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MANAGED LANE ENGINEERING
ANALYSIS

This chapter presents information on the basic elements of design for Managed Lane
facilities, including desired design values and cross sections. The section addresses
typical design issues but does not attempt to address every possible design that may
arise during detailed engineering analysis. Further materials regarding the design
issues of managed lanes and high-occupancy vehicle facilities are contained in the HOV
Systems Manuall and the Guide for High-Occupancy Vehicle (HOV) Facilities2.

Geometric Considerations for Managed Lanes

When any transportation project reaches final design, the project owner and its partners
must engage in even more detailed planning and design to ensure all aspects of
Managed Lane operational strategies are considered and assessed for a particular
corridor and facility. The following sections describe the components of initial project
design criteria considered during this initial planning study. By understanding and
addressing some fundamental design criteria at this stage in the development process,
future larger issues can be avoided. Further, in an era experimenting with innovative
project delivery, generating preliminary design concepts during the planning phase
reduces the unknowns and exposes risk early in the project development process.

Design parameters directly impact project design. Careful consideration of these issues
at the facility level can help ensure that the Managed Lane’s operational strategy is
effective in meeting the goals and objectives of the corridor, enhance operational
flexibility, and optimize use over the life of the project. These parameters include, but
are not limited to, the following:

= Design vehicle;
= Design speed;
= Access control, design, and spacing;

= Signing;
= Driver information;
= Safety;

! Texas Transportation Institute, Parsons, Brinckerhoff, Quade, and Douglas, and Pacific
Rim Resources. NCHRP Report 414: HOV Systems Manual. TRB, National Research
Council, Washington, D.C., 1998.

? Technical Committee on Public Transportation Facilities Design, AASHTO Subcommitee on
Design. Guide for High-Occupancy Vehicle (HOV) Facilities. American Association of State
Highway and Transportation Officials, Washington, D.C., 2004.
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= Design exceptions;

= Toll collection;

= Interoperability;

» Incident management; and

= Design flexibility for future needs.

Consideration of these design factors is necessary to ensure critical design features are
considered during preliminary design. A summary of each design element is presented
in the follow sections.

Context

The design of any major roadway facility considers broad ranging criteria, standards,
controls, and even desires. Managed Lanes investments are envisioned to be retrofitted
into existing Interstate corridors making right-of-way constraints and existing operations
key challenges when considering ideal design standards. There are numerous entities
that have a vested interest in how Managed Lanes are designed and operated.
Individual interests could conflict with each other or engineering, operational, or financial
realities. In many circumstances competing interests will have to be negotiated and a
compromise reached. Table 1 list groups potentially involved in the design and
operation of Managed Lanes.

Table 1: Agencies and Groups Involved in Designing Managed Lanes
Facilities®

Agency or Group Potential Roles and Responsibilities

®  Overall project management responsibilities for
Interstate projects

Georgia Department of Transportation B Responsible for design of facilities on interstate
rights of way

®  Staffing of multi-agency or multi-division team

® Funding support for facility design

: : L ® Technical assistance
Federal Agencies (Federal Highway Administration
and Federal Transit Administration) ® Possible approval of design or steps in design

process

® Participate on multi-agency team

" Provide information on trucking origins and
Trucking Industry destinations

" Training of drivers on facility use for trucks

$ Adapted from: C.A. Fuhs, High-Occupancy Vehicle Facilities: A Planning, Design, and Operation Manual.
Parsons Brinckerhoff, Incorporated, New York, New York, 1990.
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Agency or Group Potential Roles and Responsibilities

Design and operations go hand-in-hand. As mentioned previously, due to corridor
realities a full design may not be possible given the constraints. If this is the case,
operational management should be examined early to ensure a safe and efficient
managed lane facility. While full designs are the goal of each project, right-of-way,
financing, etc. are major ideal design standards. A summary of the relationships
between design standards and operational management is presented in Table 2. Taking
these realities into consideration, the following sections describe ideal standards but also
introduce opportunities for design exceptions. Reduced designs must be considered on
an individual basis and be acceptable to those with a stake in the facility.

Atlanta Regional Managed Lane System Plan
Georgia Department of Transportation, Office of Planning
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Table 2. Operational Treatments Needed for Full and Reduced Design
Standards*

Level of
Operational Examples of Operational Treatments
Treatments

Design
Standards

Design Vehicle

The physical and operating characteristics of the design vehicle influence the design of
the Managed Lane facility. The users of the proposed facility are a mix of vehicles,
including cars, vans, buses and trucks. Table 3 lists the vehicles dimensions of various
vehicle types. The typical dimensions and turning radii for design vehicles are included
in the American Association of State Highway and Transportation Officials (AASHTO)
Green Book.

The design vehicle is used to control the geometrics of the Managed Lanes facilities.
Acceleration and deceleration lengths, curve radii and sight distance (horizontal and
vertical) are the most critical factors. In summary, horizontal design features should
consider larger vehicles (buses and trucks) whereas vertical features should consider
smaller vehicles (passenger cars).

¢ Adopted from: Texas Transportation Institute, Parsons, Brinckerhoff, Quade, and Douglas, and
Pacific Rim Resources. NCHRP Report 414: HOV Systems Manual. TRB, National Research
Council, Washington, D.C., 1998.
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Table 3: Managed Lanes Facility Vehicle Dimensions

Design Overhang Wheelbase
Vehicle Width Length
Type Front Rear WB1 WB2

Passenger | 4 o5 1, 71t 19 ft. 3t 5 ft. 111t -
Car
g‘lﬁr'c'ty 121t 8.5 ft. 45 ft 6 ft. 8.5 ft. 2651t | 40ft
Interstate 43.4-
Semitrailer 13.5 ft. 8.5 ft. 73.5 ft. 4 ft. 2.5-4.5 ft. 21.6 ft. y
Truck 45.4 ft.

Design Speed

In the majority of the segments, it is anticipated that the design speed on the Managed
Lanes will be the same as the General Purpose lanes. There may be specific locations
where design features dictate a slower speed. The design speed is closely related to
the anticipated posted speed limit and the anticipated maximum speed the facility will
experience.

Table 4 summarizes design speeds associated with various managed lanes applications
as reported in NCHRP Report 141. These design speeds offer typical speeds under

generic conditions; however, the design speed of a specific facility should consider the
user groups, design criteria, gradients, and local operating conditions.

Table 4: Examples of Typical Design Speeds for Managed Lanes Facilities®

Typical Design Speed (mph)

Types of Managed lanes

Reduced Desirable
Barrier Separated 50 70
Concurrent Flow 50 60
Contraflow 30 50

Horizontal Clearance

° Adopted from: American Association of State Highway and Transportation Officials. A Policy on
Geometric Design of Highways and Streets. American Association of State Highway and
Transportation Officials, Washington, D.C., 2004.

® Adopted from: Texas Transportation Institute, Parsons, Brinckerhoff, Quade, and Douglas, and
Pacific Rim Resources. NCHRP Report 414: HOV Systems Manual. TRB, National Research
Council, Washington, D.C., 1998.
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For horizontal clearances, 10 feet is the desired clearance; however, in limited
circumstances this could be reduced, at a minimum 2 feet, to accommodate barriers and
signing columns.

Vertical Clearance

In the application of Managed Lanes as complementary lanes to interstate General-
Purpose lanes, a standard vertical clearance of 16 feet applies.

Stopping Sight Distance

The design of Managed Lanes facilities should provide adequate stopping sight distance
for all vehicle types using the facility. Due to the lower driver's eye height, automobiles
are typically used in the determination of stopping sight distance.

Superelevation

Superelevation rates on Managed Lanes will be based on the design speed and number
of lanes on an urban interstate. Table 5 presents allowable and desirable superelevation
rates.

