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Executive Summary
For our senior design project, we conducted an intersection improvement in Clare Michigan. On
the north end of Clare at the interchange of US-127 and Clare Avenue, the Michigan
Department of Transportation has been working with the Clare County Road Commission in an
effort to redo this interchange. The ideal interchange will be a roundabout that includes the
entrance and exit ramps of NB US-127, NB and SB Clare Ave, and Colonville Road. With the
assistance of AutoCAD, PTV Vistro, and Microsoft Project, our team conducted a full
roundabout design and park & ride redesign. Our team then developed an analysis of
alternatives, a full construction schedule, a cost estimate, and a traffic control plan to
effectively implement a roundabout at this intersection. We partnered with Shaun Bates, a
Professional Engineer, from MDOT for this project to assist us in the design. For our project, we
followed all FHWA guidelines and used current codes and specifications. In addition to our
project sponsor, faculty from the Department of Civil Engineering were consulted for additional
information. With the use of a variety of resources and a team mindset, we provided MDOT
with a safe, effective, and sustainable roundabout design and park and ride redesign at the
interchange of US-127 and Clare Avenue.
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1.0 Introduction
1.1 Description of Project and Background
The interchange at Clare Avenue and US-127 has been noted for improvements by
Michigan Department of Transportation for various reasons. These issues include high traffic
volumes and uneven flow, traffic light sight distance, frequent accidents, especially rear-end
collisions, and overall poor roadway geometry.
The traffic light sight distance refers to the distance from the bridge overpass
northbound on Clare Avenue, where the traffic signal has a poor line-of-sight for drivers, to the
stoplight itself. This distance is shown in Figure 1.1 to be roughly 230 feet, and from the stop
distance calculation listed below, we can conclude that this overpass to signal distance should
be increased to at least 304 feet when assuming normal conditions, flat travel surface, and dry
asphalt. The high crash rates within this segment are correlated to high traffic volumes at peak
travel times for the geometry of the intersection.
𝑓𝑡
!
(1.47 ∗ 50)!
𝑺𝒕𝒐𝒑 𝑫𝒊𝒔𝒕𝒂𝒏𝒄𝒆 = 1.47 𝑠 ∗ 50𝑚𝑝ℎ ∗ 2.5𝑠 +
= 304 𝑓𝑒𝑒𝑡
𝑚𝑝ℎ
2 ∗ 32.2 ∗ 0.7

Figure 1.1: Arial view of site with POI highlighted
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1.2 Scope of Work
1.3 Scope of Work
1.4 Deliverables
1.5 Project Constraints
2.0 Scope of Work
2.1 Traffic Control Plan
Figure 1.2: Bridge Overpass to Intersection Line of Sight
1.2 Deliverables
The final project deliverables of our project include a full design of a roundabout for
Clare Avenue and US-127. Additionally, we have presented alternative locations for the park
and ride that accompanies the intersection. In consideration of the construction of the
roundabout, a full traffic control plan has been developed to consider delay times and
convenience for travelers. A full site assessment must be conducted prior to design to ensure all
environmental impacts are accounted for. Sustainability was considered through the selection
of mix design used for the new construction. Our team presented multiple options for the
roundabout design, considering delay time and level of service achieved. A full construction
schedule and estimate was also developed for the construction of the new roundabout and
park and ride relocation.
1.3 Project Constraints
To successfully design the new roundabout with Clare Avenue and US-127, we were
required to consider the constraints of the rural area. The existing right-of-way patterns at the
intersection needed to be maintained in the new design developed. The park and ride required
a new, feasible location that will properly service the necessary vehicle capacity.
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1.4 Project Overview and Scope
The scope of this project includes a design of a roundabout, park and ride redesign,
construction schedule, full construction estimate, and a full traffic control plan. A full site
assessment must be conducted prior to design to ensure all aspects of environmental, social,
and economic impacts are addressed. For this area, there are many ways this interchange can
be improved, so alternative designs will be proposed to the Department to ensure that they
receive a final product that meets their standards. For each design, the level of service was
analyzed to achieve the highest level of service, while still constructing a sustainable new
product. In addition, this site location has a park and ride that is owned and maintained by
MDOT that was redesigned to accommodate the new intersection. Our team analyzed the
intersection to find the best location for the park and ride in conjunction with the roundabout.
Due to traffic counts showing no signs of pedestrians, the scope of our project does not
consider any pedestrian activities.
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2.0 Traffic Control
During construction, it is important to maintain traffic flow in the construction zone.
Due to this area being very rural, the detour route for a total closure would be very long and is
not an ideal option for this project. However, during the design of our project, all alternative
options were considered using a weighted alternative matrix. This matrix will have a weight of
values between 1-5 and the scores will also be awarded on a range from 1-5, with 5 being the
best score. From the totals, the highest score will be the best option. There were two options
presented during our design that will be analyzed.
The first option is to construct the proposed roundabout using part width construction.
By using this method of construction, since the roadway runs north and south, the construction
would need to implement a western and eastern half closure of the construction site,
therefore, there would need to be two detour routes presented.
The first proposed detour route is shown below in Figure 2.1. This route will be in place
when part width construction is being done on the east half of the roundabout. During this
phase, northbound and southbound traffic on Clare Avenue will be maintained with one lane in
each direction. Traffic traveling on Colonville Road will be maintained by a temporary signal at
the intersection of Clare Avenue and Colonville Road on the newly aligned Colonville Road.
Additionally, Exit 160 that allows traffic to exit from northbound US-127 onto Clare Ave will be
temporarily closed for the construction of the east half of the newly placed roundabout, and
also to expand the existing park & ride facility that is located in the southeast quadrant of Clare
Avenue and Colonville Road. There are two different areas that need to have adequate signage
to properly close this exit. The first of which is westbound US-10 that will merge with
northbound US-127 approximately two miles before exit 160. Traffic from westbound US-10
will be diverted to US-10BR that travels into the town of Clare, and then will be directed north
onto US-127BR where traffic will then travel northerly to the construction zone where their
anticipated exit was closed. In addition, traffic traveling north on US-127 that is south of Clare
will need to be diverted off the freeway on the south end of Clare on Exit 156—US-127BR. This
will allow all traffic to continue north on the business route until they reach the construction
where their anticipated exit was closed.
The first freeway that is shown below is WB US-10 which is shown by the blue route.
This detour route adds 4 minutes to the total travel time while only increasing the distance by
0.8 miles. The red route represents NB US-127. This route increases the total travel time by
three minutes, but decreases the total distance traveled by 0.4 miles. Detailed signage for this
proposed detour route can be found in Appendix C.
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Figure 2.1: Detour Route 1
The second proposed detour route is shown below in Figure 2.2. This route will be in
place when part width construction is being done on the west half of the roundabout. During
this route, northbound and southbound traffic on Clare Ave will be maintained with one lane in
each direction on the east half of Clare Avenue. Traffic that will be traveling on Colonville Road
will be maintained by a temporary signal at the intersection of Clare Avenue and Colonville
Road. The ramp that leads to northbound US-127 will be fully closed. This detour will send the
northbound traffic northerly on Clare Ave approximately eight miles to Mannsiding Road. Here,
the northbound traffic will be able to enter the freeway and continue north. However, since the
northbound US-127 on ramp also accommodates WB-10 traffic, this westbound traffic will
follow the same detour, except head south on US-127 at Mannsiding Road. These vehicles will
travel south approximately five miles where they will then enter to westbound US-10.
The freeway shown below in Figure 2.2 is WB US-10 which is shown by the blue route
below. Westbound US-10 traffic would need to utilize this ramp. This detour route adds 18
minutes to the total travel time while increasing the distance by approximately 16 miles. The
red route represents NB US-127. This route increases the total travel time by 2 minutes, and
increases the total distance traveled by 0.2 miles. Detailed signage for this proposed detour
route can be found in Appendix C.
10

Figure 2.2: Detour Route 2
It is important to note that for both detour routes 1 & 2, no dirt roads were used. Due to
the extremely rural area, the detour for WB-10 in detour route 2 is extremely long, however,
this is the simplest and most sustainable way for these vehicles.
The second option is to implement a total closure of the area of the construction zone.
By doing this, detour routes would also need to be in place, but most likely much longer detour
routes. Shown below in Figure 2.3, there two detour routes indicated for a total closure. The
red route represents getting traffic from the north side of the closed construction site to the
south side. This route is approximately 4.4 miles, and it would add 10 minutes to a commute.
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The blue route is how vehicles from Colonville Road would get through the site. This route has a
major increase in time as it adds 13 minutes to a trip and is a total of 5.8 miles. Using a
weighted alternative matrix, both of the options are going to be analyzed.

