832 1770 3539 o
FlIt Fermitted 0950 0105

Satd. Flow (perm) 3433 o 1583 1] 1] o 0 3538 1583 197 32539 o
Right Turn on Red “fes ‘res “res “tes
Satd. Flow (RTOR) 4 g2

Headway Factor 100 400 400 400 400 4100 400 400 400 4100 400 1.00
Link Speed (mph) 30 30 30 30

Link Dristance (ff) 4F15 S036 2162 2280
Travel Time (5) 107.2 114.5 49,1 511
Wolume fwph) 126 o 125 u] u] o 0 1434 75 75 1485 u]
Feak Hour Factor 082 082 0892 0892 0592 082 082 0892 0892 0582 082 082
FAudj. Flow (eph) 137 o 136 u] u] o 0o 1559 82 B2 1614 u]
Lane Group Flow fwphl 137 o 136 ] ] o 0o 1553 82 B2 1614 o
Turmn Type custom custom Ferm FPermn

Protected Phases 2 5]
Fermitted Phases ) 4 2 5]

Minimum Split (=) 220 23.0 230 230 230 230

Total Split (=) 230 oo 230 0.0 0.0 0.0 oo 5F0 S70 570 570 0.0
Total Split (%) ZEE% 00% ZEE%W 0.0% 00% 00% 00% 71.3% 7F1.3% T1.23% 71.3% 0.0%
hMaximum Green (=) 6.0 16.0 500 &S00 500 500
rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0
LeadfLag

Lead-Lag Optimize™

alk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 11.0 11.0 110 110 1410 140
Fedestrian Callsi#hn u} u] u} u} u} u}

Aot Effet Grean (5) 19.0 19.0 530 S3.0 530 530
Actuated giC Ratio 0.24 0.24 0658 065 08585 066

wic R atio 0.7 0.33 065 008 0683 0.69
Contral Delay 2449 20.3 849 1.4 250 4.3
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0

Total Drelay 2449 20.3 849 1.4 250 4.3

LOS C C A A C A
Approach Delay a5 53
Approach LOS A A

Intersection Summarny

Area Type: Other

Cycle Length: 20

Aoty ated Cyele Length: 20

Offzet: 0 (0%}, Referenced to phase 2:MBT and G:5BTL, Start of Green

Matural Cycle: 75

Cantral Type: Pretimed

bl aximum wic Fatio: 0.569

Intersection Signal Delay: 3.5 Intersection LOS: &
Intersection Capacity Utilization G1.2% ICU Level of Senice B
Analysis Period (min) 15

Splits and Phases:  10: Minor Bead &
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APPENDIX D — SUITABLE INTERSECTION DRAWINGS
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BP
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NC Hwy 152 & Old Concord Road
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US Hwy 158 & US Hwy 258
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APPENDIX E -SYNCHRO OUTPUT FILES FOR SUITABLE INTERSECTIONS

Lane Group EBL EBT EBR WBL 'WvyBT WEBR HWBL HBT HWBRE SBL SBT SHE
Lane Configurations L +4 [ L] 4 [ & o

Ideal Flow (wphpl) 1900 4900 4200 42900 4900 4900 4900 4900 4900 48900 4900 1900
Lane wridth ) 12 13 14 12 13 14 12 a 12 12 o] 12
Storage Length () G0 210 {=10] 210 1] 1] n] n]
Storage Lanes 1 1 1 1 u] u] u} u}
Total Lost Time (5) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Turning Speed (mph) 15 =] 15 a 15 a 15 =]
Lane Litil. Factor 1.00 025 400 400 085 400 400 400 400 400 4.00 4.00
Frt 0.250 0250 0.993 0093

Flt Protectad 0850 0850 0.99:3 0.99s8

Satd. Flow (prot) 1770 2657 1689 1770 3657 1689 0 1661 u] 0 G661 u]
Flt Farmittad 0489 04399 0.a73 0.arys

Satd. Flow (perm) 930 3657 1639 930 3657 1689 0 1Gz0 o] 0o 1620 u]
Right Turn on Red es s fes fas
Satd. Flow (RTOR) 27 27 G G
Headiway Factor 1.00 085 082 100 086 082 4100 4144 400 4100 144 1.00
Link Spead (mph) G5 55 =0 30

Link Distance (f) 25449 2485 1641 1943
Travel Time (=) 31.6 30.8 373 4443
Wolume (wph) 25 400 25 25 400 25 15 270 15 15 270 15
Feaak Hour F actor 082 0892 082 0592 082 0592 082 082 082 0892 0892 082
Audj. Flow fwph) 27 435 27 27 4325 27 16 283 16 16 293 16
Lane Group Flow fwph) 27 435 27 27 435 27 o 325 u] 0O 325 u]
Tum Type Fearm Ferm Ferm Ferm Perm Ferm

Frotected Phases 4 2 2 =]
Fermitted Phases B 4 =] =] 2 =1

Minimum Split () 230 230 230 230 230 230 230 230 230 230

Total Split(s) 260 26.0 260 260 260 260 240 240 oo 240 240 oo
Total Split(%) 52.0% 52.0% 52.0% 52.0% 5Z2.0% S2.0% 42.0% S42.0% 0.0% 42.0% 423.0% 0.0%
M aximum Green (=) 19.0 18.0 4890 180 4190 4190 470 170 170 170
“rallom Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (=) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
LeadiLag

Lead-Lag Optimize?

ralk Time (5) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Flash Dont Walk (=) 110 410 110 410 110 110 410 110 1.0 110
Feadastrian Calls (#hn u] u] u] u] u] u] u] u] u] u]

Aot Effot Green (=) 210 =210 210 210 210 210 19.0 19.0
Aoctuated gfC Ratio 042 042 042 042 042 042 023 0.23

wic Ratio 007 028 004 007 028 004 0.53 0.53
Control Delay 9.4 0.2 4.3 2.4 102 4.3 156 156
Queue Delay 0.0 0.0 oo 0.0 oo 0.0 0.0 (]

Total Delay 9.4 0.2 4.3 9.4 102 4.3 156G 156

LOS A B A A B A B B
Approach Delay 9.3 == 166 156
Approach LOS A A B B

Intersection Summany
Area Type: Other

Cycle Length: S50

Actuated Cycle Length: S0

Offset: O (0%, Referenced to phase 2:NBTL and 6:5BTL, Start of Green
Matural Cyele: 50

Contral Type: Pretimed

Maximum wec Ratio: 0.53

Intersection Signal Delay: 12.1 Intersection LOS: B
Intersection Capacity Utilization 49.3% ICU Lewvel of Service A
Analysis Period (min) 15

Splits and Phases:  3: NC-280 & Forge Mountain Rd

T od od
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NC Hwy 280 & Forge Mountain Road 1600vph
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Lane Group EBL EBT EBRE WEL WBT 'WwWBRE HWBL HMNBT HWBE SHL SBT $SHR
Lane Configurations L 4 [ L] +4 [ & &

Ideal Flow fwphpl) 18900 4900 48900 4900 4900 4900 4900 4900 4900 4900 4900 4900
Lane Width ft) 12 13 194 12 13 14 12 g 12 12 o] 12
Storage Length (ff) &0 210 G0 210 u] u] u] u]
Storage Lanes 1 1 1 1 u} u} u} u}
Total Lost Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Turning Speed (mph) 15 g 15 g 15 =l 15 =l
Lane LMil. Factor 100 085 100 400 085 100 400 100 400 100 1.00 4.00
Frt 0250 0.250 0.993 0993

Flit Protectad 0.950 0.950 [ER=l=F) [UR=1=F}

Satd. Flowe (prot) 1770 3657 1689 1770 3657 1689 0 660 u] o GGE0 u]
Flit Permittad 0.095 0.09:5 0.910 0.910

Satd. Flowe(perm) 177 365 1688 17y 3657 1689 0o 1515 u] o 1515 u]
Fight Turn on Fed “fes “fes “fes ‘res
Satd. Flowe (RTOR) 52 a2 ) 4
Headway Factar 100 085 0892 100 086 0592 4100 144 100 100 144 100
Link Speed (mph) a5 55 20 a0

Link Distance [ft) 2549 2485 151 1948
Travel Time (5) e M= 20.8 JERC 443
Waolume (wph) 71 1278 o 71 1278 o 43 TET 42 43 TaET g2
Feak Hour Factar o8z 082 0892 092 082 0582 082 0892 0592 082 082 0892
Adj. Flow fwph) TT 1388 Ei=} TT 1388 =] 47 8349 45 4F 834 45
Lane Group Flow (wphly 77 1389 TG 771388 =] o azF u] o az7 u]
Tumn Type Ferm Ferm Ferm Ferm Perm Ferm

Frotected Phases < = 2 =]
Fermitted Phases 4 4 g g 2 5]

Minimum Split () 230 230 230 230 230 230 230 230 230 230

Tatal Split(s) 450 o0 o G470 470 470 G630 630 00 630 63.0 0.0
Total Split (%) A2 T A2 T A2 T A2 TW G2 T 2T ST.3% 5T.3% 0.0% STIW STIW 0.0%
Maximum Green () 400 400 400 400 400 400 S50 550 55.0 66.0
“rellow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (5) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
LeadflLag

Lead-Lag Optimize?

