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1.0 INTRODUCTION

In May 2006, the Regional Transportation Authority (RTA) plan and sales tax were approved by the voters of
Pima County. One of the 35 roadway improvement projects included in the RTA plan is 22" Street from
Interstate 10 (I-10) to Tucson Blvd. Currently 22" Street operates above capacity and the condition of the
existing bridge that spans the Union Pacific Railroad (UPRR) Gila Sub and Yard and the Barraza-Aviation Parkway
is declining with weight restrictions imposed. This Structure Type Selection Report has been prepared for the
section of 22" Street between Kino Pkwy and Tucson Blvd and addresses the design of a new 6-lane overpass
structure over the existing UPRR yard and the Barraza-Aviation Parkway located approximately two miles east of
I-10 on 22" Street. The new bridge will replace an existing 4-lane structure and is being coordinated with the
design for the roadway widening of 22" Street between Kino Pkwy and Tucson Blvd. This section of 22™ Street
will be widened to 6-lanes with a divided median and is needed to add traffic capacity, improve pedestrian and
bicycle safety and improve existing SunTran bus service along the 22" Street corridor. The alignment chosen for
this segment of the project is discussed in the Alternative Alignment Report (AAR), 22" Street between Kino Pkwy
to Tucson Blvd., August 2008.

This Structure Type Selection Report identifies and studies structure type alternatives that will meet City of
Tucson standards, minimize disruption to the operations of the Union Pacific Railroad Gila Sub and Yard, adhere
to the design criteria established with the project’s Citizen’s Advisory Council (CAC) as well as applicable
American Association of State Highway and Transportation Officials (AASHTO) bridge design standards and the
BNSF Railway- Union Pacific Railway Guidelines for Railroad Grade Separation Projects,

2.0 EXECUTIVE SUMMARY

The existing 22" Street viaduct structure over the UPRR yard and the Barraza-Aviation Pkwy is a 4-lane bridge
located on a crest vertical curve. The existing bridge structure has a weight limit of 15 Tons GVW that prevents
heavy truck and school bus access. This weight limit was imposed in 2005. A new viaduct structure is necessary
to provide the new 6-lanes of traffic as well as to improve traffic safety along 22™ Street and remove the current
detour imposed on vehicles over the posted 15 Tons GVW. Additionally inadequate horizontal clearances
between the railroad tracks and existing viaduct structure is a major concern as it relates to the safety of the
traveling public and railroad personnel. Clearances in the yard are up to 70% below the minimum requirements
established by American Association of State and Highway Transportation Officials (AASHTO), American Railway
Engineering and Maintenance —of- Way Association (AREMA) and UPRR.

The primary design considerations for the new structure include:

® A horizontal alignment shift to the North to maintain existing traffic during construction and ensure
constructability of a new 6-lane structure as discussed in the Alternative Alignment Report, prepared by
DMJM Harris, August 2008.
Revised profile to meet required vertical clearances.
Pedestrian/Bicycle access across the bridge to maintain multi-use continuity along the proposed 22"
Street improvements.

® Railroad safety requirements for UPRR including the required horizontal and vertical clearances to UPRR
tracks and facilities.
Constructability
Appearance continuity (similarity) with the Kino / 22™ TI Overpass structure.
Inclusion of design criteria set forth from the project CAC
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2.1  HORIZONTAL ALIGNMENT SHIFT

Construction phasing of the new bridge will allow traffic movements on the existing 4-lane structure while the
new structure is being built. To accomplish this, a horizontal alignment shift of the 22" Street centerline is
required. As discussed in the Alternative Alignment Report the roadway alignment will be shifted to the north.
This shift will require property acquisition from private residences and business owners on the north side of 22™
Street including the University of Arizona warehouse on the northeast corner of 22™ Street & Warren Ave and
the Walsh Brothers business on the northwest corner of 22" Street & Warren Ave. The new WB lanes will be
constructed north of the existing alignment and the new EB lanes will replace the existing bridge. Once the
westbound 3-lane half-bridge is constructed, traffic will be diverted onto the new structure and the existing
bridge will be demolished. The new eastbound 3-lane half-bridge can then be constructed, providing 6 lanes of
vehicular traffic. See Figure 5.7 — Construction Phasing.

2.2 REVISED VERTICAL PROFILE

The new bridge structure will have a revised vertical profile to accommodate the proposed structure depths, the
required UPRR vertical clearances, and the new 22™ Street roadway alignment.

