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1.0

PROJECT OVERVIEW

1.1

Project Description and Purpose

The City and County of Denver (CCD) has identified the need for several transportation
improvements along South Broadway Street between Exposition Avenue and Arizona Avenue in
the south-central part of the city. The purpose of the project is to create a South Broadway
corridor that provides safe and efficient mobility for all modes (automobile, transit, bicyclists, and
pedestrians), which accommodates the transportation needs of existing and proposed land use,
businesses, neighborhoods, and the I-25 and RTD Broadway Station area.
An Environmental Assessment (EA) was recently completed which evaluated several
alternatives for addressing the needs, and resulted in the selection of a preferred alternative for
the preliminary design of the corridor. A 30% design effort is currently being executed to identify
right-of-way needs for the project, and to identify individual segments of construction that can be
completed as funding is made available.
This report addresses the structural requirements that have been identified in carrying forward
the 30% design. It summarizes the structure types considered for the project, and provides
recommendations for the structure types included with the design.

1.2

Site Location

The project is located entirely within the City and County of Denver, extending for approximately
0.6 miles along South Broadway Street from Arizona Avenue north to Exposition Avenue.
Improvements at the intersections at Mississippi, Kentucky, and Ohio Avenues are included in
the project. The South Broadway/I-25 interchange will also be reconfigured, requiring
construction of new on-ramps from Broadway onto both Northbound and Southbound I-25.

1.3

Proposed Structures

The following summarizes the structure requirements for the project. Expanded discussions and
evaluations for each structure are found later in the report. Refer to the Structure Location Map
in the Appendix
Ramp 1 Structures
Ramp 1 will provide access from South Broadway onto Southbound I-25. The ramp features a
button-hook alignment, directed initially to the west, but eventually turning to the east. The
elevation of the ramp begins to climb under the existing I-25 viaduct, and continues to climb
vertically until it reaches its high point over the center of South Broadway. East of South
Broadway, the ramp declines until it runs into Southbound I-25.
Bridges will span a bicycle/pedestrian crossing near the RTD Broadway Station (Access
Bridge), and South Broadway (Ramp 1 Bridge). Retaining walls will line both the north and
south sides of a majority of the ramp, starting west of the Access Bridge (Ramp 1 Walls 1A and
1C), and between the bridges (Ramp 1 Walls 2A and 2C). East of the Ramp 1 Bridge, a
retaining wall will only line the south side of the ramp (Ramp 1 Wall 3B). The area between the
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ramp and the existing MSE wall along Southbound I-25 will be in-filled for the full height of the
new ramp, which generally follows the profile of I-25.
Ramp 2 Structures
Ramp 2 will replace an existing loop on-ramp from South Broadway to Northbound I-25. A
drainage pond is to be located within the new loop ramp, where several building structures are
to be removed. The rim elevation for the pond will be approximately at the existing ground
elevation. The new ramp will rise upwards of 22 feet above the existing ground as it ties into
Northbound I-25. Side-slope grading from the ramp towards the center of the loop was
considered, but a properly sized pond would not have been accommodated by the significant
side-slope infill that was required. Thus, a wall was placed on the inside of the loop ramp (Ramp
2 Wall 1) to provide the area required for the drainage pond, and other pedestrian amenities.
The east side of Ramp 2 will require a wall (Ramp 2 Wall 2) due to its proximity to the off-ramp
from Northbound I-25 to Ohio Avenue and South Broadway.
The existing loop ramp onto Northbound I-25, which is constructed with retaining walls, will be
removed as needed to expand an existing water quality pond. The existing concrete wall panels
on the face of the mechanically stabilized earth (MSE) wall may be salvaged and re-used in the
landscaping plan west of South Broadway.
Mississippi Avenue
The improvements at the Broadway/Mississippi intersection include the addition of a new turn
lane along Mississippi, requiring a widening of the roadway. Existing retaining walls along the
north side of Mississippi west of Broadway will be removed and replaced to accommodate the
widening. The existing sidewalk in this area will also be widened to enhance pedestrian and
bike travel.
Two existing tiered cast-in-place concrete walls will need to be removed to allow for the
roadway widening and new wall construction. The existing lower wall adjacent to Mississippi will
be completely removed east of an existing access bridge parallel to BNSF rail bridges spanning
Mississippi. A new wall (Mississippi Wall 2) will be constructed along the new Mississippi
Avenue alignment. Most of the upper wall along the north side of the existing sidewalk will be
removed and replaced with a new wall (Mississippi Wall 1). Some of the lower portions of the
existing upper wall will remain so the excavation required for the wall removal/construction can
be minimized. The new 10 foot sidewalk will be aligned between the upper and lower walls,
similarly to the existing condition.
A 30 inch waterline is aligned behind the existing walls, and just north of that is the basement
level of an abandoned Gates Rubber Factory building. A section of the waterline will need to be
lowered to avoid the new sidewalk and upper wall alignment. To date, the building removal has
not been planned, thus it has been assumed that the wall construction will occur with the
existing structure present. Shoring for the waterline relocation is likely. Shoring for the wall
construction may also need to be considered to maintain all work within the City right-of-way,
which generally aligns approximately 3 feet off the south face of the building.
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1.4

Construction Funding

Construction funding has not been identified for any of the project locations in which there are
structures. The three structure areas identified above (Ramp 1, Ramp 2, and Mississippi
Avenue) are currently incorporated into 3 separate project construction segments, which may be
constructed at different times as funding allows. It is not anticipated that any of the structure
areas will be further divided into smaller construction segments. The final design approach and
design criteria for each construction segment will be influenced by the source of the funding. For
the purposes of the discussion throughout the report, it will be assumed that the design and
construction will be conducted under City and County of Denver guidelines .
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2.0

DESIGN CRITERIA

2.1

Bridge Design Criteria

The bridge evaluations and designs will be conducted using the following criteria:
Specifications
 CDOT Bridge Design Manual and applicable technical memorandums and specifications
 AASHTO LRFD Bridge Design Specification (Fifth Edition, 2010)
 2011 CDOT Standard Specifications for Road and Bridge Construction with current
project special provisions and standard special provisions as appropriate
 Live Load: LRFD HL-93 Design Truck or Tandem, and Design Lane Load
 3-inch Hot Mix Asphalt overlay on bridges
Materials
 Concrete: Cast-in-place concrete, CDOT Class D, f’c = 4,500 psi
 Reinforcement: Grade 60 Reinforcing Steel. Epoxy coated reinforcing steel in corrosive
environments