Figure 2.3: Detour For Closed Construction Site
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Table 2.1: Weighted Alternate Matrix for Traffic Control

There are four different criteria elements that were considered in the weighted
alternate matrix. These four criteria have a weight that is associated with each of them, and
that weight and score was determined as follows:
•

Detour Time: The detour time was given a weight of 5, which is the highest
weight possible. Having a short detour time for all traffic is significantly
important, especially when this impacts the public. Having the least impact on
traffic as possible is always one of the highest goals in a roadway construction
project. Option 1 was scored as a 5 in this case because the detour routes
suggested do not add significant time. They only add approximately 5 minutes to
any of the travel times on the route. On the other hand, having a total closure
would incorporate a very large detour time that would have a significant impact
on the travel time, therefore, it was scored as a 1.

•

Construction Time: Construction time is an important aspect of any project. An
owner is always going to want a project to move at the fastest rate while still
achieving a quality product. This was given a weight of 3. When scoring the two
options, option 1 was given a score of 3. This score was awarded because it was
still possible to have a good construction time while only doing part width
construction. Option 2 was awarded a score of 4 because the construction time
would in fact be increased. There would be no traffic to worry about, no vehicles
to work around, and everything could be done at once.
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•

Sustainability: One of the most important aspects to consider is how sustainable
an option is. There are many different aspects to consider when it comes to
sustainability. In order to give the proper weight in this case, economic and
transportation sustainability was considered. This was given a weight of 3.
Option 1 was given a score of 4. This score was awarded for two main reasons.
The first reason is that the detour times are minimized, therefore it is much
more sustainable than a long detour route. Additionally, this option has a lower
economic impact. Vehicles will still be able to pass through the construction site
and keep the businesses of the Clare area open. Option 2 was given a much
lower score of 1 for the reasons of a significantly longer detour route and there
would also be an adverse impact on the surrounding businesses.

•

Owners Preference: When doing a design for an owner, their preference is very
important to consider. Since MDOT is the owner in this case, their goal is to
always limit the impact on traffic. This criterion was given a weight of 4. Option 1
was given a score of 4 because this is the method that MDOT would likely prefer.
Option 2, however, would be the total opposite of option 1 and the owner would
not approve of this option, therefore it was awarded a score of 1.

Based on the results of the weighted alternative matrix, the best option for this project
is where construction will take place in a part width manner implementing the two proposed
detour routes to accommodate the different phases of construction.
Our team designed this traffic control plan that corresponds with the construction
schedule. To maintain traffic in the area for the suggested roundabout design, this project must
be built in different phases. For this project, there was four different construction phases.
Detour route 1 would be used with phase 2 of construction, and detour route 2 will be used
with phase 3 of construction. During the fourth and final phase of construction, both detour
route 1 and detour route 2 will be used for final punch list items. Since both detour routes will
have already been used, signs will be at their required location, and it will be easy to set up or
take down each of the routes. The availability of these two detour routes for the final phase of
construction is extremely important as it will improve traffic flow during the construction
project.
For all the detour routes, our team used Michigan Department of Transportation’s
Temporary Traffic Control Manual on Uniform Traffic Devices to select the proper signs and
placement based off the area that they needed to be placed. Additionally, there need to be
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traffic control signs throughout the project area. These signs throughout the project area
include many warning signs that indicate to people that they are entering the work zone.
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3.0 Roundabout Design
The original roadway section, as shown in Figure 3.1, consists of three separate
intersections: one for each US-127 On & Off Ramp, and another at Clare Ave & Colonville Road.
Our team’s design plan is to reconstruct both the US-127 on ramp intersection &
Clare/Colonville intersection into a single roundabout.
The original intersections, as illustrated by Figure 3.2, have overall level of services of A,
C, & B. The two intersections being reconstructed have LOS A & C, with the Clare Avenue &
Colonville Road intersection being the main source of traffic issues in our section. Turning
movements, along with traffic counts, are also included in this same visual.

Figure 3.1: Existing Section Layout
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Figure 3.2: Existing Section LOS
Right of way maps were distributed to our group from MDOT, which present a visual of
all land area in or near our construction zone as either privately or publicly owned. Our entire
area of construction lies within land owned by the department, meaning that no right of way
will need to be purchased when work begins. A full right of way map is included in Appendix D.
Traffic counts within our roadway consist of about 95% passenger cars, just over 2%
semi/truck & trailer traffic, just over 3% recreational vehicles, and 0% pedestrian traffic. In
2016, a traffic survey was performed in the area by MDOT. This survey documented traffic
count information at all three existing intersections by 15-minute segments. We analyzed this
information to identify the daily peak hour traffic, which was found to contain a flow of 1,154
vehicles per hour. Then, a traffic growth factor of 1.4% per year, calculated by MDOT in 2020,
was utilized to project future traffic counts in the area. Per MDOT’s Roundabout Guidance
Document, the design lifetime of a newly constructed roundabout is 20 years, so if it is
implemented by the end of this year, the design lifetime would occur in 2042. Thus, we used a
value of 26 years to estimate how traffic counts will increase by the end of our roundabout
lifetime. This allowed us to design for the highest traffic volume our roadway segment would
endure. This calculation process is shown below.
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The peak hour traffic volume, as tabulated in 2016, was 1,154 vehicles per hour.
Projecting this value forward by 26 years gives us a traffic volume of 1,656 vehicles per hour in
the year 2042. Then, a heavy vehicle factor of 0.984 (also calculated below) was utilized to
transform traffic counts from vehicles per hour to an equivalent passenger cars per hour value.
This resulted in a final volume of 1,683 passenger cars per hour.
𝑣𝑒ℎ
𝑇𝑟𝑎𝑓𝑓𝑖𝑐 𝐺𝑟𝑜𝑤𝑡ℎ = 𝑃𝑉 ∗ (1 + 𝑖)" = 1154 ∗ (1 + 0.014)!# = 1656
ℎ𝑟
𝑓!" =

1
1
=
= 0.984
(
)
(
)
(
1 + 𝑃# ∗ 𝐸# − 1 + 𝑃$ ∗ 𝐸$ − 1
1 + 0.0202 ∗ 1.5 − 1) + 0.0307 ∗ (1.2 − 1)

Where:
o PT – Proportion of truck & trailers in traffic stream
o PR – Proportion of recreational vehicles in traffic stream (negligible)
o ET & ER – passenger car equivalent factors – taken as 1.5 & 1.2 (level terrain &
over 1200 pc/hr)
1656
𝒑𝒄
𝑃𝑎𝑠𝑠𝑒𝑛𝑔𝑒𝑟 𝐶𝑎𝑟 𝐸𝑞𝑢𝑖𝑣𝑒𝑙𝑒𝑛𝑡 =
= 𝟏𝟔𝟖𝟑
0.984
𝒉𝒓
All the connected roadway corridors, both ramps, and all three intersections
experienced a combined total of 120 crashes in a 10-year segment, from 2011-2020. This
consisted of 50.8% single vehicle crashes, along with just over 30% rear-end crashes, consisting
of 30 direct rear-end, 5 rear-end left turn, and 2 rear-end right turn crashes. Other than that,
this section had 11 angled, 5 sideswipe, 3 head-on, and 3 other/unknown crashes, which
account for a little under 19% of the total.
Within this roadway section, the main safety concern is the Clare Avenue & Colonville
Road intersection. This alone accounts for 35 crashes, with over 65% being rear-end accidents,
specifically, 54.3% direct rear-end, 8.6% left turn rear-end, and 2.9% right turn rear-end. The
second highest crash type is angled at just over 14%, followed by head-on crashes at 8.6%, and
single motor vehicle crashes, which only makes up 5.7% of the total at this intersection.
Sideswipe and unknown crash types each account for 2.9% of the total.

Implementing a roundabout in this roadway section would serve to cut down on most of
these crash types; however, it also introduces new crash types that may not have occurred
originally. First off, rear-end crashes, the most impactful type in the area other than single
vehicle accidents, would be greatly reduced by constructing a roundabout. The other crash
18

types compose a much smaller ratio, but a majority of those crashes would likely be reduced as
well.
To provide some perspective regarding the potential for safety improvements at
Michigan intersections, crash date for 2005 is typical and shows the following for the state of
Michigan.
• Approximately 30 percent of all crashes were at intersections.
• Approximately 29 percent of all injuries occurred at intersections.
• Approximately 26 percent of all fatalities occurred at intersections.