Table 5: Managed Lanes Superelevation Rates’

Maximum Superelevation, e (ft/ft)

Design Speed

Allowable Desirable
40 - 50 0.06 0.04
50-70 0.06 0.04
Cross Slope

The normal crown cross slope of the Managed Lanes facility should generally conform to
that of the adjacent General Purpose lanes, typically 2 percent. For roadway cross-
sections with five or more lanes, the typical uniform cross slope of 2 percent may not be
sufficient, requiring the outside lane(s) to be modified.

Horizontal Curvature

The horizontal alignment of the Managed Lanes should be designed to ensure all design
vehicles can safely negotiate all curves. Table 6 presents desirable and reduced radii
for horizontal curves. These reduced radii are based on en,= 6 percent and the
desirable radii are based on e, = 4 percent. Values for minimum horizontal curve radii
should be used sparingly and only when justified.

! Adopted from: American Association of State Highway and Transportation Officials. Guide
for High-Occupancy Vehicle (HOV) Facilities. Highway and Transportation Officials,
Washington, D.C., 2004.
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Table 6: Minimum Radii for Managed Lane Horizontal Curvature®

Radii (ft.)

Design Speed

Reduced Desirable

Vertical Curvature

It is anticipated that Managed Lane facilities will follow existing vertical curvature.

Gradients

Managed Lanes gradients should be consistent with current AASHTO guidance to
ensure both safety and consistency. Table 7 presents maximum desirable grades by
facility type. In critical locations, grades could exceed the recommended values if
deemed necessary, however, grades in excess of those recommended would require a
design variance.

Table 7: Recommended Maximum Grades’

Facility Type

Freeway Level Freeway Rolling

Mainline (70 mph) 3 percent 4 percent

Summary of Managed Lane Mainline Design Criteria
Table 8 provides a summary of the design features discussed in the previous sections.

8 Adopted from: American Association of State Highway and Transportation Officials. A Policy on Geometric
Design of Highways and Streets. American Association of State Highway and Transportation Officials,
Washington, D.C., 2004.

° Adopted from: American Association of State Highway and Transportation Officials. Guide for
High-Occupancy Vehicle (HOV) Facilities. Highway and Transportation Officials, Washington,
D.C., 2004.
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Table 8: Summary of Managed Lane Mainline Design Criteria

Desirable Reduced

Design Speed

70 mph 50 mph

Cross Section for Managed Lanes

This section describes desirable and reduced cross sections for Managed Lane facilities.
Cross section design considerations must account for efficient and effective operation,
safety, and enforcement.

Managed Lanes as envisioned in this study are exclusive facilities that are separated
from the General Purpose lanes by either a barrier or buffer.

In this application, Managed Lane facilities would be constructed in the existing right-of-
way where applicable but are physically separated and are managed through eligibility,
access, and price. Design considerations are similar to that of traditional freeway or
HOV lane design with the exception of a barrier or buffer. The following design
components were considered:

= Median Component;
= Lane Component; and
» Lane Separation.

The illustrations below describe typical cross sections followed by a brief description of
each design component.

Atlanta Regional Managed Lane System Plan
Georgia Department of Transportation, Office of Planning
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Bi-Directional At-Grade

The cross sections shown in Figure 1 on the following pages are for the bi-directional at
—grade alternatives.

The bi-directional at-grade alternatives are comprised of three primary typical sections
and four variations of each of those, for a total of twelve typical sections. The 2+2"° lane
alternative includes a total of four at-grade managed lanes in each direction, two truck
only lanes and two lanes for other eligible vehicles. The 3-lane alternative provides
three managed lanes in each direction. It is assumed the three lanes will be a mixture of
eligible vehicles, including trucks. The 2-lane alternative includes two managed lanes in
each direction. For this alternative, the two lanes would be designated either truck only
lanes or other eligible vehicle lanes. Using these three basic alternatives, the next
consideration was lane separation, i.e. if the managed lanes would be barrier or buffer
separated from the general purpose lanes. In the 2+2 lane barrier alternatives, the
managed lanes would also be separated by barrier. The final progression in developing
the bi-directional at-grade typical sections was to consider the desirable and reduced
alternatives for each. In the desirable case, the typical sections were developed using
the recommended dimensions. In the reduced case, reduced shoulder widths and lane
widths were considered. However, in the 2+2 lane reduced alternatives, the lane widths
for one set of the managed lanes could not be reduced due to truck usage.

Figure 1: Bi-Directional At-Grade Cross Sections

2+2 Barrier Desirable

¢

I, 81ft <

™~ 1
| 1061t \l/ 12ft*2 =241t > 16.5 ft <. 12ft*2=24ft <. 16.5ft! N
< Z g < Za g ra

General
Purpose
Lanes

Managed Lanes 10ft aft Managed Lanes

[ 1

10 . .
2+2 means parallel systems of managed lanes, one with tolled passenger cars and the other with
tolled trucks.
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Reversible At-Grade
The cross sections shown in Figure 2 on the following pages comprise the reversible at-

grade alternatives.
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The reversible at-grade alternatives are comprised of three primary typical sections and
two variations of each of those, for a total of six typical sections. The 3-lane alternative
provides three reversible managed lanes; the 2-lane alternative includes two reversible
managed lanes; and the 1-lane alternative includes one reversible lane in each direction.
All reversible at-grade alternatives are barrier separated from the general purpose lanes.
The final progression in developing the reversible at-grade sections was to consider the
desirable and reduced alternatives for each. In the desirable case, the typical sections
were developed using the recommended dimensions.
shoulder widths and lane widths were considered.

In the reduced case, reduced

Figure 2: Reversible At-Grade Cross Sections
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Bi-Directional Elevated

The bi-directional elevated alternatives are comprised of two primary typical sections
and four variations of each of those, for a total of eight typical sections. The 2+2 lane
alternatives are the only alternatives included in the bi-directional elevated sections. The
first primary typical section is a single shaft pier used where the center median area is
restricted. The second primary typical section is a dual shaft pier used in areas with
adequate median area. Using the two primary alternatives, the next consideration was
the location of the elevated structure, either in the median or along the outside of the
corridor. The final progression in developing the bi-directional typical sections was to
consider the desirable and reduced alternatives for each. In the desirable case, the
typical sections were developed using the recommended dimensions. In the reduced
case, reduced shoulder widths and lane widths were considered.
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The cross sections shown in Figures 3 and 4 on the following pages comprise the bi-
directional elevated alternatives. Figure 3 contains the single shaft pier alternatives and
Figure 4 contains the dual shat pier alternatives.

Figure 3: Bi-Directional Elevated Cross Sections—Single Shaft Pier
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Figure 4: Bi-Directional Elevated Cross Sections—Dual Shaft Pier
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Reversible Elevated

The cross sections shown in Figure 5 on the following pages comprise the reversible
elevated alternatives.

The reversible at-grade alternatives are comprised of two primary typical sections and
four variations of each of those, for a total of eight typical sections. The 3-lane
alternative provides three reversible managed lanes and the 2-lane alternative includes
two reversible managed lanes in each direction. The next consideration was the location
of the elevated structure, either in the median or along the outside of the corridor. The
final progression in developing the reversible at-grade sections was to consider the
desirable and reduced alternatives for each. In the desirable case, the typical sections
were developed using the recommended dimensions. In the reduced case, reduced
shoulder widths and lane widths were considered.

