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3.0 Recommended Bridge Alternatives 
This chapter compares and contrasts the recommended Final 3 Bridge Alternatives and includes visual 
renderings and a discussion of structural analysis, construction cost, constructability, and maintenance 
for each. 
 
3.1 Introduction 
The Bridge Type Selection Process concludes with the following recommended Final 3 Bridge 
Alternatives for the Brent Spence Bridge Replacement/Rehabilitation Project: 
  

 Alternative 1 – Tied Arch; 
 Alternative 3 – Two Tower Cable Stayed (3-Needle-Tower); and 
 Alternative 6 – Single Tower Cable Stayed (2-Needle-Tower). 

 
These Final 3 Bridge Alternatives were developed from over 18 Preliminary Bridge Concepts, of which 12 
were presented to the Project Advisory Committee (PAC) and the public.  In turn, these 12 concepts were 
narrowed to 6 Bridge Type Alternatives.  Additional structural designs and cost estimates were done for 
each alternative, and these Final 3 Bridge Alternatives were selected for further development.  At each 
step of the process, various bridge elements were examined to assist in the development of the 
subsequent alternatives.  
 
While each of the Final 3 Bridge Alternatives has distinct characteristics, there are some elements 
common to all.  The following is a list of these common elements: 
 

 A bridge alignment adjacent to and downstream (west) of the existing Brent Spence Bridge; 
 A double-decked truss superstructure carrying two roadways on each deck, with each roadway 

composed of two or three 12-foot-wide lanes and two 14 foot-wide shoulders; 
 An approximately 1,000-foot main span with piers outside of the main span piers of the existing 

Brent Spence Bridge; 
 A river to superstructure clearance no lower than that of the existing Brent Spence Bridge, and 
 A bridge to work in conjunction with the existing Brent Spence Bridge, to carry the Design Year 

2035 traffic projection of approximately 233,000 vehicles per day. 

 
 
 
 
 
 
 

 
 
 

 
 
 

Alternative 3 – Two Tower Cable Stayed (3-Needle-Tower) 
 

 
Alternative 6 – Single Tower Cable Stayed (2-Needle-Tower) 

Alternative 1 – Tied Arch 
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3.2 Final Bridge Alternative 1 – Tied Arch 
Alternative 1 consists of a 1,000-foot span three rib tied arch with a crown height of approximately 200 
feet and a double deck truss system with a top and bottom deck width of approximately 155 feet and 180 
feet, respectively.  The crown height allows for more slender, aesthetically pleasing arch ribs.  The arch 
ties consist of three 38-foot deep trusses each located at the base of the arch ribs.  Both the top and 
bottom truss chords carry approximately equal tension forces and provide some redundancy to the tie 
system.  The tied arch hangers are connected to the arch ribs at the top and anchored into the truss top 
chords at the bottom.  
 
The deck trusses serving as the arch ties are made continuous over the main span river piers in order to 
eliminate a deck joint at the spring points of the arch. To balance the horizontal forces created by the 
arch ribs, the top and bottom truss chords are large. In contrast, the truss diagonals are relatively small, 
allowing optimal visibility of the surrounding area to those driving along the bottom deck. The outer truss 
planes are inclined to match the slope of the outer arch ribs, providing a visually pleasing effect to those 
driving over the bridge, as well as to those observing from shore.  The arch ribs and the deck truss 
chords feature architectural reveals which evoke a slender appearance to the structure and are intended 
to reference some of the region’s prominent art deco landmarks such as Union Terminal and Carew 
Tower. 
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3.3 Final Bridge Alternative 3 – Two Tower Cable Stayed (3-Needle-Tower) 
Alternative 3 consists of a two towered cable-stayed bridge, with each tower composed of three 335-foot 
tall needles and a 1,000-foot main span. Each tower needle carries a plane of stay cables which in turn 
support a truss at the top deck level. The deck system consists of an approximately 172-foot wide 
double-decked, triple-trussed superstructure. The cables and truss diagonals are inclined at the same 
angle, which provides a smooth visual transition from the light cables to the relatively bulkier truss. In 
addition, the diagonals help distribute the horizontal force of the cables into the top and bottom chords of 
the trusses, where that load can then be carried in part by the concrete deck. This feature maximizes the 
efficiency of the superstructure.  
 