Figure 3.3: Calculating Intersection Conflict Points
By utilizing Figure 3.3 illustrated above, there are 9 possible conflict points between
vehicles within the Clare Avenue & Colonville Road intersection, and roundabouts only have 8
conflict points. Using the same method to further that idea, there’s another 5 conflict points
within the Clare Avenue & US-127 On Ramp intersection. Ultimately, replacing both
intersections with a single roundabout would reduce the number of vehicle conflict points from
14 to 8. Additionally, studies conducted in the US found that roundabouts typically reduce
overall crashes by about 40 percent, injury crashes by approximately 75 percent, and serious
injury & fatal crashes by around 90 percent. This information was included within MDOT’s
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Roundabout Guidance Document, and the original studies were conducted in 2000 by the
Insurance Institute for Highway Safety.
In addition to the reduction in conflict points, roundabouts introduce a higher number
of “run-off-road” and “entering circulation” crashes. These two crash types did not warrant
statistics in the original roadway design. Sideswipe crashes are also present with the
introduction of a roundabout, but this value does not differentiate a great deal from the
existing crashes. The percentage of sideswipe crashes at the roundabout would likely increase,
but the total number should remain similar. Thus, by simply replacing the original intersection
with a roundabout, we could greatly diminish the number of crashes in the area. Although
roundabouts may introduce different types of crashes than the existing intersection, the overall
value will still decrease. Also, this would serve to improve the overall drivability within our
section by decreasing vehicle stop and start times in all directions.
Another reference, CMF Clearinghouse, lists crash modification factors for replacing a
signalized intersection with a roundabout interchange. All the following CMF values were
received from the state of Missouri, from the years 2003 to 2016. There are separate factors for
both single-lane and two-lane roundabouts. The one-lane values are derived from a total of 7
sites, over a 62-year period, resulting from 28 years before construction and 34 years after
reconstruction. The dual-lane values utilized 5 sites over a period of 38 years, resulting from 19
years before and after reconstruction. These crash modification factors are as shown in Table
3.1.
Table 3.1: Crash Modification Factors by Crash Category

After evaluating the crash modification factors shown above, it is evident that the onelane roundabout option would be a more beneficial approach in terms of crash reduction. The
one-lane roundabout alternative shows a decrease in all crashes, fatal and injury crashes, and
property damage crashes, while the two-lane alternative shows an increase in all three
categories.
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In terms of roundabout location, our team evaluated multiple options to select the most
effective alternative. To select the most effective location for the placement of the roundabout,
we evaluated many factors. Our team made sure to leave enough room for the new placement
of the US-127 on ramp, while attempting to minimize roadway reconstruction on Colonville
Road. Thus, the final design shows our roundabout located about 80 feet north, center to
center, of the original intersection of Clare Avenue and Colonville Road. The reconstruction on
the east side of Clare Avenue consists of lengthening and slightly relocating the Park & Ride
driveway, lengthening the US-127 off ramp to connect with Colonville Road, and reconstructing
750 linear feet of Colonville Road. Also, Colonville Road will be replaced with 10 additional
linear feet due to the angled portion of the roadway. This roadway redesign consists of a
straightaway segment for the first 450 feet immediately east of the roundabout, followed by a
sloped section meant to connect the existing roadway with the new. The sloped section is
approximately 310 linear feet, shown in Figure 3.4. For construction on the west side of Clare
Avenue, we will remove and replace 340 linear feet of the US-127 on ramp to match the
placement of our new entry with the existing ramp segment.
Bypass lanes are an additional design aspect when implementing a roundabout. Our
team’s final design includes a single bypass lane for westbound travelers on Colonville Road
turning right onto Clare Avenue. This decision was made for multiple reasons, the most
important of which is minimizing vehicle delay and outputting an optimal intersection level of
service. However, it is crucial to consider the amount of material required to construct the
bypass lanes. It is not justified to include bypass lanes on all three incoming intersection legs,
since the turning traffic volumes do not warrant them. The northbound leg of Clare Avenue has
the highest traffic volume, followed by southbound Clare Avenue, with westbound Colonville
Road containing the smallest entry traffic volume. As shown in Figure 3.5, the turning
movements on the Colonville Road leg account for the highest number of right turns at the
intersection. The Colonville Road leg contains almost as many right turns as south and
northbound Clare, equaling 155 to 170 right turns. Thus, we first placed a bypass at this
location and conducted a PTV Vistro simulation to determine the intersection level of service
and vehicle delays for the intersection. This lane addition effectively decreased our vehicle
delay times and improved the level of service of the intersection, shown below in Table 3.2.
Table 3.2: Design Parameters – Delay and LOS
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After the implementation of the critical bypass lane, we also attempted to add
individual bypass lanes for both the Clare Avenue legs. In addition to the individual bypass
lanes, we also tried to add the bypass lanes together. Neither of these additional bypass lanes
created a valid impact on vehicle delays, and by adding one to the northbound leg, it increased
our vehicle delay times. Therefore, we will only utilize the most critical bypass lane at Colonville
Road to preserve resources and improve vehicle delays.
Another aspect of our roundabout design is the consideration of the seemingly low
heavy vehicle volumes in the area in 2016. However, changes have occurred in the area since
our traffic data was collected. Specifically, there has been an increase in industrial activity on
Colonville Road within the past 6 years. This increase is due to Northern Logistics Worldwide, a
trucking company, that was built in 2017, 0.8 miles east of the existing intersection. Also, a
Consumers Energy plant is located in close proximity to the intersection, causing an increase in
heavy vehicle traffic since 2016. Thus, we designed our roundabout alternatives to
accommodate for the increase in heavy vehicles, while still considering our material usage. This
consists of utilizing circulating lane widths and inscribed roundabout diameters on the upper
end of the MDOT specifications.
The following figures present interchange redesigns for the one-lane and two-lane
alternatives. Overall layouts and level of service values for each intersection, as well as
individual turning movements, are provided in the following figures for each design.

Figure 3.4: Two-Lane Roundabout Layout
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Figure 3.5: Two-Lane Roundabout PTV Vistro

Figure 3.6: Geometric and Traffic Volume Constraints
The guidelines for both roundabout design options are listed above in Figure 3.6, which
was retrieved from MDOT’s roundabout guidance document. Our team decided to use
intermediate values for the geometry in our two-lane alternative, as heavy vehicles will have
sufficient room to maneuver. This decision led our team to select a diameter of 180 feet, entry
widths of 24 feet, and circulating lane widths of 32 feet for both lanes.
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One of the main aspects for this redesign is the number of existing lanes currently in our
roadway section. Colonville Road only has a single incoming lane, while north and southbound
Clare Avenue have 2 incoming lanes each. The lane continuity rule we followed for our design
states that unnecessary conflict points between entering vehicles should not be introduced.
Specifically, a single incoming lane is allowed to enter a multilane roundabout, but multiple
incoming lanes are not allowed to enter a one-lane roundabout. Thus, without changing the
number of existing lanes on Clare Avenue, a two-lane roundabout must be placed.
To try to justify the two-lane roundabout design, our team analyzed traffic counts to
compare to the roundabout capacity. The peak hour traffic volume for our intersection reaches
1,683 passenger cars per hour when projected to 2042, which is more than 2,300 veh/hr below
the two-lane maximum value. After conducting this analysis at peak hour traffic volumes, the
two-lane design would only reach 42% of its capacity. This proves that the traffic counts in our
area do not warrant a multiple lane roundabout at this intersection.

Figure 3.7: Single-Lane Roundabout Layout
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Figure 3.8: Single-Lane Roundabout PTV Vistro
For the one-lane roundabout design, our team utilized the upper end of the geometry
specifications, as heavy vehicles require enough space to maneuver through the intersection.
Following the same guidelines from Figure 3.6, we selected a 160-foot diameter, 20-foot-wide
entries, and a 24-foot-wide circulating lane width.
As discussed in the previous roundabout design alternative, both existing Clare Avenue
legs are two-lane roads. With the same lane continuity rule in place, we must reduce the
incoming lanes to one-lane roads for all legs. As illustrated in Figure 3.7, each of our incoming
roadways are single lane. The northern section of Clare Avenue can undergo a lane reduction
quite simply, as this roadway expands to two lanes southbound of our designed interchange,
shown in Figure 3.9. However, the southern portion is a little more difficult to reduce. We
followed the lane reduction standards, and placed lane ending signs as well as pavement
markings to warn drivers.
The peak hour volume for our intersection reaches 1,683 passenger cars per hour for
projected 2042 values, which is more than 300 veh/hr below the maximum value. Thus, the
one-lane roundabout design is a more effective and efficient option when analyzing our existing
intersection traffic counts. Overall, a weighted analysis was performed to identify the ideal
design option for our roadway section. This weighted alternative analysis is shown in Table 3.3.
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Table 3.3: Weighted Chart for Roundabout Alternatives

Table 3.3 shows a weighted chart calculating which type of intersection will be the most
effective based on the criteria listed in the top row. There are weighted values assigned to each
of these elements, ranging from 1 to 5, based on our team’s evaluation of its importance for
the design parameters. This number is then multiplied by the ranking listed in the respective
categories for each design alternative. A sum of these products is listed in the “Total” column
on the far-right side. This ranking system outputs a positive relationship, proving that the
highest total score represents the best alternative. Therefore, the analysis of alternatives shows
that the one-lane roundabout is the most effective and efficient design alternative.
There are seven different criteria elements that were considered within this weighted
alternate matrix. The weights associated with each of these elements, as well as rankings, were
determined as follows:
•

Cost: This category was given a weight of 4. Although most construction
contractors would rate this a 5, we felt that other considerations were more
important to the project than the cost. However, cost is still a crucial part of any
construction project and should be properly considered.
o The existing roadway was given a rank of 4, because there are no
immediate construction costs, but signalized intersections accumulate
costs over a long period of time. The one-lane alternative is ranked at a 3,
as construction costs would create a large burden, but cost savings from
a non-signalized intersection partially offset those costs. The two-lane
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option is given a rank of 2. It will provide the same cost reduction as the
one-lane by eliminating the signals, but it would also increase
construction costs.
•

Vehicle Delays: This was assigned a weight of 3, majorly due to the level of
service category accounting for a similar aspect of the design. However, this is
still an important measure of effective traffic flow.
o The existing section has an average vehicle delay of 32.55 s/veh, which is
very poor in comparison to the other options; therefore, it was assigned a
rank of 1. The one-lane roundabout decreases the delay to 9.51 s/veh,
which is a large improvement, and it was given a rank of a 4. The twolane alternative was given a 5 since it had the most efficient vehicle delay
of 7.70 s/veh.