Walk Time (5) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Flash Dantiralk () Mo 410 110 410 440 4410 410 110 1.0 11.0
Fedestrian Calls (#/hn o] u] u) ul u] o] u] u] u] o]

Aot Effet Green (5) 420 420 420 420 420 420 52.0 58.0
Actuated gfC Ratio 028 038 038 033 038 038 0532 0.53

wic Fatia 143 089 041 1.42 0889 0.11 1.16 1.16
Control Delay 1858 &74 a9y 1859 574 497 111.2 111.2
Queue Dealay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 1858 &74 a9y 1859 574 497 111.2 111.2

LOs F E A F E A F F
Approach Delay 51.4 51.4 111.2 111.2
Approach LOS E E F F

Intersection Summany
Area Type: Other

Cyele Length: 140

Actuated Cycle Length: 110

Offzat: O (0%, Referenced to phase Z:NBTL and 6:5BTL, Start of Green
Matural Cyele: 110

Contral Type: Pretimed

M aximum wc Ratio: 1.16

Intersection Signal Delay: 0.1 Intersection LOS: F
Intersection Capacity Utilization 111.1% ICU Lewvel of Service H
Analysis Period (min) 15

Splits and Phases:  3: NC-280 & Forge Mountain Rd

T ol =t
B3z ] 47z |
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations LKL [ LK &) [ L] h L] t

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Lane wiidth (ff) 11 12 16 11 11 11 13 13 12 16 11 12
Storage Length () 200 200 20 80 220 u] 20 o
Storage Lanes 1 1 1 1 1 u} 1 u]
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 g 15 g 15 g 15 g
Lane Util. Factor 1.00 085 400 4100 085 4100 400 400 400 4100 400 1.00
Frt 0.850 0.850 0992 0992

Flt Frotected 0950 0850 0.850 0950

Satd. Flow (prot) 1711 3539 1794 1711 3421 1531 1829 1909 0 2008 1786 u]
Flt Fermitted 0487 0497 0.509 0508

Satd. Flow (perm) 8095 3539 1794 895 3421 1531 930 1909 0O 1475 1TEG u]
Right Turn an Red “fes ‘res ‘ez “fes
Satd. Flaw (RTOR) 27 27 T 7
Headway Factor 1.04 400 025 104 104 104 085 095 400 025 104 1.00
Link Speed (mph) 55 55 30 20

Link Distance (ft) 1321 1336 484 Fjals]

Travel Time (=) 6.5 16.5 11.0 17.2
Wolume fwph) 25 400 25 25 400 25 15 270 15 15 270 15
Feak Hour Factor 082 08z 0892 0892 082 0892 082 0892 0892 082 082 082
Adj. Flow twph) 27 435 27 27 435 27 16 283 16 16 283 16
Lane Group Flow fwph) 27 435 27 27 435 27 16 3089 u] 16 309 u]
Turmn Type Ferm Ferm Ferm Ferm Ferm Ferm

Frotected Phazes 4 g 2 ]
Farmitted Phases ) 4 2 g 2 5]

Minimum Split (5) 230 230 230 230 230 230 230 230 230 230

Total Split (=) 260 260 260 260 260 250 240 2490 oo 240 240 0.0
Total Split (%) S2.0% 52.0% 52.0% 52.0% SZ.0% 52.0% 42.0% 43.0% 0.0% J42.0% 42.0% 0.0%
Maximum Green [5) 190 49.0 19.0 18.0 130 190 A¥0O 170 170 470
“rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (5) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
LeadiLag

Lead-Lag Optimize™

nralk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Flash Crant Wialk (=) 110 4410 410 440 410 1410 440 410 110 440
Fadestrian Calls (#/hr u] u] u] u] u] o u] u] u] u]

Aot Effot Green (5) 220 220 2RO 220 2E0 220 200 200 200 200
Actuated g/C Ratio 044 044 044 044 044 044 040 040 040  0.40

wic Ratio ooy 028 003 007 029 004 004 040 0.04 0493
Control Drelay 8.8 9.6 4.0 2.8 ar 4.0 a5 124 9.5 130
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 8.8 9.6 4.0 2.8 ar 4.0 a5 124 9.5 130

LOsS A A A A A A A B A B
Approach Delay 9.z 9.3 12.3 12.8
Approach LOS A A B B

Intersection Summarny

Area Type: Other

Cyecle Length: 50

Actuated Cycle Length: 50

Offset: O (0%, Referenced to phase 2:MBTL and 6:5BTL, Star of Green
Matural Cyele: 50

Contral Type: Pretimed

haximum wc Ratio: 0.43

Interzection Signal Delay: 10.6
Intersection Capacity Utilization 42.0%
Analysis Period {min) 15

Intersection LOS: B
ICU Lewvel of Service A

Splits and Phases:  3: U5 19-74120 & SR 1436

T ol o4
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US Hwy 19-74-129 & Locust Street 1600vph
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations LKL [ LK &) [ L] h L] t

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Lane wiidth (ff) 11 12 16 11 11 11 13 13 12 16 11 12
Storage Length () 200 200 20 80 220 u] 20 o
Storage Lanes 1 1 1 1 1 u} 1 u]
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 g 15 g 15 g 15 g
Lane Util. Factor 1.00 085 400 4100 085 4100 400 400 400 4100 400 1.00
Frt 0.850 0.850 0992 0992

Flt Frotected 0950 0850 0.850 0950

Satd. Flow (prot) 1711 3539 1794 1711 3421 1531 1829 1909 0 2008 1786 u]
Flt Fermitted 0.057 0.057 0.0s7 0057

Satd. Flow (perm) 157 3539 1794 457 3421 153 167 1909 o 134 1TES u]
Right Turn an Red “fes ‘res ‘ez “fes
Satd. Flaw (RTOR) 53 30 ) L)
Headway Factor 1.04 400 025 104 104 104 085 095 400 025 104 1.00
Link Speed (mph) 55 55 30 20

Link Distance (ft) 1321 1336 484 Fjals]
Travel Time (=) 6.5 16.5 11.0 17.2
Wolume fwph) 78 14905 7 78 1405 7e 4 844 A5 47 844 45
Feak Hour Factor 082 08z 0892 0892 082 0892 082 0892 0892 082 082 082
Adj. Flow twph) 85 1527 25 85 1527 85 51 917 a0 51 917 50
Lane Group Flow fwph) 85 1527 85 85 1527 85 51 9G7 u] 51 987 u]
Turmn Type Ferm Ferm Ferm Ferm Ferm Ferm

Frotected Phazes 4 g 2 ]
Farmitted Phases ) 4 2 g 2 5]

Minimum Split (5) 230 230 230 230 230 230 230 230 230 230

Total Split (=) 00 500 500 500 500 S00 500 S00 00 500 500 0.0
Total Split (%) S0.0% S0.0% 50.0% 50.0% S0.0% 50.0% 50.0% S50.0% 0.0% 50.0% S0.0% 0.0%
faximum Green () 430 430 430 430 430 g30 430 430 43.0 430
“rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (5) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
LeadiLag

Lead-Lag Optimize™

nralk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Flash Crant Wialk (=) 110 4410 410 440 410 1410 440 410 110 440
Fadestrian Calls (#/hr u] u] u] u] u] o u] u] u] u]

Aot Effot Green (5) 450 460 460 450 460 450 450 450 45.0  45.0
Actuated g/C Ratio 045 046 046 045 046 045 0456 045 045 046

wic Ratio 118 084 040 148 087 0412 066 4.10 0.0 147
Control Drelay 1940 382 6.2 1940 438 110 G651 B87 540 118.1
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 1940 382 6.2 1940 438 110 G651 B87 540 118.1

LOsS F (1] A F (1] B E F 8] F
Approach Delay 44.4 48.7 a7 .5 114.9
Approach LOS & & F F