2.2

Retaining Wall Design Criteria

The retaining wall evaluations and designs will be conducted using the following criteria:
Specifications
 CDOT Bridge Design Manual and applicable technical memorandums and specifications
 AASHTO LRFD Bridge Design Specification (Fifth Edition, 2010)
 2011 CDOT Standard Specifications for Road and Bridge Construction with current
project special provisions and standard special provisions as appropriate
 Load and Resistance Factor Design (LRFD) for Cast-in-Place concrete walls
 Allowable Stress Design (ASD) for Mechanically Stabilized Earth (MSE) walls
 Earth Pressure, surcharge, and foundation designs as recommended by Geotechnical
Report
Materials
 Concrete: Cast-in-place concrete, CDOT Class D, f’c = 4,500 psi
 Reinforcement: Grade 60 Reinforcing Steel. Epoxy coated reinforcing steel in corrosive
environments.
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3.0

AESTHETICS

3.1

Bridge Aesthetic Considerations

The South Broadway EA recommended the new bridge over Broadway along Ramp 1 have a
paint and texture selected to match the existing I-25 interchange structures. The existing I-25
viaduct bridge was constructed with cast-in-place concrete piers and abutments, and precast
concrete U-girders. The cast-in-place concrete finishes consisted of a mixture of Class 1
(ordinary), Class 2 (rubbed), and Class 4 (sand blasted) finishes in accordance with CDOT
specifications. Class 1 and 4 finishes were applied to the bridge piers and abutments, and the
bridge railings were treated with a combination of Class 2 and 4 finishes. The new bridge piers
and railings will receive the same concrete finishes as the viaduct. The precast concrete girders
were delivered with a pre-cast grade finish, and had no additional treatment in the field. The
new Ramp 1 bridge girders will receive the same treatment.
Two shades of gray concrete stain were used on the existing viaduct bridge: Federal Color No.
25630 on a majority of the bridge rail, girders, piers, and abutments; and Federal Color No.
36357 on recessed areas of the bridge rail and piers that received the Class 4 finish. The new
bridges will be stained in the same fashion on the same elements.
The bridge rails on the I-25 viaduct were constructed with a continuous 3 inch deep reveal on
the outside, which will be matched on the new bridge rails. The pier column sections on the new
bridge will resemble those on the existing viaduct off-ramp just south of the proposed ramp. The
bridge abutments will be full height cast-in-place concrete abutments. The tall concrete
abutments will match the aesthetics of the adjacent retaining walls, which will also be cast-inplace concrete. This is a change from the existing I-25 viaduct bridge, which has “stubby”
abutments that are wrapped with mechanically stabilized earth (MSE) construction. The City
prefers cast-in-place concrete walls over MSE construction, due to performance issues on other
MSE construction in the region (both City and CDOT projects). The walls of the bridge
abutments will be treated to match the aesthetics of the retaining walls, which is discussed
below.

3.2

Retaining Wall Aesthetic Considerations

Ramp 1 and Ramp 2 Walls
The retaining walls along Ramps 1 and 2 will be full height cast-in-place concrete walls. The
existing walls along I-25 and the on/off-ramps in the vicinity are MSE wall construction, with
precast concrete panel facing. The primary panels are 10 feet long x 5 feet high, with 5 foot
square panel “columns” spaced at 40 feet on-center along each wall length. The 5’ square
panels are raised relative to the 10 foot x 5 foot panels, creating relief in the wall pattern. The
tops of the MSE walls have concrete rails mounted on rail slabs. The backs of the rails continue
the 3 inch continuous relief noted on the bridge rails. Below the railing is a coping section, which
combined with the rail section provides a 5.75 foot high continuous section along the length of
the walls.
The new retaining walls will feature similar raised columns at 40 foot intervals, and a similarly
detailed 5.75 foot high section running continuously along the tops of the walls. The railings
along the tops of the walls will have a continuous 3 inch relief band, matching the existing
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adjacent bridges and walls. The recessed wall areas between the columns will be treated with a
form-lined finish selected by Design Workshop to complement the proposed landscaping along
the north sides of both Ramp 1 and Ramp 2. The proposed form-lined pattern cast with the
retaining wall will be a wooden plank pattern, with 1.5 inch wide planks with random relief
depths up to 0.75 inch maximum (Fitzgerald Form-liners Pattern 16938, or similar). The walls
will receive the same concrete finishes and stain colors that are on the adjacent existing walls.
Mississippi Avenue Walls
The existing retaining walls, access bridge, and railroad bridge at the Mississippi Avenue
underpass west of South Broadway have a fractured fin pattern finish. The bridge structure
features decorative steel railings that were mounted on top of the concrete bridge railings, to
provide the minimum 4.5 foot barrier height required for areas with pedestrian and bicycle
access. The railing was a recent addition to the bridge, and will remain. The sidewalk along the
north side of Mississippi is lined with a continuous 4.5 foot high railing, constructed with 3
continuous 6 inch x 2 inch aluminum tubes mounted on aluminum channel posts at 10’ oncenter.
The retaining walls being replaced east of the existing access bridge over Mississippi will
receive a patterned finish similar to that proposed for the new retaining walls along Ramps 1
and 2. Raised 5 foot wide “columns” will be cast in the walls at 30 feet on-center, and the same
wooden plank form-lined finished applied to the balance of the walls.
The new railing along the top of the upper wall (Mississippi Wall 1) will match the existing railing
on the adjacent access bridge over Mississippi. The combination concrete parapet with the
mounted steel railing section will be replicated. The new railing along the top of the lower
retaining wall (Mississippi Wall 2) will be a steel railing with a similar aesthetic look to the upper
railing, modified to provide the bike and pedestrian safety requirements prescribed by AASHTO.
Matching the three-tube configuration of the existing railing along the sidewalk continuing under
the access bridge to the west is not recommended, since it would not meet current AASHTO
safety requirements. The new railing along the top of Mississippi Wall 2 will be painted with an
aluminum or other metallic finish to match the color of the existing railing to the west.
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4.0