•

Level of Service: This criterion was weighted at a 4. It is a vital measure of traffic
conditions, and we viewed level of service as the most important one. Although
level of service is crucial to consider for design alternatives, safety was given the
highest rank.
o The existing roadway was given a rank of 2, as the intersection level of
service is C. Both the one and two-lane options were assigned a rank of 5,
as they both achieved LOS A, which is the highest possible score.

•

Safety: Our team felt safety was the most vital element of the project; thus, we
assigned it a weight of 5. Safety takes numerous aspects into account and deals
directly with property damage, injuries, and/or fatalities occurring on the
roadway.
o The existing section’s rank is 3. This intersection is over capacity, has a
larger number of conflict points, and has a high percentage of rear-end
crashes. The one-lane alternative was ranked 5, as it has the least
number of conflict points, properly meets traffic capacity, and has the
lowest crash counts of all three designs. The two-lane roundabout was
given a rank of 2 because it meets capacity, but it also has the highest
number of crashes. The two-lane design also introduces additional
conflict points compared to the two-lane design.

•

Ease of Use: This element was viewed as beneficial but not crucial to our design,
so it was given a weight value of 2. It’s more important to ensure the
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intersection is operational and traffic flow is consistent, but ease of use through
the intersection must still be accounted for.
o The existing section was assigned a 3, as it’s easy to maneuver, but is
more complicated than a roundabout. The one-lane alternative was
ranked a 4, as it is the simplest to drive through of the three options.
However, it’s a common public opinion that roundabouts are more
difficult to use, so we didn’t assign it a 5. The two-lane was given a 2, as
two circulating lanes introduces an increase in driver difficulty.
•

Sustainability: This category was assigned a weight of 4. To give the proper
weight in this case, economic and transportation sustainability was considered.
o The existing roadway was given a rank of 2, as the large number of
vehicle stop/start traffic introduces additional emissions, and the
signalized intersection requires continuous electrical costs. The one and
two-lane alternatives were both ranked a 5, as they would
reduce/eliminate both of these aspects.

•

Traffic Capacity: Traffic capacity is considered in the safety category, but our
team viewed this category crucial to be ranked individually. Therefore, this
aspect was given a ranking of a 2.
o The existing section was ranked 2. This is due to the major intersection
consistently going beyond capacity. The one-lane option ranked in at a 5
since capacity is properly met for the entire design life. The two-lane
design has a rank of 3 since it would not reach half of its allowed capacity.
Being under capacity, rather than above, is a better alternative, which is
why it’s rated higher than the existing intersection.

28

Figure 3.9: Roundabout Signage

Figure 3.10: Roundabout Lane Assignment
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Figure 3.9 shown above follows MDOT’s Standard Highway Regulatory and Warning
Signs to be placed near a roundabout. Figure 3.10 shows an example “roundabout ahead” sign
with each exit lane specified for northbound Clare Avenue traffic. We will include a small speed
reduction sign reading 20mph below each of these signs and place them on every side of the
roundabout. These signs showcase the roundabout signage and lane assignment to be used in
the design, with no pedestrian signage included. Also, our one-lane roundabout design will
require three additional merging signs for the lane reduction on Clare Avenue’s southern leg.
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4.0 Pavement Design
Hot Mix Asphalt (HMA) is a widely used material all over the globe for roadway surfaces.
There are many benefits to choosing this material over its number one competitor, concrete.
HMA is placed in several layers, which include a base course, leveling course, and a top course
for the vehicles to travel on. Under these layers, there is normally 6 inches of aggregate base
that sits on top of 12 inches of sand subbase. With these materials working in parallel, it creates
a strong enough roadway to handle passenger cars and semi-trucks.
There are several different mixes that have been designed by Michigan Department of
Transportation, which thrive in certain scenarios. Along with the different mixes, there are
different binder grades that can be used. Each binder works differently with the small
aggregates that are included in the HMA and helps bond them together.
Below in Table 4.1, there are several different mix designs that have been prepared by
MDOT. This table is a function of the Average Daily Traffic. For the location of the proposed
roundabout, the ADT would fall between 1,001-3,400 vehicles. Based on this result, we would
be required to pave a base layer of 3E10, a leveling layer of 4E10, and a top course of 5E10 or
4E10. For constructability purposes, our team has designed this roundabout to use 4E10 for
both the leveling and top course. Since this project does not take place in the Superior or Metro
region, PG64-28 will be used as a binder grade.
Roundabouts are highly susceptible to rutting as every vehicle that passes through takes
the same path, and the wheel paths are virtually in the same location. To help mitigate this
problem, we our has increased the binder strength and incorporated a mix that has a higher
strength. This is referred to as a High Stress Hot Mix Asphalt Mixture. This type of mixture is
available for all three of the layers of asphalt, in both 3E10 and 4E10.
MDOT specifies a maximum grade of 3% for freeways and major trunklines and 4% for
secondary and county roads. However, the typical slope of secondary roadways is 2%, so that is
the grade we are using for all roadway reconstruction. MDOT’s Roundabout Guidance
Document specifies that the circulating lane slopes 1.5% away from its center.
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Table 4.1: MDOT Suggested HMA Types

Another important aspect to pavement design is analyze the structural number of the
roadway. The structural number is a function of the roadway thickness, as well as the base and
subbase that the HMA rests on. There are also drainage coefficients that can change based on
the underlying material. The standard lift size for using HMA is a 3-inch base course, a 2-inch
leveling course, and a 2-inch top course. Using these values, the structural number was
calculated below.
Structural Number Calculation (AASHTO Pavement Design):
𝑆𝑁 = 𝑎$ 𝐷$ + 𝑎! 𝐷! 𝑀! + 𝑎% 𝐷% 𝑀%
Where:
•
•
•

ai – Structural layer coefficients (very with each different material)
Di – Layer thickness/depth (inches)
Mi – Drainage coefficients (assumed to = 1 for base, & conservatively = 0.8 for
subbase)
Layer 1 consists of the top & levelling HMA layers, layer 2 is the HMA base course, and layer 3 is
the combined aggregate & sand subbase.
𝑆𝑁 = 0.44 ∗ (2 + 2) + 0.4 ∗ 3 + 0.1 ∗ (6 + 12) ∗ 0.8 = 𝟒. 𝟒
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AASHTO specifies the range of structural numbers as 0 through 5, with 0 being
impossible to travel and 5 being perfect condition. There are also initial serviceability index
minimum values laid out for rigid and flexible pavements. The minimum structural number for
flexible pavements is 4.2, which is below our current SN value, even after using a conservative
drainage coefficient for our subbase layer.
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5.0 Park & Ride Design
The existing Park & Ride located in the southeast quadrant of the existing intersection is
crowded and over capacity during peak hours of daily travel. Due to the existing roadway
undergoing major realignment, some changes to the driveway of the Park & Ride were
necessary. Our team considered leaving the existing 38 space, 15,000 square foot facility as is,
apart from extending the drive; however, we engineered a more efficient plan for the space.

Figure 5.1: Existing Park & Ride Geometry
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Figure 5.2: Roundabout Design with Existing Park & Ride Geometry
Based off of the realignment of Colonville Road, the area around the existing Park &
Ride increased where it would only be used as an area of vegetation. Our team saw this as an
opportunity to expand the overflowing facility and increase the number of parking spaces by
53%, while only increasing the area by 27%. This is a much better use of the existing space, as it
will accommodate more users every day.
This newly integrated Park & Ride features 58 angled parking spots. The angled parking
spots are more efficient for drivers, as they have to enter and exit the parking spot at a 45°
angle. Entering and exiting at that angle increases the ease of parking and increases the sight
around the vehicle, reducing the contact between vehicles in the parking lot. Figure 5.3 shown
below outlines the new park & ride design with the implementation of angled parking spots.
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Figure 5.3: Angled Parking Park & Ride Design

Table 5.1: Weighted Chart for Park & Ride Alternatives

Table 5.1 shows a weighted chart calculating which Park & Ride alternative will be most
effective based on the criteria listed in the second row. The weighted values and individual
rankings follow the same 1 through 5 system as Table 3.3. This ranking system outputs a
positive relationship; the higher the total score, the more ideal the alternative. Therefore,
angled parking is the best design option of the two.