2.3 PEDESTRIAN / BICYCLE ACCESS

The 22" Street improvements include a pedestrian walkway and multi-use lane on each side of the road. These
pedestrian areas will be maintained along both sides of 22" Street for the bridge approaches. The new bridge
cross-section provides for a 6" multi-use lane and a 7’-9” raised sidewalk on each side of the bridge for both
directions of travel and will have a center median for continuity to the raised landscape median.  This
improvement will ultimately provide continuous pedestrian access from Tucson Blvd to [-10 and future
connections to regional trail systems.

2.4 RAILROAD SAFETY REQUIREMENTS INCLUDING HORIZONTAL & VERTICAL CLEARANCES

Horizontal clearance between piers and railroad tracks is a critical safety consideration. The AASHTO, AREMA,
and BNSF Railway & Union Pacific Railway Guidelines for Railroad Grade Separation Projects require that the
clearance from the face of the pier to center of closest track be at least 18’-0” when pier protection is provided
and 25’-0” when pier protection is not provided. The proposed span arrangement for each alternative meets
these criteria. In addition the vertical profile proposed meets the vertical clearances required by BNSF Railway &
Union Pacific Railway Guidelines for Railroad Grade Separation Projects. In addition, the new bridge profile
provides the16 ft minimum vertical clearances required over the realigned Campbell Ave and the existing
Barraza-Aviation Pkwy.

2.5 CONSTRUCTABILITY

Structure types that allow construction techniques and procedures that will minimize disruption to the operations
of the UPRR Gila Sub and Yard as well as minimize disruption to Barraza Aviation Pkwy traffic are considered
essential in determining the most effective structure type for this bridge.

2.6 CAC DESIGN CRITERIA

The project team has been meeting with the Citizens Advisory Council since October 2005 to solicit their input
for key design criteria to use in the overall design of this project. The bridge criteria that has been collaboratively
developed for the Kino/22™ St Tl and is also applicable to the 22™ Street over UPRR and Barraza-Aviation Bridge
includes:
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Maximize the length of the bridge to minimize the fill required and minimize the high walls.

Design to make this a positive addition for the neighborhoods, not an eyesore.

Make sure the bridge has some meaning to the citizens.

Integrate thematic elements with structure of the bridge; do not use “plop art”, surface applications that
lacks meaning.

® Integrate future project planning with this effort.

3.0 PROJECT LOCATION

The UPRR Bridge Project is part of the three-mile 22™ Street improvement project between Tucson Blvd. and
Interstate 10, located within the City of Tucson and Pima County, Arizona. More specifically, within portions of
Sections 17 through 20, Township 14 South, Range 14 East, Gila & Salt River Meridian. See Figures 3.7 and 3.2.

FIGURE 3.1
Location Map
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FIGURE 3.2
Vicinity Map

4.0 EXISTING BRIDGE

The existing bridge that carries 22™ Street traffic over the UPRR yard and Barraza-Aviation Pkwy (Structure
Number 9011) was constructed in 1966. The bridge is a four-lane structure that consist of two different types of
construction: Cast-in-place, short span, concrete structural slabs; and long-span composite construction utilizing
variable-depth, continuous, steel plate girders with a cast-in-place concrete deck. The overall bridge length is
approximately 1357’-7”. The bridge deck is comprised of two independent structures with a clear roadway
width of 26’-7” in each direction of traffic, raised end units (which act as sidewalks) and metal rails along the
fascias; a vehicular barrier with a metal rail is located between the traffic lane and sidewalk, and a raised concrete
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median separates the westbound and eastbound lanes. The overall bridge width of the two structures is 75’-10".
The bridge skew varies from approximately 30° to 54° to the left. There are 7 sets of railroad tracks below the

g -

FIGURE 4.1
Cross Section of Existing Bridge over UPRR and Barraza-Aviation Parkway

The bridge is comprised of 5 structural units identified as Units A through E. Unit A and E are the exterior short
span CIP slab bridges that are 152’-9” and 223’-0” in length. Units B through D make up the internal long-span
composite variable depth steel plate girder bridge with a total length of 981’-10 3/8”. Units B through D span the
current UPRR yard. The west approach contains 442’-6” of retaining walls on the north and south sides, the east
approach contains 373’-8 7/8” of retaining walls on the south side and 330’-4” on the north side. The minimum
vertical clearance below the bridge to the high rail was approximately 23’-0” at the time of construction. The
minimum lateral clearance from the centerline of the track to the outside of the nearest pier is 9'-4 2" at Pier
#13. Each abutment is a full height wall abutment supported on a spread footing and each pier is comprised of a
concrete cap beam supported by three (3) - 40 inch diameter concrete columns on individual spread footings.
See Appendix C for the existing bridge drawings. The existing bridge structure has a weight limit of 15 Tons GVW
that prevents heavy truck and school bus access. This weight limit was imposed in 2005 and is discussed in the
September 18, 2003 Report “Structural Review of the 22" Street Overpass at Union Pacific Railroad,” prepared
for the City of Tucson by Holben, Martin & White Consulting Structural Engineers. Current AASHTO LRFD
requires HL-93 vehicle load (45 tons) capacity to reflect the heavier traffic common today. Additionally the
lateral clearance of approximately 9’-4” between the existing Pier and the centerline of the rail is insufficient.
The combination of inadequate capacity and clearance deficiencies eliminate widening as a feasible option and
make the existing structure functionally obsolete.
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FIGURE 4.2
Existing Bridge over UPRR and Barraza-Aviation Parkway