EVALUATION PROCESS

The evaluation process for both bridges and all the retaining wall was developed to ensure the
most appropriate structures were chosen for the project. Each structure will be evaluated based
upon several criteria that address the requirements and priorities of the project. The criteria
discussed for each structure type will include:
Bridges:
 Construction Cost
 Aesthetics
 Geology Data
 Durability or Proven Performance
 Roadway and Pedestrian Impacts
 Phasing/Constructability/Utility Issues
Retaining Walls:
 Construction Cost
 Aesthetics
 Maintenance
 Design Life and Proven Performance
 Constructability and Utility Issues
 Right of Way Impacts
The recommended structure type will be that which best addresses these issues, and other
items specific to the structure locations.
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5.0

BRIDGE EVALUATION

5.1

Access Bridge

EA Recommendation
The proposed Access Bridge is located towards the west end of Ramp 1, in proximity of RTD’s
Broadway Light Rail Station. The South Broadway Environmental Assessment had
recommended an access beneath Ramp 1 at this location to provide a direct path for
pedestrians and bicyclists from the Ohio Ave./Broadway intersection to the Broadway Station. A
19 foot wide by 9 foot clear height precast concrete structure crossing perpendicularly beneath
Ramp 1 was identified in the EA conceptual design to serve this purpose.
Modifications for Pedestrian, Bicycle, and Parking Access
The addition of Ramp 1 and other elements of the proposed South Broadway improvements will
impact the current parking configuration for RTD’s Broadway Station, thus considerations for
parking mitigation have been incorporated into the design. The north side of Ramp 1, west of
Broadway has been identified as a potential parking area. Access to the parking from the south
side of Ramp 1 has been investigated at the same location originally designated for the
pedestrian and bicycle access.
The available underpass clearance is constrained vertically by the rising Ramp 1 profile, and the
declining Southbound I-25 off-ramp to Broadway aligned directly to the south. The horizontal
constraints for the access have been established to the west by the Ramp 1 profile (where the
minimum clearance can be established), and on the east side by the existing off-ramp bridge
abutment.
A minimum 16 foot wide multi-use trail (10 foot Bike Path with 2 – 3 foot Recovery Zones) on a
raised sidewalk was assumed, which meets the City’s Bridge Underpass Typical Section
standard. The parking access was assumed to be 2 – 11 foot wide lanes, with 2 – 1.5 foot curb
and gutter sections, and a 1.5 foot concrete paved separation between the curb and east wall.
Thus, the total minimum width assumed for the combined trail and parking access is 42.5 feet.
Based on field-surveyed elevations along the bottom of the existing off-ramp bridge, a minimum
vertical clearance of 8 feet is available for the parking access, and nearly 9 feet available over
the proposed trail. Assuming a maximum structure depth of 2.5 feet for the Access Bridge, the
Ramp 1 profile was set to provide a minimum 8 foot clearance over both the trail and parking
access. Grading to points north and south of the access bridge generally matched existing
grades in the vicinity, thus a “sump” condition beneath the Access Bridge was avoided.
There is a possibility that the parking lot north of Ramp 1 will not be required in the final design.
However, it was determined that the widened area under the Access Bridge would benefit the
Multi-use trail users by creating improved visibility through Ramp 1 than was proposed in the
EA. This will allow trail users to better see the Broadway Station from north of the ramp, and will
be an overall safer crossing beneath the ramp.
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Bridge General Layout
Bridge Width
The proposed bridge will provide 2 – 12 foot traffic lanes along Ramp 1, an 8 foot outside
shoulder, a 4 foot median shoulder, and two 1.5 foot wide bridge rails for a total bridge width of
39 feet. Refer to Figure 2 in Appendix A.
Bridge Length
To accommodate the 42.5 clear span described above, the overall single span bridge length,
from back of abutment to back of abutment, will be 48.5 feet. Refer to Figure 1 in Appendix A.
Conventional 20-foot approach slabs will be constructed at each end of the bridge, per CDOT
standards. Bridge expansion joints will be installed at the ends of the approach slabs to
accommodate temperature movement in the bridge, but also to accommodate longitudinal
temperature movement in the ramp pavement off the bridge, which is anticipated to be concrete.
Bridge Superstructure
The Ramp 1 roadway profile was set to accommodate the minimum project design speeds for
the ramp, the vertical constraints described above at the Access Bridge, and the required Ramp
1 Bridge clearance over South Broadway. The EA also required that Ramp 1 not be higher than
the existing I-25 viaduct so the views from the West Washington Park Neighborhood would be
preserved. After the Ramp 1 profile was set to all these constraints, and assuming a 2.5 foot
structure depth at the Access Bridge, the resulting clearance achieved over the trail is 8.5 feet.
To accommodate a maximum structure depth of 2.5 feet, the only practical alternative is Precast
Prestressed Concrete Adjacent Box Girders. Placed side by side, 20 inch deep box girders work
efficiently for this span. Refer to Figure 4 in Appendix A. A minimum 6 inch concrete deck is
placed atop the girders. A waterproofing membrane on the concrete deck, topped with a 3 inch