36

There are six different criteria elements that were considered within this weighted
alternate matrix. The weights associated with each of these elements, as well as rankings, were
determined as follows:
•

•

•

•

•

Cost: This category was weighted at 4. We felt that other aspects were more
vital to the project than the cost; however, this is still a crucial part of any
construction project and should be properly considered.
o The existing section has a rank of 5, as the driveway extension would be
the only construction cost. The angled parking has a rank of 3, because
we are adding roughly another 27% of HMA area, which would increase
construction costs considerably.
Parking Capacity: This was assigned a weight of 5, due to the existing parking lot
often reaching or being close to capacity. An increase in parking spaces would
relieve a lot of congestion in this lot.
o The existing area was scored a 3, as parking capacity is lacking, and the
parking spaces vary widely in size, commonly occurring in vehicles
double-parking. The new alternative was ranked a 5, as it increases the
number of spaces from 38 existing spots to 58 new parking spots.
Safety: Our team felt this was the most vital element of the park; thus, we
assigned it a weight of 5. Safety takes numerous aspects into account and deals
directly with property damage, injuries, and/or fatalities that may occur.
o The existing lot’s rank is a 3. This is due to the current layout having no
driving structure, leading to possible crashes all throughout the lot. Also,
the inconsistency of parking spot sizes could cause collisions with parked
vehicles. The angled parking alternative is ranked a 4, as the parking spot
orientation provides structure for drivers, and all the spaces are
uniformly sized.
Ease of Use: This element was viewed as crucial to our design, but the safety and
capacity categories touch on this aspect as well, so it was given a weight value of
3. It’s important to ensure drivers can easily maneuver through the lot and avoid
unnecessary, low-speed crashes.
o The existing section was assigned a 3, because of the same reasoning as
listed above. It’s more difficult for drivers to avoid each other in the
current lot, and the driver structure that the new alternative provides led
to a ranking of 5 for this criterion.
Sustainability: This category was assigned a weight of 4. To give the proper
weight in this case, economic and transportation sustainability was considered.
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o Both the existing and the angled parking alternatives were ranked a 5, as
keeping the existing lot wouldn’t cost anything, and the new option
would have initial construction costs, but improve sustainability going
forward.
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6.0 Cost Estimate
A detailed cost estimate for all elements of the project was performed. In preliminary
stages, the cost estimate was broken down into four categories: miscellaneous project costs,
roundabout costs, traffic control and signs, and the park & ride. Working in parallel with
generating the construction schedule, a list of items was compiled from the 2019 MDOT
Weighted Average Price Report. Each year, MDOT releases a large spreadsheet that lists all
items and the corresponding prices of each item from the previous year. Using the proposed
design files in AutoCAD, a precise quantity take off was done for all elements in different
sections.
It was found that the total cost for the park & ride was $98,162, which this includes the
expansion and resurfacing of the entire lot. For this portion of the project the most significant
cost was the HMA. In the areas of reconstruction, there are over four inches of HMA to ensure
it was thick enough to hold the loadings of the vehicles on it. Over the entire lot, a new surface
will be placed at a thickness of 1.5 inches to make everything match and increase the life of the
existing.
The next portion of the estimate consisted of the temporary traffic control devices and
permanent signs. For all traffic related items, it was found that the cost was $191,425. Due to
the rural area, a total closure will not be practical, therefore, we will have to maintain traffic
through the construction zone. Some of the temporary traffic control items included signs,
channelizing devices, barricades, and also temporary traffic signals. All of the permanent signs
that were included in our estimate were only the necessary signs to replace signs that had to be
removed, and also the additional signs that were required for the newly placed roundabout.
Following the temporary traffic control devices, the most important portion of our
estimate was the roundabout itself. There are many different aspects that need to be
considered when compiling an estimate for a roundabout. The largest cost of the roundabout
was the Asphalt. After completing a proper quantity takeoff for all of the items included in the
roundabout design, the total cost for the construction of the one-lane roundabout was
$908,882.
The final portion of the estimate includes all of the miscellaneous items such as
mobilization, project cleanup, contingency and more. The total cost of miscellaneous project
items was $301,225.
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Overall, our team found the total project cost $1,499,700 to complete the roundabout
project at the interchange of US-127, Clare Avenue, and Colonville Road. This total cost is what
the contractor would bill to the owner, therefore it covers all direct and indirect costs for the
contractor.
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7.0 Construction Planning & Scheduling
To develop our construction schedule for the roundabout design, Microsoft Project was
used to create the Gantt Chart shown in Appendix B. The Gantt Chart displays an accurate
schedule for the roundabout design and park and ride redesign. To begin the schedule, we
divided construction into four phases. Phase 1 consists of mobilization and the realignment of
Colonville Road, while maintaining traffic on the existing roadway. Phase 2 consists of
reconfiguring and relocating the park and ride, as well as completing the East half of
construction. Phase 3 includes the completion of the West half of construction. Finally, Phase 4
includes pavement markings, punch list and final completion. The figures in Appendix B show
the four different phases of construction and indicate that the total duration of this project is
75 working days.
Phase 1 consisting of mobilization and re-alignment of Colonville road, while
maintaining traffic on the existing roadway, will begin on Monday, May 2nd. The beginning of
the project requires planning and safety measures to ensure that all aspects of construction are
addressed. The pre-construction meeting requires all involved parties to attend, making sure
everyone is on the same page. This phase consists of mobilization, installing detour signage and
temporary traffic control devices, as well as the project safety meeting to get construction
underway. Once the meeting is complete, construction can begin. Guardrail removal takes
place before excavation can begin for the new Colonville Road. After excavation is complete,
subbase and base are placed, allowing grading before paving of the new Colonville road.
Phase 2 of construction includes the reconfiguration of the park and ride and completion of
the east half of construction for the roundabout. Before construction can begin, the new detour
route signage will be placed for traffic to be redirected around the intersection. Next, HMA will
be milled for the park and ride, with earth excavation occurring around the park and ride to
allow for the expansion. Once the excavation is complete, the east half of Clare Avenue and
Colonville Road will be milled, allowing for the pavement to then be removed. Once pavement
is removed, the excavation for the east half of the roundabout will take place. Storm drain and
curb and gutter will then be installed. After the installation, subbase and base can be applied
for the east half, allowing grading and paving to take place. With the east half of the
roundabout completely paved, the subbase and base for the park and ride will be completed,
allowing for grading and paving of the park and ride to be completed. After the park and ride
paving is completed, shoulder gravel around the outside of the park and ride will be placed and
guardrail will be installed on the east half of the roundabout.
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Phase 3 of construction will cover the west half of construction of the roundabout. This
includes setting up the new detour route to redirect traffic around the intersection. Next, the
west half of Clare Avenue and Colonville Road will be milled. Pavement removal will take place,
allowing for earth excavation for the west half of the roundabout. Storm drain and curb and
gutter will then be installed. After the installation, subbase and base can be applied for the
west half, allowing grading and paving to take place. Finally, guardrail will be installed on the
west half of the roundabout.
Phase 4 of construction is the final phase consisting of pavement markings and punch list.
Once pavement markings are complete, detour signage can be removed, and permanent
signage can be installed. After signage is complete, final restoration and the punch list process
will be completed. Once punch list is completed, substantial completion is met and construction
of the roundabout at Clare Avenue and US-127 is completed. Based on the construction
scheduled developed, we estimate the entire project to conclude on September 16th.
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8.0 Analysis of Alternatives
8.1 Traffic Control Alternatives
Typically, during a construction project there are many possibilities for the redirection of
traffic. This is common in urban areas where there are many options close to the site that
traffic can be rerouted to during construction. However, this is not the case when rural
construction takes place. Often, in rural areas, there are fewer viable options that can
accommodate the additional traffic volumes. If there are minimal options, construction must
take place in a part width manner.
At our project location, construction must take place in a part width manner to keep
traffic flowing on both north and southbound Clare Avenue. In this rural area, there is no other
way to divert traffic for a total closure without adversely affecting surrounding businesses,
commute time, and traffic flow on local roads. For those reasons, it is very important to
maintain traffic flow in at least one lane in each direction on Clare Avenue.
There are two different traffic control plans that are set to be used during the four
phases of construction, including two ramp closures. Our team analyzed the surrounding area
and used a weighted alternative matrix shown in Table 8.1, allowing us to analyze all
alternatives in the same manner. Due to the rural location of our project, the best option was
to implement the two detour routes, as show in section 2.0, Traffic Control. These detour
routes maintain a sustainable traffic flow through the work zone and provide minimal detour
times. The four categories below were weighted on a 1-5 scale and were given individual
weights based on our team’s analysis. Each of the routes were scored on a 1-5 scale with the
highest total score being the best option. Detour routes were the best option for this project.