5.0 BRIDGE CRITERIA & ALTERNATIVES

The ultimate bridge section carries 3 lanes of vehicular traffic, a multi-use lane and a sidewalk in each direction.
The sidewalks are separated from the vehicular lanes by an F-shape vehicle barrier. There is a 20" wide median
between the opposing lanes of traffic. The overall width of the bridge is 120’-0”. Stationing is set from east to
west. The roadway profile is set to achieve at least 23’-4” of vertical clearance above the top of high rail to the
low bridge chord in accordance with current UPRR requirements and 16’-0” of vertical clearance above
proposed Campbell Ave and existing Barraza-Aviation Pkwy.
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Two span arrangements resulting in three alternatives are considered. The two span arrangements consist of

® Moderate spans — spans that can accommodate Steel Plate Girder type bridges or traditional Cast-In-
Place Concrete Post Tensioned Box Girders built on conventional false-work.

® Long spans- non- typical structure types, Cast-In-Place Concrete Box Girders built from above with form
travelers (commonly referred to as balanced cantilever segmental construction). This arrangement
resulted in an overall longer bridge length than the moderate span alternatives.

A short span arrangement was not feasible due to a minimum required span arrangement of 180 ft needed to
clear the eastern most tracks utilizing an 18 ft minimum horizontal clearance from face of pier to centerline of
adjacent track.

Each alternative locates the piers at least 25 ft horizontally clear from the centerline of the tracks such that crash
protection barriers or walled piers are not required. For the purpose of comparative costs, all pier substructure
units are assumed to be founded on drilled shaft foundations. The capacity of the drilled shafts used for this
report are based on the preliminary geotechnical report prepared by NCS Consultants, November 2007. The
use of spread footings at the pier locations based on the final geotechnical investigations will be evaluated during
final design, however due to the large pier substructure reactions and limits of excavation adjacent to the railroad
tracks, it is unlikely that spread footings will be feasible at the pier locations.

Alternative 1 (moderate spans) is a five span bridge with a total length of approximately 1147°-9”. The
superstructure for this alternative is a CIP Post-Tensioned Box Girder Bridge cast on conventional falsework, with
an overall depth of 10’-6”. The piers are skewed approximately 50° Lt with respect to the 22" Street
Construction C.L.

Alternative 2 (long span) is a five span bridge with a total length of 1346’-0”. The superstructure for this
alternative is a CIP post tensioned segmental box girder bridge with a varying structure depth (16’-6” at piers and
9’-0" at abutments and at mid span.) The piers are located perpendicular to the roadway and the eastbound and
westbound piers are staggered approximately 70 ft.

Alternative 3 (moderate span) is a five span bridge with a total length of approximately 1147'-9”. The
superstructure for this alternative is comprised of steel plate girders with an overall depth of 10’-8”. The piers are
skewed approximately 50° Lt with respect to the 22" Street Construction C.L.

A fourth alternative — referred to as a Spliced AASHTO Girder design, was evaluated to determine its feasibility.
This alternative consisted of 8 spans with a total bridge length of approximately 1035 ft. The longest span of 180
ft spans five sets of tracks. This span could be constructed utilizing spliced Type VI AASHTO Girders. The spliced
girder would require temporary supports approximately 30 ft from the centerline of adjacent piers. The track
arrangement does not provide the required clearance, as specified by the UPRR standards, to these temporary
supports. Therefore this alternative is not feasible and was not investigated further.

For cost comparison estimates Alternative 1 and 3 will include 200" of retaining walls such that the bridge plus
wall length is equivalent to the bridge length of Alternative 2. A separate wall report for the remaining retaining
walls along the project is being prepared by DMJM Harris.

5.1 BRIDGE DESIGN CRITERIA

The bridge type selection process evaluates the functional requirements to construct a bridge with respect to the
practical and economical constraints imposed by roadway geometrics, site conditions, and physical limitations of
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bridge structural systems. The bridge configurations evaluated in this report meet this project’s functional
requirements. These configurations are considered to be economical, constructible, serviceable, and aesthetically
acceptable for the proposed site. Federal funding may be utilized for the final design and construction of this
structure.