Intersection Summarny

Area Type: Other

Cyle Length: 100
Actuated Cycle Length: 100

Offset: O (0%, Referenced to phase 2:NBTL and 6:5BTL, Start of Green

Matural Cyele: 100
Contrel Type: Pretimed
Maximum wec Ratio: 1.18

Intersection Signal Delay: 67.3

Intersection Capacity Utilization 101.9%

Analysis Period (min) 15

Intersection LOS: E

ICU Lewvel of Service &

Splits and Phases:  3: US 19-74120 & SR 1436

1.
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US Hwy 19-74-129 & Locust Street 4995vph
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Lane Group EBEL EBT EBR W/BL wWBT WEBR HBHL HWBT HBRE SHBL SBT SBE
Lane Configurations F: 3 & i F: 3

Ideal Flaw twphpl) 1200 1900 41900 4900 1900 1900 1900 41900 1900 1900 4900 12900
Lane wiidth (ft) 12 11 12 12 11 12 12 12 12 12 16 12
Total Lost Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Turning Speed (mph) 15 g 15 9 15 g 15 g
Lane Util. Factor 100 400 400 400 400 400 400 400 400 4100 400 1.00
Frt 0.993 0.993 0.9932 0.993

Flt Protected 0.292 0.292 0.995 0.993

Satd. Flaw (prot) o 17g4 ul o 1784 u] 0 1845 u] o 209z u]
Flt Permitted 0.960 0860 0.971 0.a71

Satd. Flaw (parm) o 177 ul o 1717 u] o 17496 u] 0 2036 u]
Right Turn an Red “fes ‘les ‘ez ‘s
Satd. Flaw (RTOR) 7 7 5 5
Headway Factor 100 404 400 400 104 400 100 400 400 100 085 1.00
Link Speed {mph) 55 55 55 55

Link Distance [ft) 1202 11320 1520 Gog
Travel Time (=) 223 14.0 19.0 Fh
Walume (wph) 25 450 25 25 450 25 15 270 15 15 270 15
Peak Hour Factor 08z 0892 082 082 082 0892 0892 0892 0892 082 092 082
Adj. Flow fwph) 27 484 27 27 484 27 16 293 16 16 283 16
Lane Group Flow fvphl o 543 u] o 543 u} o 325 u} o 325 u]
Tumn Type Ferm Ferm Ferm Ferm

Frotected Phases 4 g 2 5]
FPearmitted Phazes ) 2 2 5]

hinimum Split (=) 230 230 230 230 230 230 230 230

Total Split (=) 320 320 00 320 320 oo 2z0 Z30 oo 230 Z30 0.0
Total Split (%) S8.2% 58.2% 0.0%558.2% 53.2% 00% 41.8% M .8% 00% M.8% HE% 0.0%
Maximum Green (5) 250 250 250 250 160 6.0 16.0 46.0
Yellow Time (5) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Red Time (=) 20 2.0 2.0 20 20 20 20 20
Lead/Lag

Lead-Lag Optimize™

falk Time (s) 50 5.0 5.0 5.0 a0 5.0 5.0 50

Flazh Crant wiralk (=) 110 11.0 110 11.0 110 11.0 11.0 11.0
Fedestrian Calls (#hn u} u] u] u] u} u} u} u}

Aot Effet Green (5) 270 270 18.0 18.0
Actuated 9/C Ratio 0.49 0.49 033 0.33

wic Ratio 064 064 0.55 0.49
Cantrol Delay 14.6 146 19.2 17 6
Queus Delay 0.0 0.0 0. 0.0

Total Delay 14.6 14.6 19.2 176

LOS B B B B
Approach Delay 146 146 19.2 176
Approach LOS B B B B

Intersection Summarny
Area Type: Other
Cycle Length: 55

Aoty ated Cyele Length: 55

Offzet: 0 0%, Referanced to phase 2:MBTL and G:5SBTL, Start of Green
Matural Cycle: 50

Caontrol Type: Pretimed

Ml aximum wic Ratie: 0.64

Intersection Signal Delay: 16.0 Interzection LOS: B
Intersection Capacity Utilization 52.2% ICU Lewvel of Service B
Analysis Period (min) 15

Splits and Phases:  3: NC 152 & Old Concord Rd

T ol od
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Lane Group EBEL EBT EBR W/BL wWBT WEBR HBHL HWBT HBRE SHBL SBT SBE
Lane Configurations F: 3 & i F: 3

Ideal Flaw twphpl) 1200 1900 41900 4900 1900 1900 1900 41900 1900 1900 4900 12900
Lane wiidth (ft) 12 11 12 12 11 12 12 12 12 12 16 12
Total Lost Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Turning Speed (mph) 15 g 15 9 15 g 15 g
Lane Util. Factor 100 400 400 400 400 400 400 400 400 4100 400 1.00
Frt 0.993 0.993 0.9932 0.993

Flt Protected 0.292 0.292 0.997 0.997

Satd. Flaw (prot) o 17g4 ul o 1784 u] o 18443 u] o 2090 u]
Flt Permitted 0916 0916 0.910 0.910

Satd. Flaw (parm) 0 1638 ul o 1638 u] o 1683 u] o 1903 u]
Right Turn an Red “fes ‘les ‘ez ‘s
Satd. Flaw (RTOR) 4 4 3 3
Headway Factor 100 404 400 400 104 400 100 400 400 100 085 1.00
Link Speed {mph) 55 55 55 55

Link Distance [ft) 1202 11320 1520 Gog
Travel Time (=) 223 14.0 19.0 Fh
Walume (wph) 44 748 44 44 748 44 27 478 26 27 479 26
Peak Hour Factor 08z 0892 082 082 082 0892 0892 0892 0892 082 092 082
Adj. Flow fwph) 42 867 42 42 867 42 29 521 28 28 521 28
Lane Group Flow fvphl o 953 u] o 953 u} o 578 u} T ] u]
Tumn Type Ferm Ferm Ferm Ferm

Frotected Phases 4 g 2 5]
FPearmitted Phazes ) 2 2 5]

hinimum Split (=) 230 230 230 230 230 230 230 230

Total Split (=) G20 638.0 00 680 G20 oo 420 420 oo 420 420 0.0
Total Split (%) G1.8% 61.8% 0.0%61.89% G1.8% 00% 33.2% 382% 00% 38.2% 383.2% 00%
Maximum Green (5) 1.0 &1.0 G1.0 6G1.0 350 350 350 350
Yellow Time (5) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Red Time (=) 20 2.0 2.0 20 20 20 20 20
Lead/Lag

Lead-Lag Optimize™

falk Time (s) 50 5.0 5.0 5.0 a0 5.0 5.0 50

Flazh Crant wiralk (=) 110 11.0 110 11.0 110 11.0 11.0 11.0
Fedestrian Calls (#hn u} u] u] u] u} u} u} u}

Aot Effet Green (5) G3.0 G3.0 370 370
Actuated 9/C Ratio 057 0.57 024 0.34

wic Ratio 1.02 1.02 1.02 0.90
Cantrol Delay 50.3 G503 Fa.z 53.1
Queus Delay 0.0 0.0 0. 0.0

Total Delay G0.3 G0.3 79z 53.1

LOS E E E i
Approach Delay G50.3 503 Fa.z 53.1
Approach LOS E E E L

Intersection Summarny

Area Type: Other
Cyele Length: 110

Aoty ated Cyele Length: 1410

Offset: O (0%, Referenced to phase 2:NBTL and 6:5BTL, Start of Green
Matural Cyele: 110

Contrel Type: Pretimed

haximum wc Ratio: 1.02

Intersection Signal Delay: 62.5 Interzection LOS: E
Intersection Capacity Utilization 103.9% ICU Lewvel of Service &
Analysis Period (min) 15

Splits and Phases:  3: NC 152 & Old Concord Rd
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Lane Group EBEL EBT EBR W/BL wWBT WEBR HBHL HWBT HBRE SHBL SBT SBE
Lane Configurations L] t L t L LI

Ideal Flaw twphpl) 1200 1900 41900 4900 1900 1900 1900 41900 1900 1900 4900 12900
Lane wiidth (ft) 12 11 12 12 11 12 13 11 11 12 12 12
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 g 15 9 15 g 15 g
Lane Util. Factor 100 400 400 400 100 400 4100 085 0895 100 0895 085
Frt 0.99z 0.99z2 0.992 0.992

Flt Protected 0.2950 0.950 0.850 0.2950

Satd. Flaw (prot) 1770 1786 o 1770 1786 o 18289 3394 o 1770 3511 u]
Flt Permitted 0.525 0.525 0.421 0.431

Satd. Flaw (parm) ars 1786 0o 978 1786 o 830 3394 o 203 3511 u]
Right Turn an Red “fes ‘les ‘ez ‘s
Satd. Flaw (RTOR) 7 7 13 13
Headway Factor 100 4104 400 400 104 400 095 4104 104 100 100 1.00
Link Speed imph) 45 45 a5 55