At the towers, the trusses are integrally connected to the concrete needles. This connection has two main 
advantages. First, it minimizes the overall width of the bridge, an important consideration with historic 
structures to both the east and west of the span. Second, the integral truss/tower connection eliminates 
the requirement for costly tower bearings, which would require periodic replacement. 
 
This alternative’s clean geometry is defined by crisp, simple lines. The harp-strung cables afford drivers 
unfettered views of the region’s other Ohio River bridges and downtown Cincinnati, Ohio and Covington, 
Kentucky. This bridge’s austere design also serves as a counterpoint to the complicated geometry of the 
other bridges along the riverfront without overcomplicating the downtown skyline. 
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3.4 Final Bridge Alternative 6 – Single Tower Cable Stayed (2-Needle-Tower) 
Alternative 6 consists of a single tower cable stayed bridge with an approximately 1,023-foot main span. 
The single tower is composed of two 500-foot tall needles supporting an approximately 155-foot wide 
double-decked truss superstructure via two planes of doubled cables, which connect to the top chord of 
the edge trusses. The trusses distribute the horizontal cable load evenly to the top and bottom deck of 
the superstructure, a structurally efficient means of carrying these forces.  
 
As on Alternative 3, the trusses of Alternative 6 are designed to be integral with the towers, which 
eliminates the necessity for a truss bearing at the tower, while also minimizing the width of the bridge. 
 
The tower of the bridge will be one of the tallest structures on the riverfront, and will be visible from 
vantages on both sides of the river, despite the adjacent truss bridges upstream (east) between the new 
bridge location and the downtowns of Cincinnati and Covington. As such, this bridge alternative will serve 
as a landmark, updating the skyline of both Cincinnati and Covington, with its simple geometry producing 
a monumental structure. 
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3.5 Comparison of the Final 3 Bridge Alternatives 
Table 3-1 presents a comparison of the Final 3 Bridge Alternatives. 
 

Table 3-1. Bridge Type Alternatives 
 

 
 
3.5.1 Design Considerations 
Structural analyses of dead load, live load, wind load and seismic load were performed on each of the 
Final 3 Bridge Alternatives.  The strength of major structural members was also verified. All of these 
analyses were based on simplified models that confirmed the major member sizes of the structures.  
 
Current highway design requirements state the bridge should carry 11 to 12 traffic lanes over a maximum 
span of approximately 1,000 feet. However, the American Association of State Highway Transportation 
Officials (AASHTO) code requires that the bridge be designed to carry 20 traffic lanes. This will 
accommodate future widening of the roadway into the provided shoulders.  This combination of span and 
load is particularly demanding and requires very special design considerations.  One example of this 
special detailing is the angle change in the arch rib of Alternative 1 (tied arch bridge).  This angle change 
causes the top and bottom chord of the truss to share the arch tie force, rather than using the diagonals 
to transfer the differential tensile tie loads.  
 
On Alternative 3 (two tower cable stayed bridge) and Alternative 6 (single tower cable stayed bridge), the 
superstructure flanking either side of each tower is designed to take advantage of the approximate 30-
foot truss depth in order to be self-supporting.  This detail reduces the demand on the cables closest to 

each tower, while maintaining the openness of the architectural concept.  Additionally, the trusses are 
directly fixed to the needle towers of the cable stayed spans rather than being supported on bearings at 
the tower, as is traditionally done.  As a result, the overall width of the structure is narrower and reduces 
interferences with existing structures.  This also eliminates bearings, which require regular inspection and 
occasional replacement. 
  
For Alternative 1, (tied arch bridge) bearings will be used to support the vertical load of the tied arch, 
which is in the order of magnitude of 28,000 kips.  This will require dual disk bearings to keep the bearing 
diameter under five feet. A disk bearing manufacturer was consulted and indicated that the dual disk 
bearing detail was feasible.  
 
On each of the Final 3 Bridge Alternatives, a barge impact protection wall is provided to protect the river 
piers up to the 100-year flood level.  The wall is designed to be hollow in order to reduce the load on the 
foundation.  
 
The bridge approaches are designed to be double deck trusses consisting of multiple 200-foot spans.  To 
date, the approach span design has not been optimized in this study.  However, a preliminary design was 
performed for cost estimate purposes.  
 