The design criteria used to develop the alternatives are based on:

® AASHTO LRFD Bridge Design Specifications, 3rd Edition-2004, with current interim updates.
® BNSF Railway- Union Pacific Railway Guidelines for Railroad Grade Separation Projects, January 2007
® AREMA American Railway and Maintenance-of-Way Association, 2000

5.2 FOUNDATION DESIGN

A preliminary geotechnical investigation was prepared to determine preliminary foundation recommendations for
this bridge. The report, prepared by NCS, “Preliminary Geotechnical Report, 22" Street Overpass over Aviation
Parkway and the Union Pacific Railroad Tracks”, dated November 1, 2007 concludes that the predominantly
very dense or hard soils present at shallow depths in the vicinity of the proposed bridge location are considered
suitable for both shallow spread-type foundations as well as deep foundations. Based on significant loads at the
piers, and the limitation of the footing size due to proximity to the rail road tracks, only deep foundations can be
utilized at the pier locations. At the abutments, the loads are significantly smaller and there are no railroad tracks
within the vicinity therefore it will be more cost effective to utilize spread footings at these locations.

5.3 DRAINAGE

The bridge structure drainage will drain longitudinally along the road to a point outside the UPRR Right-of-Way
and then directed to the bridge deck drains. The UPRR has restrictions on allowing drainage into their ROW
therefore closed pipe drain system will be utilized. The existing bridge crosses over two existing concrete lined
channels. One of the channels flows into multi barrel box culverts as it passes under the existing bridge. The
channel furthest east remains an open channel as it passes under the existing bridge. Alternative 1 and 3 will
require this channel to flow into a new box culvert since these alternatives locate the new Abutment 2 further
west than the existing abutment and hence the channel will need to flow under the roadway embankment.

5.4 RIGHT-OF-WAY

In the segment of 22" Street between Kino Parkway and the UPRR yard, the existing right-of-way is
approximately 145 ft wide. Existing right-of-way width on the east side of the bridge is generally 130 ft, but
varies from 170 ft at the bridge to 120 ft at the intersection with Tucson Blvd. The existing bridge over the UPRR
yard is within a 96 ft right of way corridor. Additional right-of-way will be required.

5.5 UTILITIES

The need for bridge-supported utilities has not been established at this time. As-built roadway plans indicate that
several utilities are located on both the east and west sides of the existing bridge; however, the majority of utilities
do not cross the railroad property. Sanitary sewer, gas and water are located on both sides of the bridge.
Overhead power is limited to the 22" Street/Cherrybell Stravenue intersection. The only large diameter utilities
are located on the east side of the bridge. They include a 27 inch diameter sanitary sewer, a 24 inch diameter
waterline and a 30 inch diameter water line. The 30 inch water line runs parallel to the bridge and turns to the
south outside the limits of the bridge structure. The line crosses the railroad right of way well to the south of the
bridge. The 24 inch water line branches off the 30 inch across the width of the bridge. In Alternatives 1 and 3
(the shorter length bridge alternatives) the 24 inch line is adequately behind the east abutments (Abutment 2). In
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Alternative 2, the 24 inch line falls between the east abutment of the eastbound and westbound bridges.
Therefore, it should not be necessary to relocate these large waterlines for any of the alternatives. The 18” sewer
line may need to be relocated based on the proximity of this line to the new roadway retaining walls for all
alternatives. For Alternative 1 and 3, Abutment 2 of the westbound bridge sits over the 27” sewer line and
Abutment 2 of the eastbound bridge sits over an 8” water line. The 27" sewer line is approximately 11 ft below
existing grade and the proposed foundation at this location is a spread footing located above the sewer line.
Upon discussion with the Pima County Waste Water Department, it seems likely that this 27" sewer line will
need to be relocated for Alternatives 1 and 3. The 8” water line is only 3 ft below existing grade and may also
require relocation for Alternatives 1 and 3.  All other abutments locations will be clear of utilities within the
bridge footprint. All pier locations for all alternatives are clear of utilities within the bridge footprint.

5.6 AESTHETICS

The project team, in conjunction with the CAC, is in the process of determining an appropriate bridge aesthetic
plan via collaborative CAC design meetings and a subsequent design workshop. A project artist has been
selected via the Tucson Pima Arts Council (TPAC) to participate in the aesthetic design.