Figure 5: Bi-Directional Elevated Cross Sections—Dual Shaft Pier
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Table 9: Summary of Bi-directional At-Grade Typical Cross Sections

Outside Shoulder
Managed Lanes & Barrier or
Buffer

Inside Shoulder &
Barrier
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Outside Shoulder
Managed Lanes & Barrier or
Buffer

Inside Shoulder &
Barrier

Table 10: Summary of Reversible At-Grade Typical Cross Sections

Inside Shoulder & Outside Shoulder
. Managed Lanes o
Barrier & Barrier
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Table 11: Summary of Bi-Directional Elevated Typical Cross Sections — Single
Shaft Pier

Inside Shoulder & Outside Shoulder
Managed Lanes

Barrier & Barrier

Table 12: Summary of Bi-Directional Elevated Typical Cross Sections — Dual
Shaft Pier

Inside Shoulder & Outside Shoulder
. Managed Lanes i
Barrier & Barrier

Table 13: Summary of Reversible Elevated Typical Cross Sections

Inside Shoulder & Outside Shoulder
: Managed Lanes :
Barrier & Barrier
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In5|deBSh(_)uIder & Managed Lanes Outside Sh_oulder
arrier & Barrier

3 L REdnEE = 5.625 ft. 341t 11.625 ft. 51.25 ft.
Outside

2 Lane Desirable 11.625 ft. 24 ft. 11.625 ft. 47.25 ft.

2 Lane Reduced 5.625 ft. 22 ft. 11.625 ft. 39.25 ft.

2 Lane Desirable — 11.625 ft. 24 ft. 11.625 ft. 47.25 ft.
Outside

2 Lane Reduced - 5.625 ft. 22 ft. 11.625 ft. 39.25 ft.
Outside

Median Component

For Managed Lane facilities located in the center of the roadway facility, a barrier is
provided separating the traveling directions. AASHTO provides guidance on the specific
design of median treatments. A 2 to 4 foot lateral clearance should be provided adjacent
to the median treatment.

Lane Components

Managed Lane facilities should include 12-foot travel lanes in all applications. In select
locations, engineers could reduce lane widths to 11-foot due to right-of-way, or other
constraints. ldeally lane width reductions should not be considered for lanes used by
buses or trucks.

Lane Separation Component

Lane separation treatment is in the form of a barrier or a buffer. Lateral clearance on
either side of the barrier is required. As the figures above illustrate, with a barrier
treatment, a refuge area is provided adjacent to the lane separation treatment. In the
case of a buffer, the refuge area is located in the center of the alignment and also serves
as the lateral clearance for the median treatment. Buffer areas can be augmented with
plastic delineators to further illustrate the different lane sets.

Cross Section Design Summary

The Managed Lane design envelope ranges from 162 feet for a 2+2 lane desirable
barrier condition to 27.5 feet for a 1-lane reversible reduced condition. Whether buffer or
barrier, reduced design standards should only be considered in select situations

Design Tradeoffs

In an ideal world, all Managed Lanes will be constructed to desirable specifications.
However, constraints such as right-of-way, costs, etc. are realities that need to be
addressed during preliminary engineering. In select locations, design tradeoffs will be
required to ensure implementation while still meeting investment goals. Table 14
provides a step-wise progression of adjustments that could be followed to reduce the
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Designers should consult with all of the involved agencies for final approval.

Table 14: Design Tradeoffs

Cross-Section Design Change

These design tradeoffs are for discussion purposes only.

First Reduce left & right managed lanes inside shoulder widths to no less than 2 feet, if
possible.
Reduce the right managed lane outside shoulder width to no less than 8 feet, if
Second .
possible.
Third Reduce the freeway inside shoulder width to no less than 2 feet, if possible.
Fourth Reduce select lane widths to no less than 11 feet. Maintain one or two outside lanes at
12 feet for trucks, if possible.
. Reduce select managed lane widths to no less than 11 feet. Maintain one or two
Fifth - . .
outside lanes at 12 feet for trucks, if possible.
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Terminal and Access Treatments

This section explores the design elements of various access and terminal treatments for
Managed Lanes facilities.
treatments at the beginning and end of the facilities or through intermediate dedicated
access points along the facility. General guidelines for the design of terminal and
access points include:

Vehicles can access the Managed Lanes via terminal

= Managed Lane ramps should be designed to the same standard as freeway

ramps.

= Sight distance is particularly critical due to the proximity of the barriers to the
Modification of the barrier system
might be necessary to provide adequate sight distance.

= Locate direct access/egress points on facilities that are not operating at or near

Managed Lanes and the access locations.

capacity.

= Access points should provide spacing for storage, metering and enforcement.
= All maneuvers entering and exiting the Managed Lanes should be overt.
= Advanced signing should be provided in a clear and concise fashion.
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= Direct Access Ramps

Grade separated or direct access ramps are desirable treatments for Managed Lane
facilities to eliminate at-grade access and the associated complex weaving conditions. A
variety of direct access types exist. Examples include:

=  T-ramps;

= Drop ramps;

= Flyover ramps; and
= Y-ramps.

T-Ramps and Drop Ramps

These facilities provide direct access to the local roadway network. These facilities are
designed to access the Managed Lanes exclusively. T-Ramps are located at strategic
points on the Managed Lanes network to provide direct, congestion free access to
arterial streets. Figures 6-8 show examples of a T-ramp, a half drop, and a full drop
design.

Figure 6: Typical T-Drop Ramp
b T— S S
«— D —
__________________________ «—— D —
«—— R —
—_— Ramp Access Ramp ACCESS mmm—gp

e | [ e
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Figure 7: Typical Half Drop Ramp

Figure 8: Typical Full Drop Ramp
_j —
p — L —

-« [ —
= Ramp Access Ramp ACCESS gy

e

I

Design Considerations

Design Speed

Design speed for a Drop or T-ramp should be dictated by the operating conditions on the
mainline. Mainline operations should not be adversely impacted by ramp operations.
This requires appropriate acceleration and deceleration lanes to ensure trucks can
merge into and out of the Managed Lanes efficiently.

Signing and Marking

More than adequate signing and marking to clearly identify the ramps from travel lanes.

Shoulders

It is important to provide a full shoulder on the ramp facility wherever possible. For two
way operations a center barrier is recommended.
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Cross Section

A cross section of 54 ft is desirable for a two-way ramp. A reduced cross section may
be considered in select locations where operational impacts can be managed.

Flyover and Y-Ramps

This ramp design accommodates high speed, high volume access to and from the
Managed Lanes. The purpose of these types of ramp configurations is to provide direct
connections to the General Purpose lanes.

System to System Connections

The development of a fully integrated system of Managed Lanes requires linking
Managed Lanes on multiple interstate highways. System-to-system connections will be
challenging from engineering and capital cost perspectives, however, the benefits to the
system are critical. Understanding the challenges associated with providing these
critical connections should be tackled initially at the planning stage. Valuable travel time
savings accumulated by utilizing Managed Lanes can quickly evaporate if efficient
connections are not provided at system-to-system interchanges.

The design of Managed Lane to Managed Lane connections is similar to General
Purpose lanes connections. Similar design speeds, geometrics and cross sections that
are employed for General Purpose lanes connections are applicable for Managed Lane
connections.

Slip Ramps

Slip ramps are an alternate to direct access and provide connections from the Managed
Lanes to the General Purpose lanes via breaks in the barrier. Figure 9 shows an
example of a slip ramp design.

Figure 9: Typical Slip Ramp

R
D —

Application of these design parameters can be seen in the preliminary concepts
developed during this study.

Corridor Evaluations

Potential Challenges to Managed Lane Construction

Each corridor was evaluated to identify any potential challenges to managed lane
construction. As a result of the screening, not all of the base case alternatives could be
applied to every corridor. Table 15 lists the corridor and any identified flaws/constraints.
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Table 15: Potential Physical Challenges to Managed Lane Construction

Corridor Physical Constraint or Fatal Flaw
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Corridor Physical Constraint or Fatal Flaw

Any widening in these corridors would impact the constraints listed in the table above. In
the I-85 N, 1-285 N, and 1-285 S corridors, costs were developed for each of the base
case alternatives. The estimates for these corridors reflect additional costs being
applied to account for the constraints. For GA 400, cost estimates were not developed
for the 3-lane and 2+2 lane bi-directional base case alternatives. For corridors inside of
[-285, with the exception of 1-20 W and the Downtown Connector, an estimate was only
developed for the 2-lane, buffer reduced alternative and the elevated alternative. Based
on the limiting constraints along the [-20 W and Downtown Connector corridors,
estimates were only developed for the elevated base case alternatives. For these two
corridors other alternatives, including adding only one lane and General Purpose lane
conversions were considered.