Link Distance [ft) 1720 1924 1257 1012
Travel Time (5) 27.0 30.1 156 12.5
Walume (wph) 15 270 15 15 270 15 25 4480 25 25 4580 25
Peak Hour Factor 08z 0892 082 082 082 0892 0892 0892 0892 082 092 082
Adj. Flow fwph) 16 283 16 16 283 16 27 488 27 27 484 27
Lane Group Flow (wph) 16 309 u] 16 309 u] 27 516 u] 27 516 u]
Tumn Type Ferm Ferm Ferm Ferm

Frotected Phases 4 g 2 5]
FPearmitted Phazes ) 2 2 5]

hinimum Split (=) 230 230 230 230 230 230 230 230

Total Split (=) 260 26.0 00 260 260 oo 240 240 oo 240 240 0.0
Total Split (%) 52.0% 52.0% 0.0% 52.0% 52.0% 0.0% 43.0% 45.0% 0.0% 458.0% 423.0% 0.0%
Maximum Green (5) 19.0 19.0 18.0 19.0 170 170 17.0 4170
Yellow Time (5) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Red Time (=) 20 2.0 2.0 20 20 20 20 20
Lead/Lag

Lead-Lag Optimize™

falk Time (s) 50 5.0 5.0 5.0 a0 5.0 5.0 50

Flazh Crant wiralk (=) 110 11.0 110 11.0 110 11.0 11.0 11.0
Fedestrian Calls (#hn u} u] u] u] u} u} u} u}

Aot Effet Green (5) 220 220 220 220 200 200 200 200
Actuated 9/C Ratio 044 044 044 0449 040 040 040 040

wic Ratio 004 039 o004 039 oog 038 o0g 037
Contral Crelay 24 114 24 114 1mz 112 103 112
Queus Delay oo 0.0 0.0 0.0 oo 0.0 0.0 oo

Total Delay 24 114 24 114 102 113 103 11.2

LOS A B A B B B B B
Approach Delay 11.0 11.0 11.2 11.1
Approach LOS B B B B

Intersection Summarny
Area Type: Other
Cycle Length: S0

Aoty ated Cyele Length: S0

Offset: O (0%, Referenced to phase 2:NBTL and 6:5BTL, Start of Green
Matural Cyele: 50

Contrel Type: Pretimed

haximum wc Ratio: 039

Intersection Signal Delay: 11.1 Interzection LOS: B
Intersection Capacity Utilization 42.6% ICU Lewvel of Service A
Analysis Period (min) 15

Splits and Phases:  3: Pilt School Road & NC 29
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Lane Group EBEL EBT EBR W/BL wWBT WEBR HBHL HWBT HBRE SHBL SBT SBE
Lane Configurations L] t L t L LI

Ideal Flaw twphpl) 1200 1900 41900 4900 1900 1900 1900 41900 1900 1900 4900 12900
Lane wiidth (ft) 12 11 12 12 11 12 13 11 11 12 12 12
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 g 15 9 15 g 15 g
Lane Util. Factor 100 400 400 400 100 400 4100 085 0895 100 0895 085
Frt 0.99z 0.99z2 0.992 0.992

Flt Protected 0.2950 0.950 0.850 0.2950

Satd. Flaw (prot) 1770 1786 o 1770 1786 o 18289 3394 o 1770 3511 u]
Flt Permitted 0.087 0.087 0.0=7 0.087

Satd. Flaw (parm) 162 1786 o 162 1786 o 167 3394 o 162 3511 u]
Right Turn an Red “fes ‘les ‘ez ‘s
Satd. Flaw (RTOR) 4 4 7 7
Headway Factor 100 4104 400 400 104 400 095 4104 104 100 100 1.00
Link Speed imph) 45 45 a5 55

Link Distance [ft) 1720 1924 1257 1012
Travel Time (5) 27.0 30.1 156 12.5
Walume (wph) 47 844 46 47 549 A6 72 1405 78 78 1405 Ei]
Peak Hour Factor 08z 0892 082 082 082 0892 0892 0892 0892 082 092 082
Adj. Flow fwph) 51 817 a0 51 917 a0 85 1527 85 85 1527 25
Lane Group Flow (wphl 51 967 u] 41 4967 u] 85 1612 u] 25 1612 u]
Tumn Type Ferm Ferm Ferm Ferm

Frotected Phases 4 g 2 5]
FPearmitted Phazes ) 2 2 5]

hinimum Split (=) 230 230 230 230 230 230 230 230

Total Split (=) 0.0 &S00 00 &S00 500 oo s00 S0.0 0o S00 S0.0 0.0
Total Split (%) 50.0% 50.0% 0.0% 50.0% 50.0% 0.0% 50.0% S0.0% 0.0% 50.0% 50.0% 0.0%
faximum Green (=) 430 43.0 43.0 430 43.0 430 43.0 430
Yellow Time (5) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Red Time (=) 20 2.0 2.0 20 20 20 20 20
Lead/Lag

Lead-Lag Optimize™

falk Time (s) 50 5.0 5.0 5.0 a0 5.0 5.0 50

Flazh Crant wiralk (=) 110 11.0 110 11.0 110 11.0 11.0 11.0
Fedestrian Calls (#hn u} u] u] u] u} u} u} u}

Aot Effet Green (5) 450 45.0 450 460 450 460 45.0 45.0
Actuated 9/C Ratio 046 045 046 045 045 046 046 046

wic Ratio ogg 147 ogg 147 140 1.03 112 1.00
Contral Crelay G236 1181 G26 1181 16589 535 1766 49.0
Queus Delay oo 0.0 0.0 0.0 oo 0.0 0.0 oo

Total Delay G265 11581 G236 1181 1659 535 1766 49.0

LOS E F E F F E F i
Approach Delay 115.6 115 6 53.8 55.4
Approach LOS F F E E

Intersection Summarny

Area Type: Other
Cyele Length: 100
Aoty ated Cyele Length: 100

Offset: O (0%, Referenced to phase 2:NBTL and 6:5BTL, Start of Green

Matural Cyele: 100

Contrel Type: Pretimed
haximum wc Ratio: 1.17
Intersection Signal Delay: 80

]

Intersection Capacity Utilization 104.4%

Analysis Period (min) 15

Intersection LOS: F

ICU Lewvel of Service &

Splits and Phases:  3: Pilt School Road & NC 29

1.

od
Bl = [ Bl = [
J' ak ag
P | i |

US Hwy 29 & Pitt School Road 4995vph
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations L] 4 [ L] (3 & &

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Lane wiidth (ff) 12 12 11 13 13 11 12 =] 12 12 =] 12
Total Lost Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Turning Speed (mph) 15 g 15 9 15 g 15 g
Lane Util. Factor 100 085 400 4100 085 085 400 400 400 400 400 1.00
Frt 0.850 0992 0.99:3 0.99:3

Flt Protected 0950 0850 0998 0993

Satd. Flow (prot) 1770 3539 1531 1829 2628 o o 661 u] o G661 u]
Flt Fermitted 0.458 0474 0873 0.ars

Satd. Flow (perm) 853 3539 1531 912 3628 o 0O G520 u] o AGz0 u]
Right Turn an Red “fes ‘les ‘ez ‘s
Satd. Flaw (RTOR) 27 14 5] 5]
Headway Factor 100 400 104 0886 0585 104 400 144 400 100 144 1.00
Link Speed (mph) 55 55 =0 =20

Link Distance (ff) G228 ooyg 1558 2306
Travel Time (5] T2 1237 35.4 52.4
Wolume fwph) 25 450 25 25 450 25 15 270 15 15 270 15
Feaak Hour Factor 082 08z 0892 0892 082 0892 082 0892 0892 082 082 082
Audj. Flow (twph) 27 4988 27 27 488 27 16 293 16 16 283 16
Lane Group Flow fwph) 27 4989 27 27 516 o 0o 325 u] 0o 325 u]
Tumn Type Ferm Ferm Ferm Ferm Ferm

Frotected Phases 4 g 2 5]
FPearmitted Phazes ) 4 2 2 5]

Minimum Split (5) 230 230 230 230 230 230 230 230 230

Total Split (=) 2560 260 Z6.0 260 260 oo 240 240 oo 240 240 0.0
Total Split (%) S2.0% S2.0% S2.0% 52.0% SZ.0% 0.0% 42.0% 43.0% 0.0% J42.0% 42.0% 0.0%
Maximum Green (5 19.0 19.0 18.0 18.0 130 1ro 7.0 170 470
“rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (5) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lead/Lag

Lead-Lag Optimize™

nralk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 110 110 110 110 110 110 11.0 11.0 11.0
Fadestrian Calls (#/hr u] u] u] u] u] u] u] u] u]