5.7 CONSTRUCTABILITY AND COSTS

The 22" Street Bridge will be constructed over the UPRR Gila Sub and Yard and the Barraza-Aviation Pkwy,
consequently construction considerations are critical in determining the most effective structure type for this
bridge. Railroad yard constraints will add significant cost to the project if measures are not taken to minimize
railroad impacts during bridge construction. This includes minimizing both substructure and superstructure
activities, time and costs through selection of the most appropriate method of construction. Erection of steel
girders, false work or precast concrete girders would utilize traditional ground-based techniques requiring
movement and placement of large cranes in and on railroad tracks and facilities. Coordination of a ground based
erection/construction operation around UPRR operations will have substantial challenges and will reduce
construction productivity. Alternatively, cast-in-place concrete box girders built from above using form travelers
working from already constructed piers in a balanced cantilever fashion minimize disruption to railroad facilities
and reduce unknowns associated with UPRR operations coordination since all work would be performed above
the tracks. See Figure 5.2, Erection Schematics.

The cost estimated for each bridge does not include railroad impact costs such as improved crossings, temporary
crossings, planned track shutdowns, flagger costs, etc. Further detailed construction studies should be done for
the recommended structure type to approximate these costs. However the relative railroad impact costs with
respect to each alternative will be considered in determining the recommended structure type.

In addition, it is desired to keep traffic flowing on the existing bridge while building the new bridge. This can be
accomplished by phasing the construction of the new bridge. A proposed construction phasing plan, as shown in
Figure 5.1, includes:

® Phase 1- build the northern half of the new bridge, keep traffic on the existing bridge

® Phase 2- detour EB and WB traffic to northern half of new bridge and demo existing bridge
® Phase 3- build the southern half of the new bridge, detour EB to southern half of bridge
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Erection Schematics

5.8 ALTERNATIVE 1

Superstructure

The bridge consists of twin superstructures separated by a 1 joint. The overall width of each structure is 60’-0".
Each superstructure consists of a CIP Post Tensioned Box Girder with interior webs spaced at 9’-2” and an 8 2"
thick deck. There are 2’-0” overhangs along each edge. The depth of the superstructure is 10-6”. The
minimum vertical clearance for this alternative over the UPRR tracks is 25’-4”, the minimum vertical clearance
over Barraza-Aviation Pkwy is 23’-10” and the minimum vertical clearance over Campbell Ave is 22’-10". There
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are 3 main spans each 260 feet long and two end spans of 180 ft each for an overall bridge length of
approximately 1148 feet. Expansion joints are located at each abutment and hinge location.

Substructure

The pier type is an integral pier cap spanning between four - 4 ft diameter concrete columns. Each column is
founded on 2 - 6ft diameter drilled shafts with a concrete pile cap between the shafts. The abutments are full-
height abutments on spread footings. The spread footings at abutment 2 sits over the 27” sewer line at the
westbound bridge and over the 8” water line at the eastbound bridge. Therefore these utility lines will need to
be relocated for this alternative.

Constructability

This alternative will require falsework over the UPRR tracks and the existing Barraza-Aviation Pkwy. Falsework
will be required to support the CIP sections until each frame is post tensioned. The vertical clearances over the
Barraza-Aviation Pkwy provide ample room for falsework over existing traffic. The vertical clearance over the
UPRR tracks will allow approximately 4 ft of falsework depth over the UPRR tracks to meet the required
minimum 21’-0” vertical construction clearance specified by the UPRR Railway Guidelines. Lane detours on
Barraza-Aviation may be necessary during falsework construction and concrete pours.

Pier 1 is located just outside the western boundary, Pier 3 is located just east of the eastern boundary of the
UPRR Right of Way, therefore construction of these piers should not cause any impact to rail road operations
other than the need for flaggers. Pier 4 and Abutment 1 and 2 are completely outside the UPRR Right of Way
and will not effect the rail road operations. Pier 2 is located well within the UPRR yard and will require access
over two sets of tracks from the west side of the yard. The existing railroad crossing currently utilized by UPRR
will most likely need to be improved to accommodate construction traffic. This crossing is shown in Figure 5.3
below.

FIGURE 5.3
West Crossing into UPRR Yard

This alternative requires ground based erection techniques to erect and then dismantle falsework and will most
likely have the greatest railroad impacts as well as the most detours and lane closures over Barraza Aviation Pkwy.
It will therefore take the longest of the three alternatives to construct and will have the most railroad impact costs.
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Construction Cost

The estimated construction cost for this alternative (including the cost of relocating the drainage channel and the
cost of 100 ft of the approaching roadway at each end for comparison to the longer alternative 2) is
approximately $38,263,000. The unit bridge cost, excluding the aforementioned additions is approximately
$34,437,000 or $250/SF. These costs include a 15% contingency. This alternative will have the greatest amount
of railroad impact costs.