Elevated Structure Evaluation Criteria

The reversible cases were evaluated initially as a direct comparison to the at-grade
alternatives along the centerline of the roadway. The existing median with (barrier plus
shoulders) determined if a General Purpose lane take was required. The proposed
elevated substructure requires a minimum of 18’ width (using 4’ shoulders).

The reversible cases evaluated locations on the left or right side of the existing roadway.
Existing conditions, such as reduced median widths, impacts to existing bridges, and, if
split profiles were used resulting to differences in elevations between the left and right
sides, were reviewed. For corridors with a reduced median width, and where an existing
HOV or General Purpose lane take was not possible, the reversible lane was located on
the outside of the corridor to eliminate the need for extensive reconstruction of the
existing roadway. This was also done in areas where extensive bridge replacements
would be necessary and where profile differences between the left and right sides would
result in significant construction costs. Cost comparisons were done to determine if the
right-of-way and construction costs of placing the reversible lanes on the outside would
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offset the bridge replacement and reconstruction costs. The most cost effective solution
was used.

The bi-directional cases were evaluated similarly to the reversible cases. The alignment
was analyzed along the centerline where existing HOV lanes exist. The left or right
alternative was evaluated as a single structure of four lanes and as a two lane structure
on both sides of the road\way. The most cost effective solution was used.

Base Case Cost Estimates

The capital costs of proposed Managed Lanes are categorized into discrete cost
elements: construction costs, right-of-way costs, utility costs, engineering and inspection
costs and corridor contingencies. In general, the capital costs were estimated by
determining the appropriate unit costs for the identified cost elements and the cost
element quantities from conceptual alignments and interchange/access plans prepared
for each corridor. Each cost element is defined below along with the methods and
assumptions applied in each case. The programming costs for this project were
developed to provide a conceptual level estimate in Year 2008 construction dollars.
These numbers do not include any inflation. Two major factors in cost variations for
major projects that were not developed specifically for this level of cost estimate are
environmental impacts and existing soil/site conditions. However, these factors are
accounted for in the contingency. Mitigation costs and encountering unforeseen
geological features such as rock can drive up costs. While significant engineering
analysis went into developing project costs, the estimates are still planning grade and
primarily employed for comparative analysis. Key assumptions and development
parameters are discussed below.

Construction Costs

The construction cost estimates are divided into four major components: linear mile
costs, block costs, corridor-specific costs and system-to-system interchange costs.
Improvements to existing General Purpose deficiencies (defined as variations from ideal
design standards) were not considered. System-to-system interchanges were estimated
separately. At this stage in the process, design exceptions were also not considered.

Linear Mile Costs

Linear mile costs include unit costs and lump sum costs. The unit costs were developed
based on quantities and lengths of the existing and proposed typical section. The lump
sum costs were computed as a percentage of the sub-construction costs (total of the unit
costs). Each of the items included in the linear mile costs and their assumptions are
described below.

Pavement ltems:

= Full depth pavement replacement was assumed based on unknown existing
pavement conditions and a potential concession life-cycle.

= Travel lanes and outside shoulders are proposed to have a full depth pavement
design structure as follows:
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Asphaltic Concrete 19mm Superpave, 3”
Bituminous Tack Coat

Portland Cement Concrete Pavement, 12”
Graded Aggregate Base, 12”

O O O O

Drainage Items:

= Assumed 24-inch concrete drainage pipes.

= One-half of the total length of 24-inch pipes was assumed to be in the 1-10 foot
depth category, while the other half is assumed to be in the 10-15 foot depth
category.

» Longitudinal concrete pipes were assumed to be along the median and general-
purpose outside shoulders.

= Cross drains are assumed every 800 feet.

= Drainage inlet structures are assumed to be at a 100 foot longitudinal spacing
and are located along the general-purpose outside shoulders and along the
median.

»= One-half of the total number of drainage inlets was assumed to have an average
additional depth of 5 feet per structure.

= The total length of existing pipe to be plugged with flowable material was
assumed to be approximately 10% of the total length of proposed drainage pipes
for the corridor, if the existing system was not maintained.

= Assumed two 7 ft x 7 ft culvert extensions per mile. Culverts are regarded as the
outfalls for the proposed longitudinal drainage systems and were assumed to be
extended by a length to match the proposed typical section widths. Existing box
culverts were assumed to cross the entire existing interstate. Required rip rap for
each culvert was estimated to be 49 square yards.

Signing and Marking Items:

» Signing and marking, including overhead signs, was assumed to be $554,874
per mile.

Median Barrier Items:

= New median barriers were assumed along the centerline of all corridors in every
alternative.

= Additional cost for barrier separated alternatives is included.

Lighting Items:
* Highway lighting installation was assumed to be $1,541,300 per mile.
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ITS Application Items:

= |TS applications were assumed to be $1,000,000 per mile for barrier separated
alternatives.

= |ITS application items were assumed to be $1,500,000 per mile for buffer
separated alternatives.

Tolling Technology Items:

= Toll technology items were assumed to be $1,000,000 per mile for barrier
separated alternatives.

= Toll technology items were assumed to be $1,500,000 per mile for buffer
separated alternatives.

Existing Pavement Removal Items:

= Existing pavement removal is assumed for all alternatives at a rate of $12 per
square yard.

Lump Sum Items:

= Traffic control costs are assumed to be 10 percent of the total sub-construction
cost (unit costs total). For the elevated alternatives located on the outside, the
costs were assumed to be 4 percent.

= Clearing and grubbing costs are assumed to be 10 percent of the total sub-
construction cost (unit costs total). For the alternatives in which no widening was
required, the cost was assumed to be $0.

= Erosion control costs are assumed to be 2 percent of the total sub-construction
cost (unit costs total).

= Earthwork costs are assumed to be 5 percent of the total sub-construction cost
(unit costs total). For the alternatives in which no widening was required, the
cost was assumed to be $0.

= Mobilization costs are assumed to be 5 percent of the total sub-construction cost
(unit costs total).

Block Costs

Block costs include Managed Lane access points and General Purpose interchanges.
Block costs do not include improvements to existing bridge structures. Bridges are
evaluated separately as part of corridor-specific items.

Three types of Managed Lane access points were proposed: full-drop ramp access, half-
drop ramp access and direct merge access. The following assumptions were used in
calculating the Managed Lane access costs:

= Full-Drop Ramp Access: This type of access requires widening the mainline to
allow for exit and entrance ramps in both directions. The block costs include
pavement, drainage, signing and marking, lighting, lump sum items, and retaining
walls. In addition, new bridge and connecting road costs were added at access
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points where no bridge and/or road connections exist. In situations where
access is desirable to service roads crossing under the Interstate highway,
additional costs were assumed for a depressed access location. Additional costs
were added for constructability issues, including excavation and tie-back walls
being used instead of retaining walls. The impacts to traffic patterns on
connecting facilities, and the associated improvements required to mitigate these
changes were not included in the cost estimate.

Half-Drop Ramp Access: This type of access is essentially half of the full-drop
ramp configuration and includes two ramps instead of four. The block costs were
assumed to be two-thirds the cost of the full-drop ramp access, and not one-half
to account for items such as signing and marking, lighting, traffic control and
mobilization that would be higher than 50 percent of the full-drop ramp access
cost.

Direct-Merge Access: This type of access does not involve any widening of the
mainline, and would only include minor signing and marking adjustments.
Therefore, a separate block cost was not developed for direct-merge access.
The cost would be included in the corridor signing and marking cost.

Existing General Purpose interchanges will require modifications to accommodate the
various typical section alternatives. Four specific General-Purpose interchanges were
identified: full diamond, half-diamond, full cloverleaf and partial cloverleaf. The following
assumptions were used in developing the improvement and modifications costs for each
interchange type.