43

Table 8.1: Traffic Control Alternatives

8.2 Construction Alternatives
During the design of this roundabout, there were some different items that were
considered in terms of construction. The first construction alternative that was considered was
the usage of different HMA mixtures. Using data from MDOT, a few different HMA mixtures
were considered. Based on Table 4.1 in the pavement design section above, there were
different HMA types available. Based off the traffic data, there were two options for the top
layer of HMA, either 3E10 or 4E10 mixture. After analysis, our team concluded that the 4E10
mixture was the best fit for the top layer. This decision was based on the 4E10 mixture being
consistent with the leveling layer. Additionally, there were two options for the strength of the
mix. The two options were standard mix, or high stress mixture. Due to the high probability of
rutting and heavy start and stop traffic a high stress mixture was preferred.
Another alternative that was considered was the expansion and design of the Park & Ride.
Due to the high congestion of the existing Park & Ride, this was a great time to expand the lot.
However, there were many different alternatives to choose from while doing so. One proposed
way was to expand the parking area and leave the perpendicular parking. Another proposed
option was to change nothing. And the final options was to expand the parking area and
implement angled parking. As shown in Table 5.1 in the Park & Ride section, it was evident
after analysis that the best option for the area was to expand the Park & Ride and change the
perpendicular parking to angled parking.
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As discussed in the previous section, it is by preference of the owner and ease of users
to have part width detour routes. Details regarding part width construction versus total closure
can be found in section 8.1, Traffic Control Alternatives.
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9.0 Elements of Sustainability
To account for sustainability in the construction of a roundabout at Clare Avenue and US127, there were numerous variables that were taken into account. We are minimizing material
usage by designing our roundabout large enough to account for semi-trucks and heavy vehicles.
The existing intersection has many heavy vehicles due to a trucking company, Northern
Logistics Worldwide, located roughly one mile east. We’re designing the placement of the
roundabout to produce minimal roadway reconstruction areas. Additionally, we are replacing
two separate intersections with a single roundabout, which would serve to reduce material
usage in the case of any future reconstruction projects.
Another aspect of sustainability within our project would be the power consumption
savings. My team is replacing a signalized intersection with a roundabout that uses no power
for signal indications which will result in a 100% reduction in electricity usage. The final aspect
considered regarding sustainability was the reduction in emissions. It is known that gas
powered vehicles produce the most emissions while idling. By reducing the stoppage time of all
vehicles there will in turn be a reduction in idling time and therefore a large reduction in
emissions produced at the intersection.
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10.0

Conclusion

To conclude, our senior design group completed a multitude of evaluations to determine
the best alternative to the existing three way stop and park & ride at Clare Ave and Colonville
Road in Clare County, Michigan. A full traffic analysis was done utilizing 2016 traffic counts
from MDOT, a geographic analysis was completed to determine the best possible location of
the park & ride to incorporate it into our new intersection design. Along with the intersection
redesign and park & ride relocation, a complete traffic control plan was done to keep the
intersection partly open during all phases of construction. To accompany the design and traffic
control plan, a complete project estimate and schedule were finished. By using MDOT
Weighted Average Item Price Report and quantity take off, our team was able to estimate the
final cost of the project including all labor, materials, and contingencies. The project schedule
was based on internship experience and communication with our sponsor to get our best
estimate of the duration of all activities in the project.

10.1

Deliverables Accomplished
•
•
•
•
•

10.2

Full Roundabout Design
Park & Ride design
Traffic Control Plan
Detailed Cost Estimate
Full Construction Schedule

Recommendations

For this intersection improvement, it was found that the best option was to construct a
single lane roundabout with a bypass lane from westbound Colonville Road to northbound
Clare Avenue. This roundabout will provide a high level of service throughout its total design
life. Additionally, the Park & Ride that is adjacent to the intersection should be expanded from
the existing 38 parking spaces to 58 angled parking spaces. By doing this, congestion will be
relieved and there will be a greater ease of use. The best way to do this construction is to not
have a total closure, but to do construction in a part width manner. By doing construction in a
part width manner, the use of two detour routes should be implemented. The total cost of this
project is $1,499,700 and will take approximately 75 working days to complete.
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Appendix A: Quantity Take-Off Calculations
Park & Ride
𝑆𝑞𝑢𝑎𝑟𝑒 𝑌𝑎𝑟𝑑𝑠 𝑜𝑓 𝐸𝑥𝑖𝑠𝑡𝑖𝑛𝑔 → 1314 𝑠𝑦𝑑
𝑆𝑞𝑢𝑎𝑟𝑒 𝑌𝑎𝑟𝑑𝑠 𝑜𝑓 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 → 2806 𝑠𝑦𝑑
𝐸𝑥𝑐𝑎𝑣𝑎𝑡𝑖𝑜𝑛, 𝐸𝑎𝑟𝑡ℎ →

𝑆𝑢𝑏𝑏𝑎𝑠𝑒, 𝐶𝐼𝑃 →

1492 ∗ 9 ∗ 1.5
= 746 𝑐𝑦𝑑
27

1492 ∗ 9 ∗ 1
= 498 𝑐𝑦𝑑
27

𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒 𝐵𝑎𝑠𝑒, 6 𝑖𝑛𝑐ℎ → 2806 − 1314 = 1492 𝑠𝑦𝑑
𝑆ℎ𝑜𝑢𝑙𝑑𝑒𝑟, 𝐶𝑙 𝐼𝐼, 6 𝑖𝑛𝑐ℎ →

l2(88 + 25) + 2(189)m ∗ 2
= 189 𝑠𝑦𝑑
9

𝑈𝑛𝑑𝑒𝑟𝑑𝑟𝑎𝑖𝑛, 𝑆𝑢𝑏𝑏𝑎𝑠𝑒, 6 𝑖𝑛𝑐ℎ → 122 + 88 + 215 + 88 + 163.4 + 122 = 798 𝑓𝑡
𝑈𝑛𝑑𝑒𝑟𝑑𝑟𝑎𝑖𝑛, 𝑂𝑢𝑡𝑙𝑒𝑡, 6 𝑖𝑛𝑐ℎ → 7 ∗ 15 = 105 𝑓𝑡
𝑈𝑛𝑑𝑒𝑟𝑑𝑟𝑎𝑖𝑛, 𝑂𝑢𝑡𝑙𝑒𝑡 𝐸𝑛𝑑𝑖𝑛𝑔, 6 𝑖𝑛𝑐ℎ → 7 (𝑡𝑜𝑡𝑎𝑙)
𝐻𝑀𝐴 𝑆𝑢𝑟𝑓𝑎𝑐𝑒, 𝑅𝑒𝑚 →

70 ∗ 215 + 32 ∗ 55.5
= 1870 𝑠𝑦𝑑
9

𝐻𝑀𝐴 𝐴𝑝𝑝𝑟𝑜𝑎𝑐ℎ → 10 𝑡𝑜𝑛
𝐻𝑀𝐴 3𝐸10 →

1492 ∗ 110 ∗ 3
= 246.15 𝑡𝑜𝑛
2000

𝐻𝑀𝐴 4𝐸10 → (2 ∗ 82.06) +

2806 ∗ 110 ∗ 2
= 473.11 𝑡𝑜𝑛
2000

𝐶𝑢𝑙𝑣, 𝐶𝑙 𝐴, 15 𝑖𝑛𝑐ℎ → 51 𝑓𝑒𝑒𝑡
Miscellaneous Project Calculations
𝑀𝑜𝑏𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛, 𝑀𝑎𝑥 $71,000 → $71,000
49

𝐺𝑢𝑎𝑟𝑑𝑟𝑎𝑖𝑙, 𝑅𝑒𝑚 → 126 + 56 + 83 + 50 = 315 𝑓𝑡
𝐸𝑚𝑏𝑎𝑛𝑘𝑚𝑒𝑛𝑡, 𝐶𝐼𝑃 →

9585 ∗ 9
= 3195 𝑐𝑦𝑑
27

𝑃𝑟𝑜𝑗𝑒𝑐𝑡 𝐶𝑙𝑒𝑎𝑛𝑢𝑝 → $5,471.46 (𝐿𝑆𝑈𝑀)
𝑆𝑖𝑡𝑒 𝑃𝑟𝑒𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛, 𝑀𝑎𝑥 $2,500 → $2,500 (𝐿𝑆𝑈𝑀)
𝑊𝑎𝑡𝑒𝑟𝑖𝑛𝑔 𝑎𝑛𝑑 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑡𝑖𝑛𝑔, 𝐹𝑖𝑟𝑠𝑡 𝑆𝑒𝑎𝑠𝑜𝑛, 𝑀𝑖𝑛 $1,400 → $1,400 (𝐿𝑆𝑈𝑀)
𝑊𝑎𝑡𝑒𝑟𝑖𝑛𝑔 𝑎𝑛𝑑 𝐶𝑢𝑙𝑡𝑖𝑣𝑎𝑡𝑖𝑛𝑔, 𝑆𝑒𝑐𝑜𝑛𝑑 𝑆𝑒𝑎𝑠𝑜𝑛, 𝑀𝑖𝑛 $1,800 → $1,800 (𝐿𝑆𝑈𝑀)
𝑃𝑖𝑐𝑒𝑎 𝑎𝑏𝑖𝑒𝑠, 6 𝑓𝑜𝑜𝑡 → 20 𝑡𝑜𝑡𝑎𝑙
𝑆𝑙𝑜𝑝𝑒 𝑅𝑒𝑠𝑡𝑜𝑟𝑎𝑡𝑖𝑜𝑛, 𝑇𝑦𝑝𝑒 𝐵
(200 ∗ 276 ∗ .5) + (168 ∗ 85) + (620 ∗ 100) + (262 ∗ 15)
→
+ 500
9
= 12,479 𝑠𝑦𝑑
𝐶𝑜𝑛𝑡𝑟𝑜𝑙𝑒𝑟 𝑎𝑛𝑑 𝐶𝑎𝑏𝑖𝑛𝑒𝑡, 𝑅𝑒𝑚 → 1 (𝐸𝑎)
𝑇𝑜𝑝𝑠𝑜𝑖𝑙, 𝐹𝑢𝑟𝑛, 12 𝑖𝑛𝑐ℎ →