asphalt overlay is recommended for the superstructure, including the approach slabs. The
waterproofing and asphalt overlay provides the best level of protection for the bridge deck, and
the asphalt overlay provides some traffic noise attenuation. The I-25 viaduct has an asphalt
overlay for noise reduction purposes, which was a concern for the West Washington Park
neighborhood. The total structure depth will be approximately 29 inches, which is less than the
2.5 foot (30 inch) requirement.
Bridge Substructure
Tall concrete abutments will be utilized to minimize the span length necessary for the bridge,
and eliminate the need for grading at the abutments. Full height wingwalls will be provided
parallel to the ramp, extending as needed to accommodate the bridge approach slabs. The tall
abutments and wingwalls will be finished to match the adjacent cast-in-place concrete walls,
providing aesthetic continuity between the walls and abutments.
The substructure selection was determined largely by the City’s preference for cast-in-place
concrete wall construction over mechanically stabilized earth (MSE) wall construction. If MSE
walls were to be used along Ramp 1, a stubby integral abutment would be utilized, wrapped
with MSE wall construction below. The wrapped abutment configuration was used throughout
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the I-25 viaduct construction, including the adjacent Southbound I-25 off-ramp to Broadway.
See Figure 5 in Appendix A for details of the tall abutment and wrapped abutment options.
Costs for the bridge alternative with stubby abutments wrapped with MSE walls will be provided
for information only in Appendix B. This alternative is being documented in the event CDOT
were to procure the construction of the bridge and walls along Ramp 1 with federal funding,
which could result in the use of MSE walls as the preferred alternative.
Geology Data
According to the preliminary geotechnical investigation, and information attained from the recent
I-25 viaduct construction plans, bedrock is estimated to be approximately 20 feet below existing
grade at this location. Both pile and drilled shaft foundation alternatives, anchored in the
bedrock, are applicable for this site. However, drilled shaft foundations will be recommended to
eliminate the need for mobilization of a pile contractor (drilled shafts will be necessary for the
Ramp 1 Bridge piers for both strength and constructability reasons).
Construction Phasing / Constructability
Special construction phasing requirements for the Access Bridge should not be required. The
bridge is located away from live traffic, but will be located within the existing parking area north
of the Southbound I-25 off-ramp. Once the parking has been cordoned off, the bridge
construction will be fairly conventional.
The existing off-ramp bridge to the south will be less than 10 feet away from the new bridge.
The east abutment of the existing bridge, which is wrapped by MSE walls, will be adjacent to the
new bridge abutment. Excavations for the new bridge construction will need to be limited to
maintain the stability of the existing MSE walls. However, shoring or underpinning of the existing
walls is not anticipated to be required.
Drainage / Hydraulic Considerations
Ramp 1 drainage from the high point east of the Access Bridge will be intercepted before it
reaches the east expansion joint of the bridge. Drainage on the Access Bridge will be captured
with an area drain on the south side of the west approach slab, to prevent any drainage from
crossing the west expansion joint.
There are no hydraulic or drainage concerns below the bridge.
Lighting Requirements
The multi-use trail and parking access planned for beneath the bridge will need to be lighted
appropriately for visibility and safety. The lighting alternatives should be mounted on the face of
the bridge abutments, rather than suspended from beneath the bridge girders, due to the low
vertical clearances.
The lighting for Ramp 1 is currently assumed to be provided from mid or high mast overhead
lighting that will not be attached to the bridge, thus no special mounting details are required.
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Utilities
The project utility investigation is being conducted by Goodbee and Associates through the
project corridor. Two existing utilities have been identified to be in proximity of the proposed
Access Bridge. An electrical line along the south side of the proposed bridge serves site lighting,
and should be relocated from beneath the bridge footprint. An existing inlet and storm pipe at
the proposed southeast wingwall are proposed to be relocated and replaced, thus will have no
impact on the bridge construction.
Evaluation and Recommendations
The precast culvert alternative recommended in the EA has been replaced with a larger
structure providing expanded accessibility and safety benefits. A bridge structure is currently
recommended for the new condition.
A Precast Prestressed Concrete Adjacent Box Girder bridge with tall concrete abutments is
recommended as the most viable option for the bridge. No other alternatives were considered,
due to the vertical clearance constraints at bridge. The estimated structure cost is $343,000 or
$181 per square foot. The higher than average square foot cost is due to the relatively small
size of the bridge, and the use of the tall concrete wall abutments. Refer to the Preliminary
Opinion of Probable Construction Costs in the Appendix.
The estimated structure cost for a Precast Prestressed Concrete Adjacent Box Girder bridge
alternative with stubby abutments and MSE walls wrapped about the abutment has also been
provided for information only in Appendix B.