Full Diamond Interchange: Block costs were developed using linear mile and
lump sum costs. Block costs, based on the typical section and the geometric
configuration of the existing interchange (typical or tight), vary. Key assumptions
include:

An existing tight urban diamond interchange will require total reconstruction if
two, three or four Managed Lanes per direction are proposed

Partial impact was assumed for a typical diamond interchange if two or three
Managed Lanes per direction are proposed

Total reconstruction was assumed for a typical diamond interchange if four
Managed Lanes per direction are proposed

Half-Diamond Interchange: The estimating procedure for a half-diamond
interchange is the same as a full-diamond interchange.

Full Cloverleaf Interchange: This type of interchange is not a desirable
configuration based on current design standards. Therefore, it was assumed to
be replaced by a partial cloverleaf with two loop ramps. Block costs were
developed using linear mile and lump sum costs.

Partial Cloverleaf Interchange: A block cost was developed for this type of
interchange in a similar manner as the full cloverleaf interchange, assuming only
one loop ramp. For a partial cloverleaf with two loop ramps, an increase of 25
percent in the one loop ramp block cost was assumed. In one special case, an
existing 3 loop cloverleaf was maintained. A 50 percent increase to the one loop
cost was applied for this case.
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Corridor Specific Costs

Corridor specific costs were identified and calculated based on the unique
characteristics of each corridor. Below are the items considered as corridor specific and
the assumptions associated with each.

Bridges

» Total bridge replacement and widening costs were assumed to be $120 per
square foot.

Bridge Demolition

= Bridge demolition was assumed to be 20 percent of the total bridge replacement
cost.

Retaining Walls
= |n general, MSE walls were assumed on both sides in all based cases in urban
areas.

=  When the difference between the existing and proposed footprint is less than 10
feet, the MSE walls are assumed to replace only existing walls.

= MSE walls were assumed to be an average height of 10 feet.
= A traffic barrier is assumed to be mounted on all MSE walls.

» |tis assumed any existing retaining walls outside of urban areas will be replaced
with MSE walls.

Guardrail

= |n areas considered suburban or rural, fill slopes are proposed at tie-ins with
existing ground. It was assumed that half of these slopes would require guardrail
treatments.

Collector Distributor and Side Roads
= The replacement cost was calculated for collector-distributor roads and other
side roads impacted by implementing the proposed typical section alternatives

= Collector distributor and side road costs were calculated using a line-foot cost
based on their existing typical section.

Railroads

» Rail bridge replacement cost was computed using a $150 per square foot rate.

= Additional costs were assumed to tie the existing rail track with the new bridge.
The track cost was assumed to be $150 per linear foot.
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» Incidental road and right-of-way impacts were also included and were based
accordingly on each location. The road cost was assumed to be $3.1 million per
mile and the right-of-way costs were assumed to be $100,000 per acre.

System-to-System Interchange Costs

System-to-system interchanges connecting Managed Lane sets were considered stand-
along items and were evaluated independently. Schematic layouts for each system-to-
system interchange were generated to determine bridge lengths, minimum radii, and
entrance and exit points. The construction cost estimate for each interchange was
tailored to each Managed Lane investment scenario. Listed below are the assumptions
used in computing the system-to-system interchange costs.

= Managed Lanes were added to the center of the existing typical section
= Existing HOV lanes were replaced with Managed Lanes

= Managed Lane ramps were direct connect ramps

= Managed Lane ramps were designed for 45 mph

Right-of Way Costs

Right-of-way costs include the purchase of land and/or easement rights for the Managed
Lanes. This includes relocation assistance and demolition costs. Property values and
acquisition costs can range from quite modest in undeveloped areas, to quite significant
in areas of high-value commercial properties. These costs include title searches,
appraisals, legal fees, title insurance, surveys, and various other processes.

Land use types and existing property lines were determined using county and GIS maps.
The land use categories identified were residential, commercial and undeveloped land
for urban and suburban area types.

Right-of-way impacts were calculated based on existing right-of-way and the proposed
typical sections. The cost of right-of-way was estimated by taking the number of
additional acres required for the Managed Lanes multiplied by the cost per acre. In
addition to the cost of land, some parcels were occupied by residents and business.
The cost of displacements was estimated based on appraisal costs indicated in county
databases. When appraisal values were not available, the cost per type of displacement
was assumed. Using the footprints of the proposed barrier-desirable typical sections for
the 2-lane, 3-lane and 2+2-lane alternatives, the proposed right-of-way lines were outline
to depict the amount of right-of-way to be acquired and the potential displacements to
accommodate each barrier-desirable case. The right-of-way cost for reduced and buffer
separated alternatives was calculated based the footprint reduction from the original
estimate.

The right-of way assumed costs are presented in Table 16.
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Table 16: Right-of-Way Cost Assumptions

A EE Cc,)AScfrFe)zer Dis%?;t:gri;nt

Urban, Undeveloped $150,000 $0
Urban, Residential $265,000 $265,000
Urban, Commercial $865,000 $1,000,000
Suburban, Undeveloped $50,000 $0
Suburban, Residential $150,000 $150,000
Suburban, Commercial $620,000 $620,000
DOT Owned $0 $0

A contingent right-of-way cost of $1,000,000 per mile was assumed on corridors in areas
where no required right-of-way is needed per the typical section footprint. A 3.5 factor
was applied to right-of-way costs. This factor is typical for this level of estimate.

Utility Costs

Utility costs were assumed to be 2.6 percent of the total construction cost, plus a 30
percent contingency. For the elevated alternatives located on the outside the costs were
assumed to be 1 percent.

Engineering and Inspection Costs

Engineering and inspection costs were assumed to be 5 percent of the total construction
cost.

Corridor Contingencies

A corridor contingency was applied to the total cost, which included the construction
costs, right-of-way costs, utility costs and engineering and inspection costs. The cost
was assumed to be 6 percent of the total cost.

Elevated on the Outside Cost Reduction

For the elevated alternatives in which the structure(s) was located on the outside of the
existing roadway, a 2.77 percent reduction was applied to the final cost estimate. This
reduction was to allow for a shorter construction duration.
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Table 17: 1-75 North Corridor Cost Estimates

I-75 North

Bi- At-
Directional/ Grade/  Separation Desirable/Reduced
Reversible Elevated

Capital Costs (In Millions $1,000,000)

Cost of
Construction

Right-
of-Way

Cost of
Utilities

Corridor
Contingencies

January 2010

Total
Capital
Costs
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I-75 North Capital Costs (In Millions $1,000,000)

Total
Bi- At- : . Capital
Directional/ Grade/  Separation Desirable/Reduced Cost of Right- Cost of Corridor. Costs
. Construction of-Way  Utilities Contingencies
Reversible Elevated

Table 18: 1-75 South Corridor Cost Estimates

I-75 South Capital Costs (In Millions $1,000,000)
Total
Bi- At- . . Capital
Directional/ Grade/  Separation | Desirable/Reduced Gt i R Cost of Colrent Costs
. Construction  of-Way | Utilities Contingencies
Reversible Elevated
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I-75 South Capital Costs (In Millions $1,000,000)
Total
Bi- At- : . Capital
Lanes Directional/ Grade/  Separation | Desirable/Reduced Cizeit oy s Cost of Caitlizlen Costs
. Construction  of-Way | Utilities Contingencies
Reversible Elevated
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Table 19: 1-85 North Corridor Cost Estimates

[-85 North Capital Costs (In Millions $1,000,000)
Total
Bi- At- : . Capital
Directional/ Grade/  Separation Desirable/Reduced Cizeit oy UG Cost of Caitlizler Costs
. Construction  of-Way  Utilities Contingencies
Reversible Elevated
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I-85 North