Aot Effet Green (5) 210 210 210 240 210 18.0 19.0
Actuated g/C Ratio 042 042 042 042 042 0.38 0.38

wic Ratio oos 033 004 007 0324 0.532 0.53
Control Delay 9.5 105 4.3 9.4 0.3 15.6 156
Queus Delay 0.0 0.0 0.a 0.a 0.0 0. 0.0

Total Delay 9.5 105 4.3 2.4 103 15.6 156

LOS A B A A B B B
Approach Delay 10.2 10.2 156 15.6
Approach LOS B B B B

Intersection Summarny
Area Type: Other
Cycle Length: S0

Aoty ated Cyele Length: S0

Offset: O (0%, Referenced to phase 2:NBTL and 6:5BTL, Start of Green
Matural Cyele: 50

Contrel Type: Pretimed

haximum wc Ratio: 0.53

Intersection Signal Delay: 12.2 Interzection LOS: B
Intersection Capacity Utilization 49.3% ICU Lewvel of Service A
Analysis Period (min) 15

Splits and Phases:  3: U5 74 & Forest Hills School Rd

T ol ol
) [ ZE=z I
l ak s
2t= [ 26 I

Hwy 74 & Forest Hills School Road 1600vph
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Canfigurations L] 4 [ L] (3 & &

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Lane wiidth (ff) 12 12 11 13 13 11 12 =] 12 12 =] 12
Total Lost Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Turning Speed (mph) 15 g 15 9 15 g 15 g
Lane Util. Factor 100 085 400 4100 085 085 400 400 400 400 400 1.00
Frt 0.850 0992 0.99:3 0.99:3

Flt Protected 0950 0850 0998 0993

Satd. Flow (prot) 1770 3539 1531 1829 2628 o o 661 u] o G661 u]
Flt Fermitted 0.09:3 0.093 0.8z27 0.89z27

Satd. Flow (perm) 173 3539 1531 179 3628 o 0 1543 u] 0o 1543 u]
Right Turn an Red “fes ‘les ‘ez ‘s
Satd. Flaw (RTOR) Gz G 3 3
Headway Factor 100 400 104 0886 0585 104 400 144 400 100 144 1.00
Link Speed (mph) 55 55 =0 =20

Link Distance (ff) G228 ooyg 1558 2306
Travel Time (5] T2 1237 35.4 52.4
Wolume fwph) 65 1161 G G5 1161 G 38 697 38 29 597 =8
Feaak Hour Factor 082 08z 0892 0892 082 0892 082 0892 0892 082 082 082
Audj. Flow (twph) 71 1262 7o 71 1262 70 42 TEE 4 42 758 4
Lane Group Flow twph) 71 1262 FiLs| 71 1332 o o 844 u] o 544 u]
Tumn Type Ferm Ferm Ferm Ferm Ferm

Frotected Phases 4 g 2 5]
FPearmitted Phazes ) 4 2 2 5]

Minimum Split (5) 230 230 230 230 230 230 230 230 230

Total Split (=) 420 430 480 480 4920 o0 g§20 G620 00 g20 G620 0.0
Total Split (%) 436% 436% 43.6% 43.6% S36% 0.0% 56.4% 55.4% 0.0% 56.4% 55.4% 0.0%
Maximum Green (5 410 410 410 410 S1.0 550 550 550 550
“rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (5) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Lead/Lag

Lead-Lag Optimize™

nralk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Flash Drant Wialk (=) 110 110 110 110 110 110 11.0 11.0 11.0
Fadestrian Calls (#/hr u] u] u] u] u] u] u] u] u]

Aot Effet Green (5) 420 430 4320 430 430 57.0 570
Actuated g/C Ratio 039 039 039 039 039 0.52 0.5z

wic Ratio 104 081 041 109 084 1.05 1.05
Control Delay 15989 430 .0 1502 455 T3 731
Queus Delay 0.0 0.0 0.a 0.a 0.0 0. 0.0

Total Delay 1599 430 .0 1502 455 73 Fich

LOS F (1] A F (1] E E
Approach Delay 471 50.2 FaA T3
Approach LOS &l &l E E

Intersection Summarny

Area Type: Other
Cyele Length: 110

Aoty ated Cyele Length: 1410

Offset: O (0%, Referenced to phase 2:MBTL and 6:5BTL, Star of Green
Matural Cyele: 110

Control Type: Pretimed

haximum wc Ratio: 1.05

Interzection Signal Delay: 58.0 Interzection LOS: E
Intersection Capacity Utilization 104.6% ICU Lewvel of Service &
Analysis Period (min) 15

Splits and Phases:  3: US ¥4 & Forest Hills School Rd

T ol od
() [ [EE [
J" ak ok
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US Hwy 74 & Forest Hills School Road 4128vph



Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations LKL [ LK &) [ L] h L] t

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Lane wiidth (ff) 12 12 12 12 12 12 12 13 12 13 12 12
Storage Length () 1000 155 534 534 353 0o 285 o
Storage Lanes 1 1 1 1 1 u} 1 u]
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 g 15 g 15 g 15 g
Lane Util. Factor 1.00 085 400 4100 085 4100 400 400 400 4100 400 1.00
Frt 0.850 0.850 0.993 0.993

Flt Frotected 0950 0850 0.850 0950

Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1TF0 1911 0O 1828 1350 u]
Flt Fermitted 0487 0497 0423 0459

Satd. Flow (perm) 926 3539 1583 926 3530 1583 941 19141 0o 844 1a50 u]
Right Turn an Red “fes ‘res ‘ez “fes
Satd. Flaw (RTOR) 27 27 5] 5]
Headway Factor 1.00 400 100 400 400 100 400 095 400 095 4100 .00
Link Speed (imph) 55 55 45 45

Link Distance (ft) 1340 1605 bl s} G4
Travel Time (=) 16.6 19.9 =a] 10.5
Wolume fwph) 25 400 25 25 400 25 15 285 15 15 285 15
Feak Hour Factor 082 08z 0892 0892 082 0892 082 0892 0892 082 082 082
Adj. Flow twph) 27 435 27 27 435 27 16 310 16 16 210 16
Lane Group Flow fwph) 27 435 27 27 435 27 16 326 u] 16 326 u]
Turmn Type Ferm Ferm Ferm Ferm Ferm Ferm

Frotected Phazes 4 g 2 ]
Farmitted Phases ) 4 2 g 2 5]

Minimum Split (5) 230 230 230 230 230 230 230 230 230 230

Total Split (=) 260 260 260 260 260 250 240 2490 oo 240 240 0.0
Total Split (%) S2.0% 52.0% 52.0% 52.0% SZ.0% 52.0% 42.0% 43.0% 0.0% J42.0% 42.0% 0.0%
Maximum Green [5) 190 49.0 19.0 18.0 130 190 A¥0O 170 170 470
“rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (5) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
LeadiLag

Lead-Lag Optimize™

nralk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Flash Crant Wialk (=) 110 4410 410 440 410 1410 440 410 110 440
Fadestrian Calls (#/hr u] u] u] u] u] o u] u] u] u]

Aot Effot Green (5) 220 220 2RO 220 2E0 220 200 200 200 200
Actuated g/C Ratio 044 044 044 044 044 044 040 040 040  0.40

wic Ratio ooy o028 004 007 022 004 004 042 0.04  0.494
Control Drelay 8.7 9.6 4.0 8.7 =] 4.0 ary 128 a7 130
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 8.7 9.6 4.0 8.7 =] 4.0 ary 128 a7 130

LOsS A A A A A A A B A B
Approach Delay 9.z 9.2 126 129
Approach LOS A A B B

Intersection Summarny

Area Type: Other

Cycle Length: S50

Actuated Cycle Length: 50

Offset: O (0%, Referenced to phase 2:NBTL and 6:5BTL, Start of Green
Matural Cyele: 50

Contrel Type: Pretimed

faximum wc Ratio: 0494

Intersection Signal Delay: 10.7
Intersection Capacity Utilization 42.8%
Analysis Period (min) 15

Intersection LOS: B
ICU Lewvel of Service A

Splits and Phases:  3: U5 158 & U5 258

T ol o4
) [ I I
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US Hwy 158 & US Hwy 258 1600vph
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Lane Group EBL EBT EBR WBL 'WBT WBE HWBL HNBT HMBR SBL SBT SBR
Lane Configurations LKL [ LK &) [ L] h L] t

Ideal Flow (vphpl) 1900 4900 1900 4900 1900 4900 4900 1900 42900 1900 4900 4900
Lane wiidth (ff) 12 12 12 12 12 12 12 13 12 13 12 12
Storage Length () 1000 155 534 534 353 0o 285 o
Storage Lanes 1 1 1 1 1 u} 1 u]
Total Lost Time (=) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
Turning Speed (mph) 15 g 15 g 15 g 15 g
Lane Util. Factor 1.00 085 400 4100 085 4100 400 400 400 4100 400 1.00
Frt 0.850 0.850 0992 0992