165 ∗ 46 + 100 ∗ 231 + 200 ∗ 91 + 197 ∗ 51
= 6,548 𝑠𝑦𝑑
9

Roundabout
𝑃𝑎𝑣𝑡, 𝑅𝑒𝑚 → y 𝑇𝑜𝑡𝑎𝑙 𝐸𝑥𝑖𝑠𝑡𝑖𝑛𝑔 𝑃𝑎𝑣𝑒𝑚𝑒𝑛𝑡 𝐴𝑟𝑒𝑎 = 9,585 𝑠𝑦𝑑
𝐸𝑥𝑐𝑎𝑣𝑎𝑡𝑖𝑜𝑛, 𝐸𝑎𝑟𝑡ℎ → 9,559 𝑐𝑦𝑑 (𝑆𝑒𝑒 𝐴𝑝𝑝𝑒𝑛𝑑𝑖𝑥 𝐵 𝑓𝑜𝑟 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑖𝑜𝑛)
𝐶𝑢𝑟𝑏 𝑎𝑛𝑑 𝐺𝑢𝑡𝑡𝑒𝑟, 𝑅𝑒𝑚 → 937 𝑓𝑡 (𝐺𝑜𝑜𝑔𝑙𝑒 𝑀𝑎𝑝 𝑀𝑒𝑎𝑠𝑢𝑟𝑚𝑒𝑛𝑡)
𝑆𝑢𝑏𝑔𝑟𝑎𝑑𝑒 𝑈𝑛𝑑𝑒𝑟𝑐𝑢𝑡𝑡𝑖𝑛𝑔 →

9585 ∗ 0.5 ∗ 9
= 1,598 𝐶𝑦𝑑
27
50

𝑆𝑢𝑏𝑏𝑎𝑠𝑒, 𝐶𝐼𝑃 →

9585 ∗ 1 ∗ 9
= 3,195 𝐶𝑦𝑑
27

𝐴𝑔𝑔𝑟𝑒𝑔𝑎𝑡𝑒 𝐵𝑎𝑠𝑒, 6 𝑖𝑛𝑐ℎ → y 𝑇𝑜𝑡𝑎𝑙 𝑃𝑎𝑣𝑒𝑚𝑒𝑛𝑡 𝐴𝑟𝑒𝑎 = 9,585 𝑠𝑦𝑑

𝑆ℎ𝑜𝑢𝑙𝑑𝑒𝑟, 𝐶𝑙 𝐼𝐼, 6 𝑖𝑛𝑐ℎ →

l(312 + 284) ∗ 2 + (200 ∗ 2) + 250m ∗ 4
= 820 𝑠𝑦𝑑
9

𝑈𝑛𝑑𝑒𝑟𝑑𝑟𝑎𝑖𝑛, 𝑆𝑢𝑏𝑏𝑎𝑠𝑒, 6 𝑖𝑛𝑐ℎ → 4 ∗ 130 = 520 𝑓𝑡
𝑈𝑛𝑑𝑒𝑟𝑑𝑟𝑎𝑖𝑛, 𝑂𝑢𝑡𝑙𝑒𝑡, 6 𝑖𝑛𝑐ℎ → 4 ∗ 10 = 40 𝑓𝑡
𝑈𝑛𝑑𝑒𝑟𝑑𝑟𝑎𝑖𝑛, 𝑂𝑢𝑡𝑙𝑒𝑡 𝐸𝑛𝑑𝑖𝑛𝑔, 6 𝑖𝑛𝑐ℎ → 4 (𝑡𝑜𝑡𝑎𝑙)
𝐻𝑀𝐴 𝑆𝑢𝑟𝑓𝑎𝑐𝑒, 𝑅𝑒𝑚 →

232 ∗ (38.9 + 28.9) + 60 ∗ (104 + 109)
= 3,167 𝑠𝑦𝑑
9
𝐻𝑀𝐴 𝐴𝑝𝑝𝑟𝑜𝑎𝑐ℎ → 50 𝑡𝑜𝑛

𝐶𝑜𝑛𝑐 𝑃𝑎𝑣𝑡, 𝐷𝑒𝑐𝑜𝑟𝑎𝑡𝑖𝑣𝑒, 𝑁𝑜𝑛𝑟𝑒𝑖𝑛𝑓, 9 𝑖𝑛𝑐ℎ
→ z𝜋 ∗ 56! + |50 ∗

8 + 15
1
} + (140 ∗ 8) + (250 ∗ 25)~ ∗ = 1977 𝑠𝑦𝑑
2
9

𝐷𝑟𝑖𝑣𝑒𝑤𝑎𝑦, 𝑁𝑜𝑛𝑟𝑒𝑖𝑛𝑓 𝐶𝑜𝑛𝑐, 6 𝑖𝑛𝑐ℎ →

250 ∗ 15
= 417 𝑠𝑦𝑑
9

𝑃𝑎𝑣𝑡 𝑀𝑟𝑘𝑔, 𝑃𝑜𝑙𝑦𝑢𝑟𝑒𝑎, 𝑌𝑖𝑒𝑙𝑑 → 3 (𝐸𝑎)
𝑃𝑎𝑣𝑡 𝑀𝑟𝑘𝑔, 𝑃𝑜𝑙𝑦𝑢𝑟𝑒𝑎, 12 𝑖𝑛𝑐ℎ 𝐶𝑟𝑜𝑠𝑠 𝐻𝑎𝑡𝑐ℎ𝑖𝑛𝑔, 𝑌𝑒𝑙𝑙𝑜𝑤 → 142 𝑓𝑡
𝑃𝑎𝑣𝑡 𝑀𝑟𝑘𝑔, 𝑃𝑜𝑙𝑦𝑢𝑟𝑒𝑎, 12 𝑖𝑛𝑐ℎ, 𝑊ℎ𝑖𝑡𝑒 → 80 𝑓𝑡
𝑃𝑎𝑣𝑡 𝑀𝑟𝑘𝑔, 𝑃𝑜𝑙𝑦𝑢𝑟𝑒𝑎, 𝑆𝑡𝑜𝑝 → 1 𝐸𝑎
𝑃𝑎𝑣𝑡 𝑀𝑟𝑘𝑔, 𝑃𝑜𝑙𝑦𝑢𝑟𝑒𝑎, 𝐿𝑡 𝑇𝑢𝑟𝑛 𝐴𝑟𝑟𝑜𝑤 𝑆𝑦𝑚 → 1 𝐸𝑎
𝑃𝑎𝑣𝑡 𝑀𝑟𝑘𝑔, 𝑃𝑜𝑙𝑦𝑢𝑟𝑒𝑎, 𝑅𝑡 𝑇𝑢𝑟𝑛 𝐴𝑟𝑟𝑜𝑤 𝑆𝑦𝑚 → 2 𝐸𝑎