Bi- At-
Directional/ Grade/
Elevated

Separation

Reversible

Table 20: 1-20 East Corridor Cost Estimates

I1-20 East

Bi- At-
Directional/ Grade/
Elevated

Separation
Reversible

Desirable/Reduced

Desirable/Reduced

Construction

Construction

January 2010

Capital Costs (In Millions $1,000,000)
Total
Capital

Corridor e

Contingencies

Cost of Right-

of-Way

Cost of
Utilities

Capital Costs (In Millions $1,000,000)
Total

Capital

Corridor Costs

Contingencies

Cost of Right-

of-Way

Cost of
Utilities
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I-20 East Capital Costs (In Millions $1,000,000)

Total

Bi-
Directional/
Reversible

At-
Grade/

Elevated

Separation

Desirable/Reduced

Cost of
Construction

Right-
of-Way

Cost of
Utilities

Corridor
Contingencies

Capital
Costs

$801.72

Table 21: 1-20 West Corridor Cost Estimates

I-20 West Capital Costs (In Millions $1,000,000)

Total
Capital
Costs

Bi- At-
Directional/ Grade/
Reversible Elevated

Corridor
Contingencies

Cost of
Construction

Cost of
Utilities

Right-

Desirable/Reduced of-Way

Separation

2-Lane Bi-Directional At-Grade Barrier Desirable $1,003.91 $65.76 $24.86 $65.67 $1,160.20

At-Grade Buffer

$896.56

2-Lane Bi-Directional Desirable $46.25 $22.20 $57.90 $1,022.91

2+2 Lane Bi-Directional At-Grade Barrier Desirable $1,139.30 $157.59 | $28.21 $79.51 $1,404.61

2+2 Lane Bi-Directional At-Grade Buffer Desirable $100.01 | $24.94 $67.92

$1,007.03 $1,199.89
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1-20 West Capital Costs (In Millions $1,000,000)

Total
Bi- At- : . Capital
Directional/ Grade/  Separation Desirable/Reduced Cost of Right- Cost of Corridor. Costs
. Construction  of-Way  Utilities Contingencies
Reversible Elevated

Table 22: 1-285 South Corridor Cost Estimates

I-285 South Capital Costs (In Millions $1,000,000)
Total
Bi- At- . . Capital
Directional/ Grade/  Separation Desirable/Reduced Gt i gL Cost of Colret Costs
. Construction  of-Way  Utilities Contingencies
Reversible Elevated
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1-285 South Capital Costs (In Millions $1,000,000)

Total
Bi- At- : . Capital
Directional/ Grade/  Separation Desirable/Reduced Cost of Right- Cost of Corridor. Costs
. Construction  of-Way  Utilities Contingencies
Reversible Elevated

Table 23: 1-285 East Corridor Cost Estimates

I-285 East Capital Costs (In Millions $1,000,000)
Total
Bi- At- . . Capital
Directional/ Grade/  Separation Desirable/Reduced Cestay Right-  Cost of Corridar Costs
Construction of-Way  Utilities Contingencies

Reversible Elevated
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|-285 East Capital Costs (In Millions $1,000,000)

Total
Bi- At- : . Capital
Directional/ Grade/  Separation Desirable/Reduced Cost of Right- Cost of Corridor. Costs
. Construction  of-Way  Utilities Contingencies
Reversible Elevated
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Table 24: 1-285 North Corridor Cost Estimates

|1-285 North

Bi- At-
Directional/ Grade/
Elevated

Desirable/Reduced

Separation

Reversible

January 2010

Capital Costs (In Millions $1,000,000)
Total

Capital

Corridor e

Contingencies

Cost of
Construction

Right-
of-Way

Cost of
Utilities
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Table 25: 1-285 West Corridor Cost Estimates

I-285 West

Bi- At-
Directional/ Grade/
Elevated

Desirable/Reduced

Separation

Reversible

January 2010

Capital Costs (In Millions $1,000,000)
Total

Capital

Corridor e

Contingencies

Cost of
Construction

Right-
of-Way

Cost of
Utilities
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Table 26:

Lanes

Bi-Directional/
Reversible

I-575

At-Grade/
Elevated

I-575 Corridor Cost Estimates

Separation

Table 27: SR 400 Corridor Cost Estimates

Lanes

2-Lane

Bi-Directional/
Reversible

Bi-Directional

SR 400

At-Grade/
Elevated

At-Grade

Separation

Barrier

Desirable/Reduced

Desirable/Reduced

Desirable

Capital Costs (In Millions $1,000,000)

Cost of
Construction

Right-

Way

Cost of
Utilities

Corridor
Contingencies

Capital Costs (In Millions $1,000,000)

Cost of
Construction

$1,247.16

Right-
Way
$74.72

Cost of
Utilities

$30.88

Corridor
Contingencies

$81.17

January 2010

Total
Capital
Costs

$1,015.68

$860.04

Total
Capital
Costs

$1,433.94

2-Lane

Bi-Directional

At-Grade

Buffer

Desirable

$1,128.63

$54.47

$27.95

$72.66

$1,283.71

2-Lane

3-Lane

Reversible

Reversible

At-Grade

At-Grade

Barrier

Barrier

Desirable

Desirable

$1,025.36

$1,045.99

$39.63

$46.73

$25.39

$25.90

$65.42

$67.12

$1,155.80

$1,185.74
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SR 400 Capital Costs (In Millions $1,000,000)

Total
Bi-Directional/  At-Grade/ Cost of Right- Corridor Capital

Cost of

Construction Wa_y Utilities Contingencies

Lanes Separation Desirable/Reduced

Costs
Reversible Elevated

2-Lane Bi-Directional Elevated Barrier Desirable $1,888.07 $60.77 | $28.83 $118.66 $2,060.27

2-Lane Reversible Elevated Barrier Desirable $1,129.10 $25.26 | $18.24 $70.36 $1,208.52

3-Lane Reversible Elevated Barrier Desirable $1,308.16 $25.26 $20.66 $81.24 $1,395.57

Note: Inside of 1-285, the cost estimates assume one lane in each direction.

Table 28: Downtown Connector Corridor Cost Estimates

Downtown Connector Capital Costs (In Millions $1,000,000) Total
otal

‘O ; Right- n Capital
Bi-Directional/ | At-Grade/ . .

Lanes _ Separation = Desirable/Reduced Gl oif = Cost of Centien Costs

Reversible Elevated Construction Utilities Contingencies

Way
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Table 29: 1-85 North Inside of 1-285 Corridor Cost Estimates

I-85 North Inside of 1-285

Bi-
Directional/
Reversible

At-
Grade/

Elevated

Separation Desirable/Reduced

Table 30: 1-85 South Inside of 1-285 Corridor Cost Estimates

I-85 South Inside of 1-285

At-Grade/
Elevated

Bi-Directional/

. Desirable/Reduced
Reversible

Lanes Separation

Table 31: 1-75 North Inside of 1-285 Corridor Cost Estimates

I-75 North Inside of 1-285

At-Grade/
Elevated

Bi-Directional/

. Desirable/Reduced
Reversible

Lanes

Separation

January 2010

Capital Costs (In Millions $1,000,000)

Total
Capital

Corridor Costs

Contingencies

Cost of
Construction

Right-
of-Way

Cost of
Utilities

$819.37

Capital Costs (In Millions $1,000,000)
Total

Capital

Corridor Costs

Contingencies

Cost of

Construction Utilities

Capital Costs (In Millions $1,000,000)
Total

Right- Cost of Corridor Capital
ol iliti Contingencies Gl
Way Utilities g

Cost of
Construction
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Table 32: 1-75 South Inside of 1-285 Corridor Cost Estimates

I-75 South Inside of 1-285

Bi-Directional/ @ At-Grade/

. Separation | Desirable/Reduced
Reversible Elevated

Table 33: 1-20 East Inside of 1-285 Corridor Cost Estimates

I-20 East Inside of 1-285

Bi-Directional/ At-Grade/

Lanes . Separation = Desirable/Reduced
Reversible Elevated

Capital Costs (In Millions $1,000,000)