5.9 ALTERNATIVE 2

Superstructure

The superstructure consists of two single cell cast-in-place haunched Post-tensioned Segmental Box Girders
constructed by the balanced cantilever method. The eastbound and westbound bridges are separated by a 1”
joint. The depth of the Box Girder varies from 16’-6” at the piers to 9-0”at mid span and at the abutments. The
minimum vertical clearance over the UPRR tracks is 24’-6”, the minimum vertical clearance over Barraza-
Aviation Pkwy is 22’-8” and the minimum vertical clearance over Campbell Ave is 18’-7”. The overall width of
each Box Girder is 60’-0”. The box has two webs and a transversely post-tensioned top slab. The segments are
longitudinally post-tensioned as the segments are erected and following the completed span. There are 3 main
spans each 310 feet long and two end spans. The end spans for the Eastbound Bridge are 205 feet long for an
overall bridge length of 1340 feet. The end spans for the Westbound Bridge are 185 feet and 225 feet
respectively, for an overall bridge length of 1340 feet. Expansion joints are located at each abutment. It is
possible to build all of span 1 and half of span 2 on traditional falsework if detouring of existing Campbell Ave
during falsework erection is possible and a false work tower within 12 ft of the western track will not significantly
impact railroad activity such that cost savings could be realized. This will also accelerate the construction time, as
the cast-in-place on falsework portions can be constructed independently of the cantilevered segments.

Substructure

The piers consists of 13" x 26’ rectangular hollow walled columns with 2’ thick walls supported on a 34’ x 34’ pile
cap with 9 — 48" diameter drilled shafts at each pier. The pier walls are fully integral with the superstructure at
Pier 1, 2 and 3. Pier 4 acts as an expansion pier and therefore the column is not integral with the superstructure.
The abutments are mid-height wall abutments supported on spread footings.

Constructability

A CIP Segmental Bridge allows the concrete superstructure to be built by overhead construction techniques,
thereby leaving the UPRR tracks and roadway below uninterrupted by superstructure construction activities. A
small portion of the end spans (approx 60 ft) will be built by the Cast-in-Place on falsework method, however
these falsework sections are not over railroad or vehicle traffic. It is assumed only one set of form travelers will be
used for construction of this bridge. The overall construction schedule can be reduced by using an additional set
of form travelers but this will increase the overall costs  All construction will take place overhead, requiring
minimal disturbance to rail road and vehicle traffic below since building from above eliminates the need for
movement and placement of heavy cranes and other construction equipment on and over active railroad tracks
and vehicle traffic. Additionally superstructure construction can continue above active railroad tracks without
interruption to railroad operations.

Pier 1, Pier 4 and Abutment 1 and 2 are completely outside the UPRR Right of Way and construction of these
substructure elements will not effect the rail road operations. Pier 3 is located on the eastern boundary and Pier
2 is located well within the UPRR yard and will require access over two sets of tracks from the west side of the
yard. Pier 3 of the east bound bridge is the closest pier to the tracks with one corner of the pier 30 ft from the
centerline of the tracks. All other piers are well over 40 feet from the centerline of tracks. Therefore foundation
and substructure construction will minimally impact railroad operations. Access to Pier 3 through UPRR’s east
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gate entrance will keep construction vehicles from crossing the tracks for the construction of Pier 3. See Figure
5.3. The existing railroad crossing currently on the west side of the yard utilized by UPRR will most likely need to
be improved to accommodate construction traffic. See Figure 5.3

Once foundations and piers are built, a “pier table” is constructed atop each pier to serve as a platform for the
balanced cantilever superstructure erection. All subsequent activities occur only above the tracks and
construction operations in the yard are completed. While, this alternative may require the most upfront set up
time for form traveler erection at the pier locations, it will have the shortest overall construction duration of the
three alternatives considered and will have the least railroad impact costs.

FIGURE 5.4
Eastern Access to UPRR Yard

Construction Cost

The estimated construction cost for the bridge structure of this alternative is approximately $40,710,000. The
unit bridge cost is approximately $252/SF. This alternative does not require any additional approach cost for
comparison since it is the longest of the 3 alternatives. However, this alternative will allow the roadway profile to
be lowered by approximately 1’-2”, thus, reducing the overall roadway cost by decreasing the adjacent wall
heights and the amount of roadway embankment fill. This reduction has not been accounted for in this estimate.
These costs include a 15% contingency. This alternative will have the least amount of railroad impact costs.