Drilled shaft foundations were selected for the bridges because of their high load carrying capacity in 
axial load and in bending.  Eight-foot diameter drilled shafts were used for all foundations in order to 
simplify the cost comparisons.  While drilled shafts are the most likely choice for the main span pier 
foundations, during final design, all foundations will be based on site-specific conditions, including the 
potential use of displacement piles in the Duke Energy property to minimize environmental impacts. Final 
foundation recommendations will be made during detail design.  
 
Due to the heavy weight of the double deck superstructure, Alternatives 3 and 6 require approximately 
200 strands at each cable support point.  This exceeds the industry standard of a maximum of 127 
strands/cable for a typical cable stayed bridge.  Therefore, each cable support point will be carried by a 
pair of cables.  This double cable detail brings the cable sizes to within common industry practice and 
simplifies the design of the cable to truss and cable to tower connections. 
 
On Alternative 1, the tied arch unit extends one truss span past the arch span.  This detail eliminates the 
deck joint at the spring points of the arch, which is a heavily congested area of the bridge, and simplifies 
the arrangement of the bearings.  On Alternative 3, the two tower cable stayed bridge unit extends one 
span past each cable-supported back span to reduce the counterweight demand and move the deck 
joints away from the anchor pier. 
 

Construction 
Cost Constructability Maintenance and 

Durability

Major 
Rehabilitation 

Feasibility

1
  KY:  $484.6 M
  OH:   $86.1 M
Total: $570.7 M

Construction will be 
complicated by the 
inclined arch and 

slowed by the 
requirement to maintain 

river traffic.

     Items included in
        M&D will be:
1. Standard Inspections
2. Overlay Replacement
3. Painting of Steel

     Items included in
        rehab will be:
1. Deck replacement
2. Future Widening
3. Hanger Replacement

3
  KY:  $538.0 M
  OH:  $130.6 M
Total: $668.6 M

Cantilever construction 
of the superstructure 

will minimize 
interference to river 

traffic.

     Items included in
        M&D will be:
1. High-Tech 
    Inspections
2. Overlay Replacement
3. Painting of Steel

     Items included in
        rehab will be:
1. Deck replacement
2. Future Widening
3. Stay-Cable 
    Replacement

6
  KY:  $478.6 M
  OH:  $167.8 M
Total: $646.4 M

Cantilever construction 
of the superstructure 

will minimize 
interference to river 

traffic.

     Items included in
        M&D will be:
1. High-Tech 
    Inspections
2. Overlay Replacement
3. Painting of Steel

     Items included in
        rehab will be:
1. Deck replacement
2. Future Widening
3. Stay-Cable 
    Replacement

Criteria

Bridge Type Alternatives
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On Alternative 6 (single tower cable stayed bridge), an orthotropic steel deck was selected for the main 
span in order to reduce the self weight.  When it is combined with a concrete deck on the back span, this 
arrangement will balance the dead load moment at the base of the tower. 
 
3.5.2 Construction Cost 
For each of the Final 3 Bridge Alternatives, a preliminary summary of quantities was developed to include 
items expected to contribute significantly to the cost.  Contingencies were included for items not 
estimated or currently anticipated.  These material quantities and an assumed construction method were 
the basis for the estimated construction cost.  
 
Because the cable stayed and arch main spans of the Final 3 Bridge Alternatives are of different length, 
the bridge cost estimates are based on the cost of the main bridge unit plus the approaches required to 
cover the same 2,200 feet between two fixed points.  The approach span costs per square foot are based 
on an assumed 200-foot approach span. 
 
Construction costs are based on 2010 costs inflated to the median construction date for each bridge 
alternative with an anticipated start of construction date of January 2016.  An inflation rate of 37.6 percent 
was used for Alternative 1 based on a three year estimated construction schedule with a median 
construction date of June 2017.  An inflation rate of 41.0 percent was used for Alternatives 3 and 6 based 
on a four year estimated construction schedule with a median construction date of January 2018.  The 
ODOT FY 2010-2011 Business Plan Inflation Calculator was used to calculate the inflation rates. 
 
The estimated construction cost for the alternatives are presented in Tables 3-2 and 3-3. 
 