Cost of
Construction

Right-

Cost of
Utilities

Corridor
Contingencies

Capital Costs (In Millions $1,000,000)

Cost of
Construction

Right-

Way

Cost of
Utilities

Corridor
Contingencies

January 2010

Total
Capital
Costs

Total
Capital
Costs
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Table 34: I-75 North at I-575 System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000)

Total
Capital
Costs

-75 North at 1-575 Costor Right-of- Cost of Corridor

Construction Way Utilities Contingencies

2+2 Lane $32.93 $0.00 $0.82 $2.02

2-Lane $32.93 $0.00 $0.82 $2.02 $35.77

Table 35: I-75 South at I1-675 System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000) Total

Capital
Costs

I-75 South at 1-675 o Right-of- Cost of Corridor

Construction Way Utilities Contingencies

2+2 Lane $40.07 $0.00 $0.99 $2.46

2-Lane $40.07 $0.00 $0.99 $2.46 $43.53

Table 36: 1-85 North at 1-985 System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000) Total

Capital
Costs

I-85 North at 1-985 Cost of Right-of- Cost of Corridor

Construction Way Utilities Contingencies

2-Lane $32.93 $0.00 $0.82 $2.02 $35.77
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Table 37: 1-285 at 1-85 South System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000)

Total
Capital
Costs

[-285 at 1-85 South Cost of Right-of- Cost of Corridor

Construction Way Utilities Contingencies

2+2 Lane $526.27 $0.00 $13.03 $32.36 $571.66

2-Lane $470.78 $0.00 $11.66 $28.95 $511.39

Table 38: 1-285 at I-75 South System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000) Total

Capital
Costs

[-285 at I-75 South Cost of nght-of‘ Cost of Corridor

Construction Way Utilities Contingencies

2+2 Lane $382.78 $0.00 $9.48 $23.54

2-Lane $351.53 $0.00 $8.70 $21.61 $381.85

Table 39: 1-285 at I-675 System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000) Total

Capital
Costs

-285 at |-675 Cost of Right-of- Cost of Corridor

Construction Way Utilities Contingencies

2-Lane $85.88 $0.00 $2.13 $5.28 $93.28
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Table 40: 1-285 at 1-20 East System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000) Total

289 815 24D =t Cost of Right-of- Cost of Corridor ezl

Construction Way Utilities Contingencies

Costs

2+2 Lane $439.50 $0.00 $10.88 $27.02

2-Lane $410.57 $0.00 $10.17 $25.24 $445.98

Table 41: 1-285 at US 78 System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000) Total
289 Et e 71 Cost of Right-of- Cost of Corridor Catlicl
; N : : Costs
Construction Way Utilities Contingencies

2+2 Lane $146.97 $0.00 $3.64 $9.04 $159.64

2-Lane $141.59 $0.00 $3.51 $8.71 $153.81

Table 42: 1-285 at 1-85 North System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000) Total

[-285 at 1-85 North ot o Right-of- Cost of Corridor %aopsligl

Construction Way Utilities Contingencies

2-Lane $438.09 $0.00 $10.85 $26.94 $475.87
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Table 43: 1-285 at Peachtree Industrial Boulevard System-to-System
Interchange Cost Estimate

Capital Costs (In Millions $1,000,000) Total

Capital
Costs

I-285 at Peachtree
Industrial Boulevard Cost of Right-of- Cost of Corridor
Construction Way Utilities Contingencies

2+2 Lane $196.60 $0.00 $4.87 $12.09 $213.56

2-Lane $193.30 $0.00 $4.79 $11.88 $209.97

Table 44: 1-285 at SR 400 System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000) Total
FASSIEIGEIRE 0 Cost of Right-of- Cost of Corridor %apltal
; o . - osts
Construction Way Utilities Contingencies

2+2 Lane $446.80 $0.00 $11.06 $27.47

2-Lane $377.75 $0.00 $9.35 $23.23 $410.33

Table 45: 1-285 at I-75 North System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000) Total

[-285 at 1-75 North Cost of Right-of- Cost of Corridor Cé:aopsligl

Construction Way Utilities Contingencies

2+2 Lane $548.30 $0.00 $13.58 $33.71 $595.59

2-Lane $522.41 $0.00 $12.94 $32.12 $567.47
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Table 46: 1-285 at 1-20 West System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000)

Total
Capital
Costs

I-285 at 1-20 West Cost of nght-of' Cost of Corridor

Construction Way Utilities Contingencies

2+2 Lane $513.49 $0.00 $12.72 $31.57 $557.78

2-Lane $407.86 $0.00 $10.10 $25.08 $443.04

Table 47: 1-285 at Langford Parkway System-to-System Interchange Cost
Estimate

Capital Costs (In Millions $1,000,000) Total

Capital
Costs

I-285 at Langford
Parkway Cost of Right-of- Cost of Corridor
Construction Way Utilities Contingencies

2+2 Lane $104.65 $0.00 $2.59 $6.43 $113.67

2-Lane $102.50 $0.00 $2.54 $6.30 $111.34

Table 48: 1-85 at I-75 (Brookwood Split) System-to-System Interchange Cost
Estimate

Capital Costs (In Millions $1,000,000) Total

Capital
Costs

I-85 at I-75 (Brookwood

Split) Cost of Right-of- Cost of Corridor
Construction Way Utilities Contingencies

2-Lane $61.11 $0.00 $1.51 $3.76 $66.38
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Table 49: 1-85 at I-75 Split System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000)

Total
Capital
Costs

-85 at I-75 Spllt Cost of nght-of' Cost of Corridor

Construction Way Utilities Contingencies

2-Lane $73.19 $0.00 $1.81 $4.50 $79.50

Table 50: 1-85 at SR 400 System-to-System Interchange Cost Estimate

Capital Costs (In Millions $1,000,000) Total

Capital
Costs

I1-20 at Downtown
Connector Cost of Right-of- Cost of Corridor
Construction Way Utilities Contingencies

2-Lane $233.79 $0.00 $5.89 $14.63 $258.51

Table 51: 1-20 at Downtown Connector System-to-System Interchange Cost
Estimate

Capital Costs (In Millions $1,000,000) Total

Capital
Costs

1-20 at Downtown

Connector Cost of Right-of- Cost of Corridor
Construction \WEW, Utilities Contingencies

2-Lane $386.45 $0.00 $9.57 $23.76 $419.78

Cost Savings and Additional Opportunities Cost Estimates

On some of the corridors analyzed in the Managed Lanes System Plan, physical
constraints make implementation of some or all of the base case proposed alternatives
unfeasible from a perspective of cost, environmental impacts, displacements,
infrastructure relocation, etc. and other alternatives had to be considered. In response,
additional alternatives were considered and revised costs developed applied. The
additional opportunities explored included: considering a General Purpose lane
conversion, overlaying existing pavement in lieu of full depth reconstruction, widening as
needed with no overlay, reducing shoulder widths at bridge locations to minimize bridge
replacement costs, and implementing a one-lane per direction alternative in select
corridors.
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Attaining these options entailed revising some of the base case costing assumptions.
Each of these opportunities is discussed in more detail below and any assumptions
varying from the base case cost estimate assumptions are noted. For all of the
additional opportunity cost estimates, the corridor contingency was assumed to be 10
percent, instead of 6 percent as in the base case.

General Purpose Lane Conversion

This opportunity evaluated corridors in which a general-purpose lane could be converted
to a Managed Lane and still achieve an appropriate balancing between General Purpose
and Managed Lane capacity. In corridors with existing HOV lanes, converting a General
Purpose lane in the 2-lane buffer reduced alternative would require no additional
pavement to be constructed. For all of the 2-lane, 3-lane, and 2+2-lane alternatives, the
cost assumptions were the same as the base case.