5.10 ALTERNATIVE 3

Superstructure

The superstructure consists of twin superstructures separated by a 1 joint. The overall width of each structure is
60’-0". Each superstructure is comprised of 6 Steel Plate Girders in each span. The girders are spaced at 10-10".
There are 2’-11” overhangs along each edge. The deck slab is 9” thick. The overall depth of the superstructure
is 10-8". The minimum vertical clearance over the UPRR tracks is 25’-2” the minimum vertical clearance over
Barraza-Aviation Pkwy is 23’-4” and the minimum vertical clearance over Campbell Ave is 22'-5”. A Stay-in-place
form system is necessary to limit the amount of formwork and stripping activity over the active railroad. There are
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3 main spans each 260 feet long and two end spans of 180 ft each for an overall bridge length of approximately
1148 feet. Expansion joints are located at each abutment and hinge location.

Substructure

The pier type is a concrete pier cap spanning between four 4 ft diameter concrete columns with an 8 ft diameter
drilled shaft below each column. The abutments are full-height abutments on spread footings. The spread
footings at abutment 2 sits over the 27” sewer line at the westbound bridge and over the 8” water line at the
eastbound bridge. Therefore these utility lines will need to be relocated for this alternative.

Constructability

This alternative requires ground based erection techniques including cranes and temporary shoring towers to set
the Steel Plate Girder structure. Pier and drop-in girder sections would be shop fabricated and field spliced to
accomplish the required span. Stay-in-place forms will be used over the UPRR tracks and Barraza-Aviation
roadway to limit the amount of formwork over the railroad and roadway. Lane detours on Barraza-Aviation will
be necessary during Steel Plate Girder erection and concrete deck pours.

Pier 1 is located just outside the western boundary, Pier 3 is located just east of the eastern boundary of the
UPRR Right of Way, therefore construction of these piers will not cause any impact to rail road operations. Pier
4 and Abutment 1 and 2 are completely outside the UPRR Right of Way and will not effect the rail road
operations. Pier 2 is located well within the UPRR yard and will require access over two sets of tracks from the
west side of the yard. The existing railroad crossing currently utilized by UPRR will most likely need to be
improved to accommodate construction traffic. See Figure 5.3.

This alternative will have the second greatest railroad impact costs as well as the second most detours and lane
closures at Barraza Aviation Pkwy of the three alternatives.

Construction Cost

The estimated construction cost for this alternative (including the cost of relocating the drainage channel and the
cost of 100 ft of the approaching roadway at each end for comparison to the longer alternative 2) is
approximately $48,698,000 with a unit bridge cost, excluding the aforementioned additions, of approximately
$328/SF or $45,129,000. In addition this alternative will allow the roadway profile to be lowered by
approximately 1-10”. This will reduce the overall roadway cost by decreasing the adjacent wall heights and the
amount of roadway embankment fill. This reduction has not been accounted for in this estimate. These costs
include a 15% contingency. This alternative will have the second greatest railroad impact costs.

5.11 RECOMMENDATIONS

The estimated construction cost for Alternative 1 and Alternative 2 is approximately the same, which is
approximately 25% less ($9 million) than Alternative 3. Construction of cast-in-place concrete box girders from
above using form travelers has a constructability advantage since it would create less impact to the railroad yard
and the Barraza-Aviation Pkwy. Concrete is cast-in-place, and other construction materials such as forms,
reinforcing steel are lighter and more manageable. The need for delivery, heavy lift mobilization and placement
of large, heavy elements intrusive to the space below is eliminated. Truck mounted concrete boom pumps
positioned on the existing bridge or other remote areas can deliver material to the pour without disruption to
railroad operations. By progressing in balanced cantilever from pier locations, completed portions provide the
work platform for subsequent operations. Therefore the construction procedures of Alternative 2 provides the
least impact to railroad operations, will therefore have significantly less railroad impact costs and will also
provides less impact to Barraza-Aviation Pkwy traffic, requiring less detours and lane closures. In addition,
Alternative 2 will not require the 27” diameter sewer line or the 8” diameter water line to be relocated, resulting
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in substantial savings. Pre-stressed concrete bridges have been documented to have superior durability and
require less maintenance than steel bridges, therefore Alternative 1 and 2 will have lower life cycle costs than
Alternative 3. This structure type will also be of similar type to the structures being evaluated for the Kino /22" TI
and provides clean lines and long elegant spans that provide superior aesthetics over the multi beam steel girder
bridge of Alternative 3 and the traditional cast-in-place box of Alternative 2. The variable depth girder shape in
conjunction with the long cantilever wings creates a favorable appearance.  Therefore Alternative 2 is the
recommended structure type for this bridge.
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APPENDIX A
Construction Cost Estimates
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22nd Street: Kino Pkwy to Tucson Blvd
f S ral & Dinc FINAL STRUCTURE TYPE SELECTION REPORT
’ Bridge Over Union Pacific Railroad - ALT. #1