Flt Frotected 0950 0850 0.850 0950

Satd. Flow (prot) 1770 3539 1583 1770 3539 1583 1770 1909 0O 1828 1348 u]
Flt Fermitted 0.057 0.057 0.0s7 0057

Satd. Flow (perm) 162 3539 1583 462 3539 1583 162 1909 o 67 1348 u]
Right Turn an Red “fes ‘res ‘ez “fes
Satd. Flaw (RTOR) a1 T ) L)
Headway Factor 1.00 400 100 400 400 100 400 095 400 095 4100 .00
Link Speed (imph) 55 55 45 45

Link Distance (ft) 1340 1605 bl s} G4
Travel Time (=) 16.6 19.9 =a] 10.5
Wolume fwph) 78 14905 7 78 1405 7e 4 844 A5 47 844 45
Feak Hour Factor 082 08z 0892 0892 082 0892 082 0892 0892 082 082 082
Adj. Flow twph) 85 1527 25 85 1527 85 51 917 a0 51 917 50
Lane Group Flow fwph) 85 1527 85 85 1527 85 51 9G7 u] 51 987 u]
Turmn Type Ferm Ferm Ferm Ferm Ferm Ferm

Frotected Phazes 4 g 2 ]
Farmitted Phases ) 4 2 g 2 5]

Minimum Split (5) 230 230 230 230 230 230 230 230 230 230

Total Split (=) 00 500 500 500 500 S00 500 S00 00 500 500 0.0
Total Split (%) S0.0% S0.0% 50.0% 50.0% S0.0% 50.0% 50.0% S50.0% 0.0% 50.0% S0.0% 0.0%
faximum Green () 430 430 430 430 430 g30 430 430 43.0 430
“rallow Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
All-Fed Time (5) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0
LeadiLag

Lead-Lag Optimize™

nralk Time (=) 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Flash Crant Wialk (=) 110 4410 410 440 410 1410 440 410 110 440
Fadestrian Calls (#/hr u] u] u] u] u] o u] u] u] u]

Aot Effot Green (5) 450 460 460 450 460 450 450 450 45.0  45.0
Actuated g/C Ratio 045 046 046 045 046 045 0456 045 045 046

wic Ratio 142 084 041 143 084 041 082 4.10 066 1.13
Control Drelay 1766 382 TE 1766 382 47 G636 887 G5.1 1026
Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 1766 382 TE 1766 382 47 G636 887 G5.1 1026

LOsS F (1] A F (1] A E F E F
Approach Delay 436 43.4 |77 100.7
Approach LOS & & F F

Intersection Summarny
Area Type: Other

Cyle Length: 100

Actuated Cycle Length: 100

Offset: O (0%, Referenced to phase 2:NBTL and 6:5BTL, Start of Green
Matural Cyele: 100

Contrel Type: Pretimed

Maximum wec Ratio: 1.13

Intersection Signal Delay: 62.5 Intersection LOS: E
Intersection Capacity Utilization 101.9% ICU Lewvel of Service &
Analysis Period (min) 15

Splits and Phases:  3: U5 158 & U5 258

LT a ad

BD [ B0z [
J" ak as
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US Hwy 158 & US Hwy 258 4995vph



APPENDIX F. ESTIMATED CONSTRUCTION COSTS

North Carolina Department of Transportation {Page]
Preliminary Estimate
TIP No. Continous Flow At Grade Intersection #SA County: N/A
Route ‘
From CONSTR.COST
Typical Section Assume New Location 58,800,000
Priced By: Doug Lane 08/03/07
Requested By: Bill Yopp 08/01/07
Line Sec
Item| Des No. Description Quantity | Unit Price Amount
Clearing and Grubbing 80| Acre [§  30,000.00 ] § 240,000.00
Unclassified Excavation 20,000 CY |§ 9.00 ] % 180,000.00
Borrow Excavation 20000 CY |$ 1000 | $ 200,000.00
Reinforced Bridge Approach Fills - Each [$ 2500000 | § -
Pavement Removal 5500 SY |$§ 300] 8% 16,500.00
Drainage 0.75 | Miles | § 300,000.00 | $ 225,000.00
Fine Grading 47,950 SY [$§ 2008 95,900.00
Subgrade Stabilization 40,500 SY |$ 600 $ 243,000.00
Paving
ML, Y-Line, and Ramps 405001 SY |§ 40,00 | $ 1,620,000.00
Concrete Median Barrier LF |$ 150.00 | § -
Guardrail
. |New Guardrail 1,000f LF |$ 15.00 | $ 15,000,00
Guardrail Anchors 8| Each [ § 1,500.00 | $ 12,000.00
Fencing (Chain Link) 7360 LF |$ 3001 $ 58,880.00
Erosion Control 60| Acres | § 12,000.00 | $ 72,000,00
Signing At Grade Intersection 1] LS | $ 50000000 § 500,000.00
Traffic Signal (New) 12| Each | $§ 100,000.001 § 1,200,000.00
Traffic Signal (Temporary) Each | §  60,00000 | % -
Traffic Control New Location 10] LS |$ 100000001} % 100,000.00
Thermo and Markers 075 | Miles | $  50,000.00 | $ 37,500.00
Lighting
At Grade Intersection Lighting 0.75 | Miles | §  200,000.00 | § 150,000.00
Misc. & Mob  (15% Strs, Walls,Light) 1| LS $ 22,220.00
Misc. & Mob  (55% Roadway) 1j LS $ 2,649,000.00
Lgth Contract COSt ....vvviviiiiiiiiiiis i B 7,637,000.00
E&C. 15% ...coooiiiiiiiiiiiiie e B 1,163,000.00
ConstructionCost .................ocooo .0 8 8,800,000.00

Note: Right-of-Way, R/W Utilities, and Utility Construction are not included in cost shown

Continuous Flow Cost Estimate

above.
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North Carolina Department of Transportation [Page]
Preliminary Estimate
TIP No. CTO Interchange County: N/A
Route
From CONSTR.COST
Typical Section Convert Existing At Gr Intersection to a CTO (4-Ln/4-Ln) $10,100,000
Priced By: Doug Lane 08/24/06
Requested By: Bill Yopp - (8/23/06
Line Sec
Ttem| Des No. Description Quantity | Unit Price Amount
Clearing and Grubbing Acre [ $  30,00000 ] $ -
Earthwork 18840 CY [§ 9.00 | $§ 169,560.00
Reinforced Bridge Approach Fills 2| Each ['$  30,000.00 | § 60,000.00
Drainage 1| SY |$ 20000000 (% 200,000.00
Fine Grading 15000 | SY |§ 2001 8 30,000,00
Subgrade Stabilization 11240 [ SY |3 6.00 | § 67,440.00
Paving
ML, Y-Line, and Ramps 11240 | SY | § 40.00 | § 449,600.00
Resurfacing 14,500 | SY | $ 1000 ] § 145,000,00
SF Congcrete Barrier / Top of Walls 1,680 LF $ 10000 | $ 168,000.00
Crash Cushions 8| Each | § 15,000.00 | $ 120,000.00
Sidewalk 1,500 SY [§ 2800 | $ 42,000.00
Guardrail
New Guardrail LF |$ 1500 | § -
Guardrail Anchors Each | § 1,500.00 | $ -
Fencing (Chain Link} 12,100 | LF |$ 800] % 96,800.00
Erosion Control 20| Acres | $ 12,000.00 | $ 24,000.00
Signing Interchange 1| LS [§ 100,060000] $ 100,000,00
Traffic Signal (Top New) 1{ Each [ § 100,00000 | $ 100,000.00
Traffic Signal (Bottom New) 1| Each { § 90,000.00 | $ 90,000.00
Traffic Control 1.0 LS $ 300,00000 | $ 300,000.00
Thermo and Markers 1.00 LS $ 50,000.00 | $ 50,000.00
Lighting
_ |Interchange Lighting 1 LS $ 400,00000] $ 400,000,00
Retaining Walls ' ’ s s
16" Average Height 29,140 SF $ 75001 8% 2,185,500.00
Structures
Abutments (Center) 2,512 SF B 180.00 | $ 452,160.00
Abutments (Ramps) 3,200 SF 5 150.00 | $ 480,000.00
Bridge 10,500 SF $ 9500 | % 997,500.00
Bridge Approach Slabs 160'x 25 4000} SF |$§ 30,00 | $ 120,000.00
Misc. & Mob  (15% Strs, Walls,Light) 1| LS $ 695,440,00
Misc. & Mob  (55% Roadway) 1 LS 3 1,217 000.00
Lgth Contract CoSt ............ociiiiiiins i $ 8,760,000.00
E&C. 15% .............. . $ 1,340,000.00
ConstructionCost ....................... ... 8 10,100,000.00
Note: Right-of-Way, R/'W Utilities, and Utility Construction are not included in cest shown above,