Overlay Existing Pavement

This cost savings opportunity evaluated the potential of milling and an overlaying the
existing pavement instead of applying full depth reconstruction. Full depth pavement
was assumed only in the new construction portion of the proposed typical section. If the
corridor shoulders were not full depth, the shoulder was assumed to be removed and
replaced with full depth pavement. The assumptions listed below were used in the cost
estimates and vary from the base case assumptions.

= The overlay pavement design structure was as follows:
= Asphaltic Concrete 12.5 mm PEM, 1.5”

= Asphaltic Concrete 12.5 mm SMA, 2”

= 3.5inches Milling

»= Bituminous Tack Coat

= EXxisting central longitudinal drainage systems and existing median drainage inlet
structures were assumed to be maintained.

= Existing box culverts and cross drains were assumed to be maintained and
extended as required.

= Existing median barriers assumed to remain in place.

= EXxisting lighting was assumed in areas with existing medians. This lighting was
assumed to be maintained.

One-Lane Alternative

This opportunity evaluated a one managed lane buffer-reduced alternative in some of
the corridors. In corridors with an existing depressed median being replaced with flush
pavement the following assumptions were used:

= Drainage inlet structures were assumed to be placed at 200 foot longitudinal
spacing

Atlanta Regional Managed Lane System Plan
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= 24-inch longitudinal concrete drainage pipes were assumed to be added along
the median

= A new median barrier was assumed
= New lighting was assumed

Bridge Shoulder Width Reduction

In order to minimize bridge replacement costs, this cost savings opportunity evaluated
reduced shoulder widths under overpass bridges. The inside and outside shoulders for
each alternative were reduced to 2 feet. This opportunity was only evaluated for the 2-
lane alternatives.

Special Cases

The corridors listed below were special cases, in which none of the at-grade base case
alternatives could be applied due to physical constraints. One or a combination of the
above opportunities was utilized in determining the cost estimate for the corridor.

= SR 400 inside of 1-285: No widening was possible along this corridor. Therefore,
a cost estimate was developed for a 1-lane, buffer reduced, General Purpose
lane conversion alternative. In this case, no change in the typical section width
was assumed; therefore, milling and overlay was assumed for the existing
pavement.

= |-20 West Inside of 1-285: Additional at-grade lanes could not be added to this
corridor. Therefore a cost estimate was developed for a 1-lane, buffer reduced,
General Purpose lane conversion alternative. In this case, no change in the
typical section width was assumed.

=  Downtown Connector: No at-grade widening was possible along this corridor. A
cost estimate was developed for a 2-lane buffer reduced alternative, in which the
existing HOV and a General Purpose lane were converted. In this case, no
change in the typical section was assumed.

Corridor Cost Estimates

Shown in the tables below are the corridor cost estimates with the opportunities and cost
savings discussed above applied. For each of the cost savings opportunities, a 10
percent corridor contingency was applied. The overlay existing pavement savings cost
estimates were only developed for the buffer alternatives. In addition, the estimates
reflecting the shoulder reduction at bridges were only developed for the 2-lane
alternatives.
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Table 52: 1-75 North Corridor Cost Estimates (millions)

I-75 North

Atlanta Regional Managed Lane System Plan
Georgia Department of Transportation, Office of Planning

Base
Case

1 GP Lane
Conversion

Managed Lane Engineering Analysis
January 2010

Overlay Existing

Pavement Bridge
Shoulder

Width
Reduction




FINAL Managed Lane Engineering Analysis

January 2010

1 GP Lane Overlay Existing Bridge
Conversion Pavement Shoulder

I-75 North

Table 53: 1-75 South Corridor Cost Estimates (millions)

Overlay Existing

Pavement Bridge
1 GP Lane Shoulder

Conversion Width
Reduction

I-75 South
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Base 1 GP Lane Overlay Existing Bridge
Case Conversion Pavement Shoulder

I-75 South
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Table 54: 1-85 North Corridor Cost Estimates (millions)

Overlay Existing
Pavement Bridge
Base 1 GP Lane Shoulder
Case Conversion Width
Reduction

I1-85 North
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Base 1 GP Lane Overlay Existing Bridge
Case Conversion Pavement Shoulder

I1-85 North
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Table 55: 1-20 East Corridor Cost Estimates (millions)

Overlay Existing

Pavement Bridge
Base 1 GP Lane Shoulder

Case Conversion Width

1-20 East

Reduction
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Table 56: 1-20 West Corridor Cost Estimates (millions)

Overlay Existing .
Pavement Bridge
1 GP Lane Shoulder

Conversion 1 GP Lane Width

1-20 West

Bi- At-
Directional/ Grade/ Separation | Desirable/Reduced
Reversible Elevated

Conversion Reduction
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Table 57: 1-285 South Corridor Cost Estimates (millions)

Overlay Existing :
Pavement Bridge
1 GP Lane Shoulder

Conversion Width
Reduction

I-285 South
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Table 58: 1-285 East Corridor Cost Estimates (millions)

Overlay Existing :
Pavement Bridge
1 GP Lane Shoulder

Conversion Width

|-285 East

Reduction
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Table 59: 1-285 North Corridor Cost Estimates (millions)

Overlay Existing :
Pavement Bridge
1 GP Lane Shoulder

Conversion Width
Reduction

I-285 North
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Table 60: 1-285 West Corridor Cost Estimates (millions)

Overlay Existing :
Pavement Bridge
1 GP Lane Shoulder

Conversion Width

I-285 West

Reduction
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Table 61: 1-575 Corridor Cost Estimates (millions)

Overlay Existing :
Pavement Bridge
1 GP Lane Shoulder

Conversion Width

Reduction

Table 62: SR 400 Corridor Cost Estimates (millions)

Overlay Existing

Pavement Bridge
1 GP Lane Shoulder

Conversion Width
Reduction
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Base 1 GP Lane Overlay Existing Bridge
Case Conversion Pavement Shoulder
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Table 63: Downtown Connector Corridor Cost Estimates (millions)

Overlay Existing

Pavement Bridge
1 GP Lane Shoulder

Conversion Width
Reduction

Downtown Connector

* Convert existing HOV lane and one GP lane

Table 64: 1-85 North Inside of 1-285 Corridor Cost Estimates (millions)

Overlay Existing

Pavement Bridge
1 GP Lane Shoulder

Conversion Width
Reduction

I-85 North Inside of 1-285

** Convert existing HOV lane only

** Convert existing HOV lane and add 1 lane
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Table 65: 1-85 South Inside of 1-285 Corridor Cost Estimates (millions)

. Overlay Existing .
I-85 South Inside of I-285 Pavement Bridge

Base 1 GP Lane Shoulder
Case Conversion Width

Reduction

Table 66: I-75 North Inside of I-285 Corridor Cost Estimates (millions)

: Overlay Existing .
I-75 North Inside of 1-285 Pavement Bridge

1 GP Lane Shoulder
Conversion Width
Reduction

* Convert existing HOV lane only

** Convert existing HOV lane and add 1 lane
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Table 67: 1-75 South Inside of 1-285 Corridor Cost Estimates (millions)

Overlay Existing :
Pavement Bridge
1 GP Lane Shoulder

Conversion Width
Reduction

I-75 South Inside of 1-285

* Convert existing HOV lane only

** Convert existing HOV lane and add 1 lane
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Table 68: 1-20 East Inside of 1-285 Corridor Cost Estimates (millions)

Overlay Existing :
Pavement Bridge
1 GP Lane Shoulder

Conversion Width
Reduction

I-20 East Inside of 1-285

* Convert existing HOV lane only

** Convert existing HOV lane and add 1 lane

Table 69: 1-20 West Inside of 1-285 Corridor Cost Estimates (millions)

Overlay Existing

Pavement Bridge
1 GP Lane Shoulder

Conversion Width
Reduction

I1-20 West Inside of 1-285

* Convert 1 GP lane
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