5.2

Ramp 1 Bridge

Bridge General Layout
Bridge Width
The proposed bridge will provide 2 – 12 foot traffic lanes along Ramp 1, an 8 foot outside
shoulder, a 4 foot median shoulder, and two 1.5 foot wide bridge rails for a total bridge width of
39 feet. The 39 foot bridge section will be maintained throughout its length.
Bridge Profile
The Ramp 1 roadway profile was set to accommodate the minimum project design speeds for
the ramp, the vertical constraints described previously for the Access Bridge, and the required
minimum 16.5 foot Ramp 1 Bridge clearance over South Broadway. The EA also required that
Ramp 1 not be higher than the existing I-25 viaduct so the views from the West Washington
Park Neighborhood would be preserved. The Ramp 1 profile was set to all these constraints,
initially assuming a 6.25 foot structure depth spanning over South Broadway, including a portion
of a turn lane from the Southbound I-25 off-ramp onto Broadway.
A pier column for the new bridge has been aligned with the existing I-25 viaduct piers to the
north, within the median of South Broadway. The crest of the Ramp 1 vertical curve has been
set near this column to assure the constructability of the vertical curve in the superstructure. The
bridge girders are assumed to be the lowest structural element over any portion of the roadway,
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which will be used to set the 16.5 foot clearance. Any pier element set below the bottom of the
girder elevation will be located over the center median, to avoid raising the Ramp 1 profile.
Bridge Length per the EA
A two span bridge alternative was considered first, following the recommendations provided in
the EA documents. The layout indicated a west span of approximately 130 feet, and an east
span of approximately 140 feet, with walled abutments located at each end aligned parallel with
South Broadway. Spans at this length would require post-tensioning in order to maintain the
6.25 foot structure depth proposed in the EA.
Modified Bridge Length
While considering the two span post-tensioning option, it was determined that adding additional
end spans that are approximately 2/3 the length of the two middle spans would help with the
constructability of the post-tensioned alternative. The extra spans allow for multiple splice
locations along the superstructure length, which will dictate where temporary supports are set
for the bridge construction. Ideally, the temporary supports should be set away from South
Broadway traffic, which is likely to have varying alignments during construction.
Visual and safety benefits will be realized by the addition of end spans. At the west end,
replacing 100 feet of retaining walls with an extra span of bridge provides more visibility beneath
the three parallel bridges in this area (the I-25 viaduct, the existing light rail bridge, and the new
Ramp 1 Bridge), creating a safer environment for drivers, bicyclists, and pedestrians. At the east
end, the additional span allows an existing sign bridge to stay in place without modification. The
bridge will also span over existing injection wells used for treating contaminated groundwater on
the east side of Broadway. Rather than bury the site with walls, the area will remain accessible
for the treatment operations, and will not need to be relocated.
The bridge abutments were set approximately 450 feet apart to accommodate the
constructability, visibility, and accessibility issues noted above. Various spans were considered
spanning east and west from the center pier set at the center of the South Broadway median.
Underground utility locations, bridge constructability, and traffic phasing along South Broadway
were among several key considerations for placing the bridge piers. Refer to Figure 3 in
Appendix A for the general layout. The span configurations, and the applicable superstructure
types are discussed in the next section.
Bridge Superstructure
The following alternatives were considered for the construction of the Ramp 1 Bridge: Precast
Prestressed Concrete U Girders (Alternative A), Precast Prestressed/Post-tensioned Concrete
U Girders (Alternative B), and Precast Prestressed Concrete Bulb Tee Girders (Alternative C).
Alternative A: Precast Prestressed Concrete U Girders
The four-span alternative using Precast Prestressed Concrete U Girders will have spans of
110.5 feet, 125.0 feet, 125.0 feet, and 93.5 feet. Each span will consist of three lines of 60 Inch
Precast Prestressed Concrete U Girders spaced at 13.0 feet on-center with a minimum 8 inch
concrete deck, covered with a waterproofing membrane and a 3 inch hot mix asphalt overlay.
The total structure depth towards the ends of each span, with consideration of the deck
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haunches, will be approximately 6.25 feet. This section is compatible with the proposed Ramp 1
profile.
The concrete strengths required for the 125 foot spans are f’c initial = 6.0 ksi, and f’c final = 7
ksi. Approximately 44 – 0.6 inch diameter low-relaxation strands will be required for the girder
design. These requirements are well within the tolerable strength limits for the girder. The
controlling factor for the girder design will be the long-term deflections of the girders. The
relatively shallow superstructure section will tend to flatten out over time due to prestressing
losses and concrete creep effects. The 125 foot span is very near the span limit for the
prestressed 60 inch U girders, due to camber and deflection limitations. Spans exceeding 125
feet using 60 inch U girders would need to consider post-tensioning to avoid long-term sagging
of the spans.
The total bridge construction cost for this alternative is estimated to be $2,055,000, or $115 per
square foot. Refer to Appendix B for the Opinion of Probable Construction Cost. For the typical
section, refer to Figure 4 in Appendix A.
Alternative B: Precast Prestressed/Post-Tensioned Concrete U Girders
A four-span alternative using Precast Prestressed/Post-Tensioned Concrete U Girders was
considered with spans of 93.5 feet, 142 feet, 135 feet, and 83.5 feet. As noted previously, this
span configuration approximately aligns the Pier 2 column in line with the adjacent viaduct pier
columns, and Pier 4 with the east viaduct abutment. A minimum of two splices will be required
for the post-tensioned superstructure construction, requiring temporary support towers.
Placement of these towers in proximity of South Broadway is not desired, so that as much room
as possible is kept available for shifting traffic during construction. Placing the splices and
towers on the east and west sides of the roadway, not over traffic, would require an expansion
joint in the superstructure over the center pier (Pier 3). Expansion joints over piers are
discouraged, since they are difficult to maintain and often fail. This puts the pier substructure at
risk from the effects of the failed joint.
The total bridge construction cost for this alternative is estimated to be $2,300,000, or $128 per
square foot. Refer to the Preliminary Opinion of Probably Construction Costs in Appendix B.
For the typical section, refer to Figure 4 in Appendix A.
Alternative C: Precast Prestressed Concrete Bulb Tee Girders
A Precast Prestressed Concrete Bulb Tee Girder structure can be considered for the same span