51

𝑃𝑎𝑣𝑡 𝑀𝑟𝑘𝑔, 𝑃𝑜𝑙𝑦𝑢𝑟𝑒𝑎, 𝑇ℎ𝑟𝑢 & 𝑅𝑡 𝑇𝑢𝑟𝑛 𝐴𝑟𝑟𝑜𝑤 𝑆𝑦𝑚 → 6 𝐸𝑎
𝑃𝑎𝑣𝑡 𝑀𝑟𝑘𝑔, 𝑊𝑒𝑡 𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑣𝑒, 𝑃𝑜𝑙𝑦𝑢𝑟𝑒𝑎, 4 𝑖𝑛𝑐ℎ, 𝑌𝑒𝑙𝑙𝑜𝑤
→ 2 ∗ 312 + 2 ∗ 284 + 150 + 125 + 3 ∗ 12.5 + 307 + 533 + 2 ∗ 360 + 2
∗ 750 + 12.5 ∗ 19 + 3.14 ∗ 160 = 23,780 𝑓𝑡
𝑃𝑎𝑣𝑡 𝑀𝑟𝑘𝑔, 𝑊𝑒𝑡 𝑅𝑒𝑓𝑙𝑒𝑐𝑡𝑖𝑣𝑒, 𝑃𝑜𝑙𝑦𝑢𝑟𝑒𝑎, 4 𝑖𝑛𝑐ℎ, 𝑊ℎ𝑖𝑡𝑒
→ 12.5 ∗ 12 + 12.5 ∗ 12 + 150 + 370 ∗ 2 + 530 ∗ 2 = 2,250 𝑓𝑡
𝑅𝑒𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑃𝑎𝑣𝑒𝑚𝑒𝑛𝑡 𝑀𝑎𝑟𝑘𝑖𝑛𝑔𝑠, 𝐿𝑜𝑛𝑔𝑖𝑡 → 23,730 + 80 + 2250 = 26,110 𝑓𝑡
𝑅𝑒𝑐𝑒𝑠𝑠𝑖𝑛𝑔 𝑃𝑎𝑣𝑒𝑚𝑒𝑛𝑡 𝑀𝑎𝑟𝑘𝑖𝑛𝑔𝑠, 𝑇𝑟𝑎𝑛𝑠 → 55 𝑓𝑡
𝐶𝑢𝑟𝑏 𝑎𝑛𝑑 𝐺𝑢𝑡𝑡𝑒𝑟, 𝐶𝑜𝑛𝑐, 𝐷𝑒𝑡 𝐵2
→ (3.14 ∗ 56 ∗ 2) + (3.14 ∗ 80 ∗ 2 − 7 ∗ 12) + (3.14 ∗ 150 ∗ 2 ∗ .25 ∗∗ 2) + 50
+ 130 ∗ 2 + 100 + 1068 + 375 = 3,095 𝑓𝑡
𝐺𝑢𝑎𝑟𝑑𝑟𝑎𝑖𝑙, 𝑇𝑦𝑝𝑒 𝑀𝐺𝑆 − 8 → 315 𝑓𝑡
9216 ∗ 330
𝐻𝑀𝐴, 3𝐸10 𝐻𝑖𝑔ℎ 𝑆𝑡𝑟𝑒𝑠𝑠 →
= 1,521 𝑡𝑜𝑛
2000
𝐻𝑀𝐴, 4𝐸10 𝐻𝑖𝑔ℎ 𝑆𝑡𝑟𝑒𝑠𝑠 →

9216 ∗ 220
∗ 2 = 2,028 𝑡𝑜𝑛
2000

Traffic Control
𝑃𝑜𝑠𝑡, 𝑊𝑜𝑜𝑑, 4 𝑖𝑛𝑐ℎ 𝑏𝑦 6 𝑖𝑛𝑐ℎ → 28 𝑓𝑡
𝑆𝑖𝑔𝑛, 𝑇𝑦𝑝𝑒 𝐼𝐼, 𝑅𝑒𝑚 → 5 𝐸𝑎
𝑆𝑖𝑔𝑛, 𝑇𝑦𝑝𝑒 𝐼𝐼𝐴 → 122.44 𝑠𝑓𝑡
𝑆𝑖𝑔𝑛, 𝑇𝑦𝑝𝑒 𝐼𝐼𝐼, 𝑅𝑒𝑚 → 18 𝐸𝑎
𝑆𝑖𝑔𝑛, 𝑇𝑦𝑝𝑒 𝐼𝐼𝐼𝐴 → 140.81 𝑆𝑓𝑡
𝐿𝑖𝑔ℎ𝑡𝑒𝑑 𝐴𝑟𝑟𝑜𝑤, 𝑇𝑦𝑝𝑒 𝐶, 𝐹𝑢𝑟𝑛 → 4 𝐸𝑎

52

𝐿𝑖𝑔ℎ𝑡𝑒𝑑 𝐴𝑟𝑟𝑜𝑤, 𝑇𝑦𝑝𝑒 𝐶, 𝑂𝑝𝑒𝑟 → 4 𝐸𝑎
𝑀𝑖𝑛𝑜𝑟 𝑇𝑟𝑎𝑓 𝐷𝑒𝑣𝑖𝑐𝑒𝑠 → 96,572 𝐿𝑠𝑢𝑚
𝑃𝑙𝑎𝑠𝑡𝑖𝑐 𝐷𝑟𝑢𝑚, 𝐻𝑖𝑔ℎ 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦, 𝐹𝑢𝑟𝑛 → 30 𝐸𝑎
𝑃𝑙𝑎𝑠𝑡𝑖𝑐 𝐷𝑟𝑢𝑚, 𝐻𝑖𝑔ℎ 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦, 𝑂𝑝𝑒𝑟 → 30 𝐸𝑎
𝑆𝑖𝑔𝑛 𝐶𝑜𝑣𝑒𝑟 → 7 𝐸𝑎
𝑆𝑖𝑔𝑛, 𝑇𝑦𝑝𝑒 𝐵, 𝑇𝑒𝑚𝑝, 𝑃𝑟𝑖𝑠𝑚𝑎𝑡𝑖𝑐, 𝐹𝑢𝑟𝑛 → 942 𝑠𝑓𝑡
𝑆𝑖𝑔𝑛, 𝑇𝑦𝑝𝑒 𝐵, 𝑇𝑒𝑚𝑝, 𝑃𝑟𝑖𝑠𝑚𝑎𝑡𝑖𝑐, 𝑂𝑝𝑒𝑟 → 942 𝑠𝑓𝑡
𝑇𝑟𝑎𝑓, 𝑅𝑒𝑔𝑢𝑙𝑎𝑟 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 → 32,102 𝐿𝑠𝑢𝑚
𝐵𝑎𝑟𝑟𝑖𝑐𝑎𝑑𝑒, 𝑇𝑦𝑝𝑒 𝐼𝐼𝐼, 𝐻𝑖𝑔ℎ 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦, 𝐷𝑜𝑢𝑏𝑙𝑒 𝑆𝑖𝑑𝑒𝑑, 𝐿𝑖𝑔ℎ𝑡𝑒𝑑, 𝐹𝑢𝑟𝑛 → 13 𝐸𝑎
𝐵𝑎𝑟𝑟𝑖𝑐𝑎𝑑𝑒, 𝑇𝑦𝑝𝑒 𝐼𝐼𝐼, 𝐻𝑖𝑔ℎ 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦, 𝐷𝑜𝑢𝑏𝑙𝑒 𝑆𝑖𝑑𝑒𝑑, 𝐿𝑖𝑔ℎ𝑡𝑒𝑑, 𝑂𝑝𝑒𝑟 → 13 𝐸𝑎
𝐶ℎ𝑎𝑛𝑛𝑒𝑙𝑖𝑧𝑖𝑛𝑔 𝐷𝑒𝑣𝑖𝑐𝑒, 42 𝑖𝑛𝑐ℎ, 𝐹𝑢𝑟𝑛 → 162 𝐸𝑎
𝐶ℎ𝑎𝑛𝑛𝑒𝑙𝑖𝑧𝑖𝑛𝑔 𝐷𝑒𝑣𝑖𝑐𝑒, 42 𝑖𝑛𝑐ℎ, 𝑂𝑝𝑒𝑟 → 162 𝐸𝑎
𝑃𝑇𝑆, 𝑆𝑦𝑠𝑡𝑒𝑚, 𝑇𝑒𝑚𝑝, 𝐹𝑢𝑟𝑛 → 3 𝐸𝑎
𝑃𝑇𝑆, 𝑆𝑦𝑠𝑡𝑒𝑚, 𝑇𝑒𝑚𝑝, 𝑂𝑝𝑒𝑟 → 3 𝐸𝑎
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Appendix B: Detailed Quantities

Figure B.1: Earth Excavation Quantity Take Off

Figure B.2: Permanent Sign Quantity Take Off
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Table B.1: Detour Route 1 Quantity Take Off

Table B.2: Detour Route 2 Quantity Take Off
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Table B.3: Signs Around Work Zone Quantity Take Off

Figure B.3: Phase 1 Gantt Chart

Figure B.4: Phase 2 Gantt Chart
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Figure B.5: Phase 3 & 4 Gantt Chart
Table B.4: Roundabout Detailed Estimate
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Table B.5: Park & Ride Detailed Estimate

Table B.6: Traffic Control Detailed Estimate

Table B.7: Miscellaneous Detailed Estimate
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Table B.8: Total Cost Estimate

Figure B.6: Pavement Design Cross-Section
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Appendix C: Traffic Control Details

Figure C.1: Detour 1 Sign Layout WB-10 (1)

Figure C.2: Detour 1 Sign Layout WB-10 (2)
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Figure C.3: Detour 1 Sign Layout WB-10 (3)
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Figure C.4: Detour 1 Sign Layout WB-10 (4)
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Figure C.5: Detour 1 Sign Layout WB-10 (5)
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Figure C.6: Detour 1 Sign Layout NB-127 (1)
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Figure C.7: Detour 1 Sign Layout NB-127 (2)
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Figure C.8: Sign Layout for Closed Exit 160
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Figure C.9: Detour Route 2 Sign Layout Around Site
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Figure C.10: Detour Route 2 Sign Layout (1)
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Figure C.11: Detour Route 2 Sign Layout (2)
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Figure C.12: Traffic Signs Around Construction Site
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Appendix D: Miscellaneous Figures and Tables

Figure D.1: Right of Way Map
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