Table 3-2. Main Bridge/Approach Span Cost Breakdown 
 

Alternative Main Bridge ($M) Approaches ($M) Total ($M) 

1 - Tied Arch $358.3 $212.4 $570.7 
3 - Two Tower Cable Stayed $632.3 $36.3 $668.6 
6 - Single Tower Cable Stayed $561.1 $85.3 $646.4 

 
Table 3-3. Main Bridge/Approach Span Cost Breakdown by State 

 

Alternative 
Main Bridge Approaches Total 

KY Cost 
($M) 

OH Cost 
($M) 

KY Cost 
($M) 

OH Cost 
($M) 

KY Cost 
($M) 

OH Cost 
($M) 

1 - Tied Arch $358.3 $0.0 $126.3 $86.1 $484.6 $86.1 
3 - Two Tower Cable Stayed $532.8 $99.5 $5.2 $31.1 $538.0 $130.6 
6 - Single Tower Cable 

Stayed $393.3 $167.8 $85.3 $0.0 $478.6 $167.8 
 

3.5.3 Constructability 
Construction of the Final 3 Bridge Alternatives will be very difficult due to the double deck configuration 
and large size of the structure.  Geometry control, especially cambering of the deck trusses, will be 
especially difficult.  However, despite the inherent difficulties, construction of these alternatives is 
feasible.  
 
One method of erecting Alternative 1 in place would require a temporary cable stayed system before and 
after the arch rib closure.  This would be expensive and risky.  Another possible option is to erect the 
complete tied arch on land, place it on barges and then lower it on to the bearings and piers.  This 
erection method would cost less and requires less time to complete than the other method.  However, it 
would require the complete closure of the Ohio River for several hours.  If Alternative 1 is selected for 
construction, the construction method to be used would be determined through coordination with the US 
Coast Guard. 
 
For Alternatives 3 and 6, cable stayed bridge superstructure construction would be traditional.  The truss 
members, floorbeam, stringers and precast deck panels will be erected by balanced cantilever method.  
The members and materials would be delivered under the bridge by barge. Floating cranes or deck 
gantries would lift the structural members to their final position.  It is expected that the construction barge 
would be narrow enough to allow normal river traffic operations. 
 
For the Final 3 Bridge Alternatives, the footing of the river foundations will be constructed on drilled shafts 
inside cofferdams.  
 
Construction schedule was considered in the analysis of the Final 3 Bridge Alternatives with regards to 
constructability and the construction cost estimates.  The construction schedule for Alternative 1 was 
based on the offsite construction/float-in method and is expected to take approximately 2.5 to 3 years.  
The construction schedule for Alternatives 3 and 6 was based on the cantilever construction method.  
Alternatives 3 and 6 are expected to take approximately 3.5 to 4 years to construct, with Alternative 6 at 
the higher end of that range due to the possibility of unpredictable construction delays related to the 
single tower construction.  Any such delays could be minimized by initiating the erection of the back and 
main span trusses before the completion of the tower construction. 
 
3.5.4 Maintenance 
Accessibility and maintenance were considered in the design of the alternatives.  The box shaped truss 
members were sized and arranged to allow people to work inside the member, and every corner 
designed to be accessible for inspection, painting, and other maintenance work. The foundations of all 
Final 3 Bridge Alternatives are concrete footings supported by drilled shafts into rock, which are 
extremely durable items.  
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For Alternatives 3 and 6, neither cable stayed alternative has any bearing at the tower.  This eliminates 
the requirement of inspection, maintenance and replacement.  For Alternative 1, the bearings supporting 
the tied arch ribs are very large. A disk bearing system is recommended for its reliability and low 
maintenance requirements.  
 
Painting is required for all steel truss members, floorbeams, and stringers. In addition, because the main 
span of Alternative 6 utilizes a steel orthotropic deck, the underside of that steel deck will require 
painting.  
 
Stay cables and arch hangers require regular bi-annual inspection but generally do not require much 
maintenance. However, if deterioration of the stays or hangers does occur, replacement is feasible.  
 
The cable stayed bridge deck shares load with the truss chords to resist the horizontal component of the 
cable force. A very low permeability overlay is required to protect the concrete reinforcement or 
orthotropic deck plate from chloride attack. Good maintenance of the deck overlay will determine the life 
span of the deck and bridge. 
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