CTO Cost Estimate
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North Carolina Departinent of Transportation [Page]
Preliminary Estimate
TIP No. Echelon Interchange County: N/A
Route
From CONSTR.COST
Typical Section Convert Existing At Grade Intersection to a2 Echelon $12,000,000
Priced By: Doug Lane 08/24/06
Requested By: Bill Yopp 08/23/06
Line Sec
Item| Des No. Description Quantity | Unit Price Amount
Clearing and Grubbing 10.0] Acre | $  30,00000 | $ 300,000.00
Earthwork 19,500 CY $ 1000 | § 195,000.00
Reinforced Bridge Approach Fills 1| Each [$ 3000000 ( 30,000.00
Drainage 0.5 ] Miles | §  400,000.00 | § 200,000.00
Fine Grading 40,000 SY |§ 2001 % 80,000.00
Subgrade Stabilization 24,410 SY [$ 6.00 | § 146,460,00
Paving
Main Line 24410 SY |$§ 40.00 { $ 976,400.00
Detour (Two) 16000| SY |$ 3500 | $ 560,000.00
Concrete Median Barrier 100 LF |$ 200.00 | $ 20,000.00
Crash Cushions at Bridge Barrier 2| Each | § 15,000.00 | § 30,000.00
New Guardrail 850 LF $ 1500} § 12,750.00
Guardrail Anchors 8| Each | § 1,500.00 | § 12,000.00
Fencing (Chain Link) 2,880 LF |$§ 8.001] 8§ 23,040.00
Exosion Control 6.5 LS $ 12,000,00 | § 78,000.00
Signing Interchange 1.0 LS |§ 45000000 % 450,000.00
Traffic Signal (New) 2| Each | $ 100,00000 | $ 200,000.00
Traffic Signal (Temporary) 2| Bach | $  60,000.00 | § 120,000.00
Traffic Control 1.0 LS $ 400,000,00 | $ 400,000,060
Thermo and Markers 0.6 | Miles [ $  50,000.00 | $ 30,000.00
Lighting
Interchange Lighting 100 LS |$ 300,00000) § 300,000.00
Retaining Walls
16' Average Height 24000 SF |§$ T5.00 | $ 1,800,000.00
Structures
Odd Ball Shape 10800 | SF [$ 150,00 | § 1,620,000,00
Bridge Approach Slabs 60'x 50' 3,000 SF {|$ 3000 | $ 90,000.00
Misc. & Mob  (15% Strs,Walls Light) 1| LS $ 571,350.00
Misc. & Mob  (55% Roadway) 1 LS $ 2,125,000.00
Lgth ContractCost ...................cccooee i 8 10,370,000.00
E&C. 15% ... .. 1,630,000.00
Construction Cost ........ . 8 12,000,000.00

Note: Right-of-Way, R/'W Utilities, and Utility Construction are not included in cost shown ahove.

Echelon Cost Estimate
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North Carolina Department of Transportation [Page]
Preliminary Estimate
TIP No. Median U-Turn County: N/A
Route
From CONSTR.COST
Typical Section Convert Existing At Grade Intersection to a Median U-Turn Intersection $1,200,000
Priced By: Doug Lane 08/24/06
Requested By: Bill Yopp 08/23/06
Line Sec
Item| Des | No. Description Quantity | Unit Price Amount
Clearing and Grubbing Acre | $§  30,000.00 | § -
Earthwork 5500] CY |$ 12001 § 66,000.00
Drainage 1] Ls [$ 1000000]$ 10,000.00
Fine Grading 7000]| SY {§ 2001 % 14,000.00
Subgrade Stabilization 5,565 SY |$ 6.00] $ 33,390.00
Paving
Tutn Lanes 5565| SY [§$ 40.00 | $ 222,600.00
Resurfacing SY |§$ 10.00 | § -
Erosion Control 12| Acres [ 8 12,000.00 | $ 14,400.00
Signing Median U-Tums 1] LS |$ 2000000] $ 20,000.00
Traffic Signal (New) . ) 1| Each | § 100,000.00 § § . 100,000.00
Traffic Signal (at U-Turns) 2| Each | $ 7000000 | $ 140,000.00
Traffic Control 1.0 LS |$§ 20000008 20,000.00
Thermo and Markers 0.5 | Miles | $ 10,000.00 | $ 5,000.00
Misc. & Mob_ (15% Strs,Walls,Light) 1| LS
Misc. & Mob  (55% Roadway) i| LS $ 354,610.00
Lgth Contract Cost ......................... o $ 1,000,000.00
E.&C, 15% ...ooooooiiiiiiiiiiiies e $ 200,000.00
Construction Cost .......................... ..................... 8 1,200,000.00
Note: Right-of-Way, R/'W Utilities, and Utility Construction are not included in cost shown above.

Median U-turn Cost Estimate



North Carolina Department of Transportation [Page]
Preliminary Estimate
TIP No. Michigan Urban Diamond Interchange County: N/A
Route
From CONSTR.COST
Typical Section Convert Existing Grade Separation to a MUD 520,600,000
Priced By: Doug Lane 08/23/06
Requested By: Bill Yopp 08/23/06
Line Sec
ktem| Des [ No. Description Quantity | Unit Price Amount
Clearing and Grubbing 13.0 { Acre | $  30,000.00 | $ 390,000,00
Earthwork 95,925 CY $ 800 | $ 767,400.00
Reinforced Bridge Approach Fills 3| Each | $  30,00000 | $ 90,000.00
Drainage 0.5 [ Miles | §  600,000.00 | § 300,000.00
Fine Grading 20,500 SY |$ 2001 § 41,000.00
Subgrade Stabilization 10,255| SY |§ 600]$ 61,530.00
Paving
Main Line 10255| SY |$ 40.00 | $ 410,200.00
Detour 7,680 SY |$ 3500 | $ 268,800.00
Concrete Median Barrier 100 LF | § 20000 $ 20,000.00
Crash Cushions at Br Barrier 2| EBach | § 15,000.00 | $ 30,000.00
New Guardrail 2580 LF |§ 1500 | $ 38,700.00
Guardrail Anchors 16 | Each | § 1,500.00 | $ 24,000.00
Fencing (Chain Link) 4800 LF [s 300]8$ 38,400.00
Erosion Control 3.7] Acres | § 12,000.00 | § 44,400.00
Signing Interchange 1] LS |$ 40000000 | $ 400,000.00
Traffic Signal (New) 4| Each | § 100,000.00 | $ 400,000.00
Traffic Signal (Temporary) 2] Each | §  60,000.00 ] 8 120,000.00
Traffic Control 1,0 LS $ 700,000,00 | $ 700,000,00
Thermo and Markers 0.5 | Miles | $ 50,000.00 | $ 25,000.00
Lighting
Interchange Lighting 1| L8 |$ 300,00000(8§ 300,000.00
Varies from 4.0' to 27.2' Height 74,500 SF $ 75001 % 5,587,500.00
Structures
1 @ 68'x 205' 13940 SF | § 120.00 | § 1,672,800.00
2 @36'x155' 11,160 SF $ 12000 { § 1,339,200.00
1 @ 60'x 205" (Detour Sir CMR) 12300 SF | % 7000 | $ 861,000.00
Bridge Approach Slabs 140'x 50' 7,000 SF $ 3000 | % 210,000.00
Misc. & Mab  (15% Strs,Walls Light) 1| LS $ 1,495,070.00
Misc. & Mob  (55% Roadway) 1| LS $ 2,293,000.00
Lgth Contract Cost ..............oooiiiiii il $ 17,928,000.00
E&C. 15% ... .8 2,672,000.00
Construction Cost ..................ccoooee i 8 20,600,000.00

Note: Right-of-Way, R/W Utilities, and Utility Construction are not included in cost shown above.