configuration as Alternative A, using essentially the same pier and abutment configurations. The
superstructure will have five lines of Precast Prestressed Concrete BT63 girders spaced at 8
feet on-center with an 8 inch concrete deck. The total structure depth of 6.50 feet is estimated,
which includes a 3 inch asphalt overlay, and consideration for haunches in the bridge deck near
the girder supports. This alternative would require raising the proposed Ramp 1 profile at least 3
inches to maintain 16.5 feet of clearance over South Broadway. The construction cost for this
bridge alternative is estimated to be $2,038,000 or $114 per square foot. Refer to the
Preliminary Opinion of Probably Construction Costs in Appendix B. For the typical section,
refer to Figure 4 in Appendix A.
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Bridge Substructure
The bridge piers will be aligned in a north-south orientation to match the existing I-25 viaduct
columns. Pier Caps will be skewed approximately 45 degrees, so that the cap is perpendicular
to the superstructure girders. The skewed cap minimizes the cantilever length of the cap off the
column, and eliminates the need for expensive post-tensioning needed in longer cap
cantilevers. An “inverted-T” pier cap will be utilized, constructed with typical reinforcing steel.
The bottom of the cap will project approximately 30 inches below the bottom of the girders. At
the center pier, the skew will set the entire dropped cap section over the center median and will
not impact the vertical clearance over the roadway.
Another advantage to the skewed, inverted-T cap construction is that it eliminates shoring
requirements for alternate types of pier construction, allows for the simplest and quickest girder
erection sequence, and assures the least amount of impact to South Broadway traffic during
construction.
Geology Data
According to the preliminary geotechnical investigation, and information attained from the recent
I-25 viaduct construction plans, bedrock is estimated to vary between 20 and 25 feet below
existing grade at the five proposed bridge supports (2 abutments and 3 piers). Both pile and
drilled shaft foundation alternatives, anchored in the bedrock, are applicable.
A drilled shaft foundation is recommended at the bridge piers due to economy and
constructability. A pile foundation alternative will require at least 12 – HP 12x74 piles to provide
the same support capacity as 2 – 48 inch diameter drilled shafts. The total cost to install 12 piles
at each pier is estimated to be $22,000, and the cost for two drilled shafts is estimated to be
$20,500. The size of the pile cap required will be approximately 20 feet long by 10 feet wide to
accommodate the spread of the piles. The cap for the drilled shaft alternative is smaller, at 17.5
feet long by 7 feet wide. Each cap will have approximately the same depth. The smaller cap for
the caissons can be constructed within a smaller work area, which will be helpful in moving
traffic along South Broadway during construction of the median pier.
Since a drill shaft contractor will already be mobilized for the pier foundation construction, drilled
shafts are recommended for the abutment foundations.
Construction Phasing / Constructability
The Precast Prestressed Girder superstructure alternative will allow for conventional
construction of the Ramp 1 Bridge. Special construction phasing should not be required, since a
majority of the bridge substructure construction is out of the way of traffic, with the exception of
the center pier. The center pier construction, however, should be able to be completed without
significant interruption to traffic. No shoring will be required for the girder erection. Temporary
closures of South Broadway will be required for the girder erection, but will likely be limited to
only one or two nights of girder erection activity.
The new west bridge abutment will be less than 10 feet away from MSE walls along the existing
Southbound I-25 off-ramp on the south side. Excavations for the new bridge construction will
need to be limited to maintain the stability of the existing MSE walls. However, shoring or
underpinning of the existing walls is not anticipated to be required.
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Drainage / Hydraulic Considerations
The Ramp 1 Bridge drainage will flow in both directions from the high point of the bridge, which
is centered at South Broadway. The bridge drainage will be captured with deck drains at the
front of each bridge abutment, prior to the expansion joint located at the back wall of each
abutment, and outlet onto the ground or into the nearest storm drain system below the bridge.
There are no other hydraulic or drainage concerns below the bridge.
Lighting Requirements
Any lighting required beneath the bridge can be accommodated in several locations.
Suspending lighting from blow the bridge deck is possible, and lighting mounted to the bridge
piers and abutments can be considered. \
The lighting for Ramp 1 will likely be supplied from mid or high mast overhead lighting that will
not be attached to the bridge, thus no special mounting details are required.
Utilities
A fiber optic line that was placed during the recent I-25 viaduct construction is currently aligned
beneath the proposed east abutment and center pier locations. The depth of the line is not
known. Potholing has been scheduled to verify its exact depth and location at the abutment and
pier. Interference is a concern at the center pier foundation, and will require a more in-depth
review of the construction options available when the potholing information is available. The
line consists of a multiple duct bank, and probably cannot be relocated. However, there may be
an opportunity to vertically adjust the elevation of the line at the pier, such that the pier
foundation can straddle the line. The fiber optic alignment beneath the east abutment is a lesser
concern, since there is more flexibility available for the abutment foundation design than at the
pier.
An electrical line serving existing traffic signals has been identified near the proposed center
pier. It is expected that this line will be relocated or replaced during the new signal installation in
proximity of the proposed bridge.
An existing storm pipe crosses the proposed west abutment. This pipe will likely be abandoned
when the drainage improvements for the project are constructed, and no special design
considerations at the abutment are expected.
Evaluation and Recommendations
A Precast Prestressed Concrete U Girder bridge with tall concrete abutments is recommended
as the most viable option for the bridge. It offers the most benefit with respect to cost and
constructability, while meeting the geometric and aesthetic requirements for the project. The
estimated structure cost is estimated to be $2,055,000, or $115 per square foot. For the typical
section, refer to Figure 4 in Appendix A. Refer to the Preliminary Opinion of Probable
Construction Cost in Appendix B.
A Precast Prestressed Concrete U Girder bridge alternative with stubby abutments and MSE
walls wrapped about the abutment has also been provided, for information only, in the
Appendix.
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6.0

RETAINING WALL EVALUATION

6.1

Ramp 1 and Ramp 2 Walls

There will be three areas of retaining wall construction along the length of Ramp 1. West of the
Access Bridge, two walls paralleling the ramp are required.
 Ramp 1 Wall 1A: aligned along the south side of the ramp, 29 feet long, and varies
between 11.0 feet and 12.0 feet in height
 Ramp 1 Wall 1C: aligned on the north side of the ramp, 19.0 feet long, and varies
between 8.0 feet and 9.0 feet in height
Between the Access Bridge and the Ramp 1 Bridge, two more walls paralleling the ramp are
required.
 Ramp 1 Wall 2A: aligned along the south side of the ramp, 117.75 feet long, and varies
between 15.0 feet and 18.0 feet in height
 Ramp 1 Wall 2C: aligned along the north side of the ramp, 117.75 feet long, and varies
between 17.0 feet and 20.0 feet in height
East of the Ramp 1 Bridge, a wall is aligned along the south side of Ramp 1.
 Ramp 1 Wall 3B: aligned on the south side of the ramp, 142.33 feet long, and varies
between 14.0 feet and 22.0 feet in height
The inside of Ramp 2 will require a retaining wall to allow for the construction of a water quality
pond and other landscaping and pedestrian features. Two walls are required to complete the
Ramp 2 construction.
 Ramp 2 Wall 1: aligned along the north side of Ramp 2, 340.00 feet long, and varies
between 8.5 feet and 22.0 feet in height.
 Ramp 2 Wall 2: aligned along the east side of Ramp 2, adjacent to Ramp 3, 188.5 feet
long, and varies from 6.0 to 13.5 feet in height.
Wall Alternatives
The Colorado Department of Transportation Bridge Design Manual Subsection No. 5.5 Wall
Selection Factors and Procedure lists 24 different retaining walls for consideration. Most of
these can be eliminated by inspection, since they are not appropriate for this particular location
and project. They can also be dropped from consideration due to expense, geometric
constraints, or due to geotechnical considerations.
The alternatives most applicable for the Ramp 1 and 2 walls are those that can accommodate
economical fill construction, where the construction is primarily above existing grade and
minimal cutting of existing grades is required. The two alternatives most suitable for this location
are cast-in-place concrete retaining walls on shallow spread footings (CIP), and mechanically
stabilized earth walls with precast concrete panel facing (MSE).
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Several evaluation topics are discussed below, summarizing many of the issues considered in
determining the wall type selected for the project.
Aesthetics
The aesthetic requirements for the project have been discussed previously. Both the MSE and
CIP wall alternatives can be finished to meet the demands of the project. The only significant
difference in appearance between the systems will be that the MSE panel joints will not be
visible in the CIP walls. If desired, the panel pattern can be cast in the CIP walls to match the
adjacent existing MSE wall construction, but this could add some expense to the formlined
finishing work.
Construction Phasing
The retaining walls along Ramps 1 will generally be constructed out of the way from existing
traffic. At the west end of the Ramp 1, parking for the RTD Broadway Station will need to be
configured to allow for the complete wall construction without special phasing. At the east end of
Ramp 1, the existing on-ramp from South Broadway to Southbound I-25 will be closed, allowing
for wall construction without phasing.
The Ramp 2 walls will require the closure of the existing loop ramp onto Northbound I-25 to
properly complete the grading and wall construction. Once the ramp is closed, no significant
construction phasing in this area should be necessary.
Hydraulics
A potential hydraulic issue having influence on the wall design will be a water quality pond
located in proximity of the Ramp 2 Wall 1. To reduce the potential influence of the pond on the
retaining wall, a minimum 10 foot wide graded will be graded in front of the wall to separate the
pond from the wall. This will help prevent a saturated condition from developing near the wall
foundation, assuring its stability.
Geology Data
The existing subgrade beneath the Ramp 1 and 2 retaining walls provides substantial bearing
capacity for both spread footing and MSE construction. Silty sand and gravelly sand are found
throughout the area, which overlays bedrock at depths varying from 18 feet to over 45 feet. The
nominal (LRFD ultimate) bearing design capacity recommended for the site is 20,000 psf. This
is equivalent to over 11,000 psf in allowable bearing capacity, which is excellent for supporting
shallow spread foundation systems.
Deep foundations were considered at the west end of Ramp 2 Wall 1 for constructability
reasons, due to the close proximity of the new wall to the existing MSE walls along I-25.
However, the preliminary geotechnical investigation indicated no bedrock within the first 45 feet
of depth at this location. Shallow spread footings will be used for all the Ramp 1 and 2 wall
designs, sized and oriented as needed to avoid impacts to the existing MSE walls.
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Utilities
Various utility lines currently exist along the proposed wall alignments, including electrical lines,
drainage pipes, fiber-optic conduit, water lines, and gas lines. Most utilities are expected to be
abandoned or relocated from the wall construction locations. The few conditions that may
require attention for the final Ramp 1 and 2 wall designs include:
 Ramp 2 Wall 1 : Gas lines and water lines will be removed when the houses they
currently serve are also removed.
 Ramp 2 Wall 2: A new drain pipe is to be placed beneath the wall and the bottom of the
wall elevation will need to be coordinated with the top of pipe location, when its elevation
is finalized.
 Ramp 1 Wall 3B: Gas and water lines are currently located under the wall and has not
yet been determined whether these will be removed.
None of these conditions should complicate the wall construction significantly, or demand
special construction.
Right-of-Way
All of the Ramp 1 retaining walls will be constructed within existing CDOT and City and County
of Denver right-of-way. There are no constraints influencing the wall layouts, and no right-of-way
will need to be acquired to construct the walls.
Right-of-way acquisition is planned where the houses are located along the proposed Ramp 2
alignment. It is anticipated that this whole area will be City and County of Denver property prior
to the wall construction, and will not impact any part of the wall construction.
Design Life and Proven Performance
It is know from a historical basis that reinforced concrete, with an adequate concrete mix design,
and proper structural design and construction, is capable of long satisfactory service. Current
design may include air entrainment for freeze-thaw resistance, uses of fly ash or silica fume in
mixes for reduced permeability, and epoxy coated reinforcing steel for resistance to corrosion.
MSE walls are an economical alternative that are designed for a comparable design life as
compared to more traditional CIP walls, and other walls systems. Most of the walls have
performed well, having been designed and installed by specialty contractors. A concern with the
MSE construction has been the natural settlement that occurs within tall wall construction. When
adjacent to fixed structures, such as bridges on deep foundations, there have been instances
where differential settlement has created a “bump” or swale a the bridge approaches. This
settlement can and should be accounted for the in the design, but there have been instances
where it may have been overlooked.
The City and County of Denver has expressed its concern in using MSE construction,
particularly in taller walls, partly for the reasons explained above. The tallest walls along Ramps
1 and 2 will be approximately 22 feet high, which is not especially tall for MSE wall construction.
Some MSE construction in Colorado has approached 40 feet in height. The 22 foot height is
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less common today for CIP construction, but was regularly achieved in the past, with good
results.
Constructability
Both MSE and CIP wall construction would be straightforward along both Ramps 1 and 2. The
MSE wall system has an advantage in that its foundation does not have to be as deep (approx.
1.5 feet) as the CIP system (3 feet). This is advantageous when constructing adjacent to
existing walls. However, the 3 foot depth required for the CIP system should be attainable
without temporary support/shoring of the adjacent walls.
MSE wall construction is quite common these days, with many experienced contractors
available to complete the work. Well-detailed construction specifications have been established
that assure that MSE construction is completed within tight tolerances, providing well-performing
structures.
CIP wall construction is typically a little more labor intensive than MSE wall construction, and
may have a few more constraints, due to the extensive formwork that is required. Construction
and schedules can be influenced by the weather conditions, since the concrete curing is
influenced by both warm and cold weather. CIP construction schedules can be influenced
greatly, as a result.
Probable Construction Cost
Probable construction costs have been developed for each retaining wall along Ramps 1 and 2,
for both MSE and CIP alternatives for comparison. Quantities were estimated for the typical
components of each type of wall construction, and include details and items specific to each.
Items such as mobilization and construction engineering have not been considered, but all
estimates include a 20% additional cost for contingencies. See the Preliminary Opinion of
Approximate Cost Summaries in Appendix B. The approximate square foot costs for each
system using current cost data are:
 MSE Retaining Wall with Precast Panel Facing = $67 per square foot
 CIP Retaining Wall on Shallow Spread Footing Foundation = $90 per square foot
Evaluation and Recommendations
MSE and CIP wall systems are both viable systems for the Ramp 1 and 2 wall construction. The
main differentiator between the systems is cost, where MSE has a significant advantage.
Application of the MSE wall system would also benefit the Ramp 1 bridges by simplifying the
abutment construction, resulting in reduced bridge costs. The performance of the MSE walls
can be addressed during the design and construction phases with some modification to the
standard details and material specifications. On a typical CDOT or other federally funded
project, our recommendation would be to construct MSE walls. However, understanding the
City’s concerns with MSE construction, CIP walls are recommended as a suitable alternative.
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6.2