Michigan Diamond Cost Estimate
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North Carolina Department of Transportation [Page)
b Preliminary Estimate
TIP No. Quadrant Design County: N/A
Route
From CONSTR.COST
Typical Section Convert Existing At Gr Intersection to a Quadrant Design (4-Ln/4-Ln) $2,100,000
Priced By: Doug Lane 09/07/06
Requested By: Bill Yopp 09/07/06
Line Sec
Item| Des No. Description Quantity | Unit Price Amount
Clearing and Grubbing 20| Acre {$ 3000000 [ $ 60,000.00
Earthwork 6,500 CYy |$ 1000 | $ 65,000.00
Reinforced Bridge Approach Fills Each | §  30,00000 | § -
Drainage 1 SY $  200,00000 | $ 200,000.00
Fine Grading 7,500 1 SY ([$ 200 $ 15,000.00
Subgrade Stabilization 6,635 SY |§ 600 | $ 39,810.00
Paving
ML / Ramps 6,635| SY |$ 40.00 | $§ 265,400.00
Detour SY |$ 30.00 | $ -
Resurfacing SY | § 10.00 | § -
Concrete Median Barrier LF {§ 100.00 | § -
Crash Cushions Each | § 15,00000 | § -
Sidewalk SY |$§ 28.00 | § -
Guardrail
New Guardrail 500 LF [$§ 2500 | $ 12,500.00
Guardrail Anchors 8| Each | $ 2,000,000 | § 16,000.00
Fencing (Chain Link) LF |3 800}3% -
Erosion Control 1.0 | Acres | $ 12,000.00 | § 12,000.00
Signing Interchange 1] LS |§ 100,000.00] § 100,000.00
Traffic Signal (New) 3| Each |{ § 100,000.00 | $ 300,000.00
Traffic Signal (Temporary) Fach | $  50,000.00 | § -
Traffic Control 1{ LS [$§ 60,00000]$ 60,000.00
Thermo and Markers 1 LS |$ 1000000 § 10,000.00
Lighting
Interchange Lighting LS | $§ 40000000 | $ -
Retaining Walls
4't027.2' Height SE | $ 100.00 | $ -
Structures
1 @ 84'x 160’ SF $ 100.00 | § -
1 @ 60'x 180' (Detour) SF | § 70.00 | § -
Br. App. Slabs 2@84'x25' 2@60'x 25' SF |§ 3000 | § -
Misc. & Mob  (15% Strs,Walls Light) 1| LS
Misc, & Mob  (55% Roadway) 1 LS $ 635,290.00
Lgth ContractCost .......................... .ccccoeeevie. § 1,791,000.00
E&C. 15% .. . $ 309,000,00
Construction Cost .............coccooevieiie ciiiiiviiieneinenn, 8 2,100,000.00
Note: Right-of-Way, R/'W Utilities, and Utility Construction are not included in cost shown above.

Quadrant Cost Estimate
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North Carolina Department of Transportation [Page]
Preliminary Estimate
TIP No. Single Point Urban Interchange County: N/A
Route
From CONSTR.COST
Typical Section Convert Ex. Gr. Separation to a SPUIL $18,500,000
Priced By: Doug Lane 08/23/06
Requested By: Bill Yopp 08/23/06
Line Sec
Item| Des | No. Description Quantity | Unit Price Amount
Clearing and Grubbing 40§ Acre | $  30,000.00 | $ 120,000.00
Unclassified Excavation 12,000 CY [§ 9.00 | § 108,000.00
Borrow Excavation 66,300] CY |$§ 8.00| $ 530,400.00
Reinforced Bridge Approach Fills 5| Each | $ 2500000 | § 125,000.00
Drainage 0.5 Miles [ $ 300,000,00 [ $ 150,000.00
Fine Grading 30000 SY [§$ 200 [ % 60,000.00
Subgrade Stabilization 19,300 SY |$ 600 | $ 115,800.00
Paving
Y-Line and Ramps 19300 | SY [§ 40,00 | $ 772,000.00
Resurfacing 2450 SY |$ 10.00 | § 24,500.00
Detour 6,000 SY $ 3500 | $ 210,000.00
New Guardrail 7201 LF |$§ 1500 | $ 10,800.00
Guardrail Anchors 8| Each | $ . 1,50000( § 12,000.00
Fencing (Chain Link) 1,920 LF |$ 800 § 15,360.00
Erosion Control 46| Acres | § 12,00000 | § 55,200.00
Signing Interchange 1] LS [§ 500,00000] $ 500,000.00
Traffic Signal SPUI (New) 1| Each [ $ 200,00000 | $ 200,000.00
Traffic Signal (Temporary) Each | $ 60,00000|$% -
Traffic Control 1.0 LS $ 700,000.00 | $ 700,000.00
Thermo and Markers 05| Miles [ §  50,000.00 | $ 25,000.00
Lighting
Intcrchangc Lighting 1 LS $ 300,00000 | § 300,000.00
Retaining Walls © B
16' Average Height 47,300 SF $ 75.00 | $ 3,547,500.00
Structures
Y-Line 84'x 230" 19,320 SF 3 130.00 | § 2,511,600.00
Ramps 2@36'x 208' 7776 | SF [ % 12000 [ § 933,120.00
Ramps 2@36'x 92 6624] SF |% 12000 | § 794,880.00
Detour (CMR) 36'x 230 8280] SF |§ 70.00 | $ 579,600.00
Bridge Approach Slabs  140'x 50' 7,800 SF $ 30.00) § 234,000.00
Misc. & Mob  (15% Strs,Walls,Light) 1| LS $ 1,335,240.00
Misc, & Mob (55% Roadway) 1 LS $ 2,054,000.00
Lgth Contract Cost ......................... cciiieeiiei $ 16,024,000.00
E&C. 15% oo el 3 2,476,000,00
Construction Cost ...........ocoiveiiiiiiis civiviriiver e 3 18,500,000.00
Note: Right-of-Way, R/'W Utilities, and Utility Construction are not included in cost shown above.

SPUI Cost Estimate
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North Carolina Department of Transportation [Page]
Preliminary Estimate
TIP No. Tight Diamond County: N/A
Route
From CONSTR.COST
Typical Section Convert Existing At Gr Intersection to a Tight Diamond (4-En/4-Ln) $14,000,000
Priced By: Doug Lane 09/07/06
Requested By: Bill Yopp 09/07/06
Line Sec
Item| Des | No. Description Quantity | Unit Price Amount
Clearing and Grubbing 13.0] Acre [§  30,00000 | § 390,000.00
Earthwork 82,575 CY |§ 600 ] $ 495,450.00
Reinforced Bridge Approach Fills 21 Each [$§ 30,00000] 8§ 60,000,00
Drainage 1{ SY |$ 200,00000] $ 200,000.00
Fine Grading 75,000 SY [$ 200] 8 150,000.00
Subgrade Stabilization 59,575 SY |$ 6.00] § 357,450.00
Paving
ML, Y-Line, and Ramps 59,575 | SY |§ 40.00 | $ 2,383,000.00
Detour 4,000 [ SY |$ 3000 | § 120,000.00
Resurfacing SY |§ 10.00 | § -
Concrete Median Barrier 3000 LF |$ 10000 § 300,000.00
Crash Cushions 8| Each | $ 15,000.00 | § 120,000,00
Sidewalk SY [$ 28.00 [ $ -
Guardrail
New Guardrail 3000 LF |§ 15001 8 45,000.00
Guardrail Anchors 16 | Bach | § 1,500.00 | § 24,000.00
Fencing (Chain Link) 480 LF |$ 8.00 | $ 38,400.00
Erosion Control 3.5 Acres | $§ 12,00000 [ § 42,000.00
Signing Interchange 1} LS |$ 100,00000 | § 100,000.00
Traffic Signal (New) 4| Each [ $ 100,000.00 | $ 400,000.00
Traffic Signal (Temporary) 21 Each [$  50,00000( $ 100,000.00
Traffic Control 1.0 LS $  300,000.00 | § 300,000.00
Thermo and Markers 1.00} LS [$§  50,00000( $ 50,000.00
Lighting
Interchange Lighting 1] LS |$ 400,00000] 8 400,000.00
Retaining Walls
4'1027.2' Height 1,600 SF $ 10000 | § 160,000.00
Structures
1 @ 84'x 160' 13,440 SF $ 100.00 | § 1,344,000.00
1 @ 60'x 180" (Detour) 10,800 SF 3 7000 ] § 756,000.00
Br. App. Slabs 2@84'x25' 2@60'x 25 7,200 SF 3 3000 | $ 216,000.00
Misc. & Mob _ (15% Strs,Watls,Light) 1| LS $ 431,700.00
Misc. & Mob  (55% Roadway) 1 LS 3 3,121,000.00
Lgth ContractCost .......................... .................... $ 12,104,000.00
E.&C, 15% .o is e $ 1,896,000.00
Construction Cost ......................... ... 8 14,000,000.00

Right-of-Way, R/W Utilities, and Utility Construction are not included in cost shown above.

Tight Diamond Cost Estimate
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APPENDIX G — TRAFFIC SURVEY MAPS

AADT NC Hwy 152 & Old Co

-n.cord Road 2004
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AADT US Hwy 29 & Pitt School Road 2004
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AADT NC Hwy 280 & Forge Mountain Road 2005




AADT US Hwy 19-74-129 & Locust Street 2005
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AADT US Hwy 74 & Forest Hills School Road 2005

AADT US Hwy 158 & US Hwy 258 2005
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