Mississippi Avenue Walls

Two new parallel walls will be constructed to replace two existing walls west of South Broadway.
The replacement walls will accommodate the widening of Mississippi Avenue and the realignment of the existing sidewalk along the north side of Mississippi Avenue.
 Mississippi Wall 1: aligned along the north side of the re-aligned sidewalk, 309.33 feet
long, and varies between 2.5 feet and 11.0 feet in height
 Mississippi Wall 2: aligned along the south side of the re-aligned sidewalk, 285 feet long,
and varies between 4 feet and 9 feet in height
Wall Alternatives
The wall construction along the north side of Mississippi Avenue requires cutting into existing
grades in proximity of an existing building, and a large waterline. Wall types with construction
shoring capacity were initially considered, such as side by side caisson construction. However,
this alternative was eliminated early on, as significant obstacles for completing the construction
were recognized. The existing retaining walls along Mississippi have large spread footing
foundations that made caisson installation impractical. Crossing the waterline was also not
feasible along the Mississippi Wall 1 alignment. Sheet pile and nail wall alternatives were also
ruled out right away, due to the significant conflicts.
Cast-in-place concrete retaining walls on shallow spread footings (CIP) became the most viable
solution, primarily due to the construction flexibility concrete offers. It was also recognized that
portions of the massive existing walls could remain in place to act as temporary shoring and as
part of the final wall construction.
The following discussion focuses on the construction challenges remaining in the area using the
CIP wall system.
Utilities
A 24” waterline is located along the proposed horizontal alignment for Mississippi Wall 1. The
vertical wall and sidewalk alignment will not adequately clear the pipe where they cross. To
accommodate the new wall/sidewalk alignment, a segment of the existing waterline will be
lowered and set inside a steel casing. The casing will protect the waterline from the wall and
sidewalk loading above.
An existing 8 inch sanitary sewer line is aligned approximately 8 feet below the lowest portion of
the Mississippi Wall 2 foundation. This line is scheduled to be abandoned prior to the wall
construction, thus will not require protection.
Construction Phasing
While the wall construction will not need any special phasing, traffic control in proximity of the
wall construction could be an issue. The existing concrete wall removal effort will be significant,
requiring some large equipment. The time required for the removal may be significant, as well,
while coordinated with the anticipated water line relocation in this area.
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Hydraulics
No significant drainage or hydraulic issues need to be addressed in the wall design and
construction in this area.
Geology Data
The subsurface materials in this area are suitable for spread footing foundations. Gravely sand
over claystone bedrock will be located beneath the foundation, which is a similar condition to
that discussed in the Ramp 1 and 2 Wall areas.
Right-of-Way
Mississippi Wall 1 will be constructed entirely within existing City and County of Denver right-ofway. The east end of the wall will be within 3 feet of the right-of-way boundary, but should be
able to be constructed without any right-of way takes. The new wall is relatively shallow in this
location, and is not expected to require any excavation outside the right-of-way limits.
Coordination with the waterline relocation described above will be required to assure the rightof-way limits are not crossed.
Mississippi Wall 2 will be constructed entirely within existing City and County of Denver right-ofway, thus there are no constraints influencing the wall layout.
Probable Construction Cost
Probable construction costs have been developed for the Mississippi Avenue Walls. Quantities
were estimated for the recommended construction, including the estimated wall removal
requirements to complete the new wall construction. Items such as mobilization, construction
engineering, and the waterline relocation have not been included in the costs. All estimates
include a 20% additional cost for contingencies. The approximate square foot costs for the
walls, using cast-in-place concrete construction on shallow spread footings will be
approximately $110 per square foot. The special construction and detailing required through this
area, and the relatively small amount of wall construction required has contributed to the higher
than typical cost for CIP wall construction. A complete Opinion of Approximate Construction
Cost Summary for each wall can be found in Appendix B.
Evaluation and Recommendations
As noted at the beginning of this section, cast-in-place concrete walls on shallow spread
footings are recommended for this location. No other systems provided a practical solution at
this location.
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APPENDIX B
Preliminary Opinion of Probable Construction Cost Summaries
For Recommended Structures

Job Title: Broadway-Arizona to Exposition
Subject: Cost Estimate-30% Plans

By: Bill M.

Date:
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Preliminary Opinion of Probable Construction Costs
Access Bridge
With Tall Concrete Abutments
Item Description

Unit Quantity Unit Cost

206
206
403
503
515
518
601
601
602
606
607
613
618

110 $ 10.00
CY
CY
718 $ 18.00
TON
57 $ 65.00
LF
218 $ 95.00
SY
346 $ 15.00
LF
77 $ 100.00
CY
281 $ 450.00
SY
416 $
9.00
LB 17,160 $
0.85
LF
177 $ 85.00
173 $ 35.00
LF
LF
394 $ 10.00
SF
1,622 $ 40.00

Cost
$
$
$
$
$
$
$
$
$
$
$
$
$
$

1,100
12,924
3,705
20,710
5,190
7,700
126,450
3,744
14,586
15,045
6,055
3,940
64,880
286,029

Bridge Subtotal
20 % Miscellaneous and Contingencies

$
$

286,029
57,206

Bridge Total

$

343,300

Structure Excavation
Structure Backfill (Class 1)
Hot Mix Asphalt
Drilled Caisson (24 Inch)
Waterproofing (Membrane)
Expansion Device (0-2 inch)
Concrete Class D (Bridge)
Structural Concrete Stain
Reinforcing Steel (Epoxy Coated)
Bridge Rail Type 7
Fence Chain Link (Special) (36 Inch)
2 inch Electrical Conduit
Precast Box Girder (Depth Less than 32 Inches)
Subtotal

Bridge Width
Bridge Length (To Backs of Abutments)
Bridge Area
Cost Per Square Foot

39
48.5
1,892
$181

1of 1

ft
ft
ft2

Access Bridge Tall Abut

APPENDIX C
Preliminary Opinion of Probable Construction Cost Summaries
For Structure Types With MSE Construction
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