PRELIMINARY COST ESTIMATE - ALTERNATIVE #1
(5 Span CIP Post-Tensioned Box Girder Bridge )

LUMP SUM STRUCTURE ITEMS

ITEM DESCRIPTION UNIT UNIT  QUANTITY cosT
NUMBER CcosT

2020162 REMOVE BRIDGE SQYD. | $225 11,442 $2,574,530
STRUCTURAL CONCRETE (CLASS S) (FC =

6010003 3 500) CUYD. |  $500 4,170 $2,085,000
STRUCTURAL CONCRETE (CLASS ) (FC =

6010004 4000 CUYD. |  $550 2,061 $1,133,550
STRUCTURAL CONCRETE (CLASS S) (FC =

6010005 CUYD. |  $850 13,458 | $11,439,300

4,500)
6011102 | PEDESTRIAN FENCE AND PARAPET (B-22.60)  L.FT. $100 2,504 $250,400
6011130 | F-SHAPE BRIDGE CONCRETE BARRIER AND | 505 ) 504 5237 850
TRANSITION (32IN) T ' /

6011345 | DECK JOINT ASSEMBLY (STRIP SEAL JOINT) | L.FT. $200 772 $154,400

6011371 APPROACH SLAB (SD 2.01) SQ.FT. $25 12,883 $322,075

co1510s | RESTRAINERS, VERTICAL EARTHQUAKE | 5150 1 $16.800

(EXPANSION) /

6020001 | PRESTRESSING CAST-IN-PLACE CONCRETE | L.SUM | $2,347,000 1 $2,347,000

6050002 REINFORCING STEEL LB. $1.00 | 4,904,200 = $4,904,200

6090072 DRILLED SHAFT FOUNDATION (72") L.FT. $700 6,400 $4,480,000

SUBTOTAL BRIDGE $29,945,135

ADDITIONAL ROADWAY COST $3,327,000

SUBTOTAL: $33,272,135

CONTINGENCY:  15% $4,990,820

TOTAL COST: $38,262,955

TOTAL BRIDGE COST/SF: $250

TOTAL COST/SF: $237

Structure Name: Bridge Over Union Pacific Railroad
Superstructure Type: CIP Post-Tensioned Box Girder
Substructure Type:  Full Height Abutments/Multi-Column Piers
Foundation Type: DS at Piers / Spreadfooting at Abut

No. of Spans: 5 Total Bridge Length (ft): 1147.75
Span Lengths (ft): 180 - 3 x 260 - 180 Width (Out to Out) (ft): 120.00
Skew (deg): 50 Area (sq ft): 137,730
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22nd Street: Kino Pkwy to Tucson Blvd
FINAL STRUCTURE TYPE SELECTION REPORT
Bridge Over Union Pacific Railroad - ALT. #2

PRELIMINARY COST ESTIMATE - ALTERNATIVE #?2
(5 Span Segmental CIP Post-Tensioned Box Girder Bridge)

LUMP SUM STRUCTURE ITEMS

ITEM DESCRIPTION UNIT UNIT QUANTITY COST
NUMBER COST
2020162 REMOVE BRIDGE SQ.YD. $225 11,442 $2,574,530
STRUCTURAL CONCRETE (CLASS §) (F'C =
6010003 3.500) CU.YD. $500 2,966 $1,483,000
STRUCTURAL CONCRETE (CLASS S) (FC =
6010004 4000 CU.YD. $550 3,400 $1,870,000
STRUCTURAL CONCRETE (CLASS §) (F'C =
6010060 CU.YD. $1,000 13,600  $13,600,000
6,000)
6011102 | PEDESTRIAN FENCE AND PARAPET (B-22.60) | L.FT. $100 2,792 $279,200
6011130 F-SHAPE BRIDGE CONCRETE BARRIER AND LET $95 9759 $261.440
TRANSITION (32IN) C ! '
6011355 DECK JOINT ASSEMBLY (MODULAR, LET $750 248 $186,000
MOVEMENT RATING) o '
6011371 APPROACH SLAB (SD 2.01) SQ.FT. $25 3,720 $93,000
6015200 | HIGH-LOAD MULTI-ROTATIONAL BEARINGS| EACH $8,100 8 $64,800
6020001 PRESTRESSING CAST-IN-PLACE CONCRETE | L.SUM | $4,350,000 1 $4,350,000
6050002 REINFORCING STEEL LB. $1.00 4,281,700 $4,281,700
6090048 DRILLED SHAFT FOUNDATION (48") L.FT. $550 7,920 $4,356,000
H60XXXXX ERECTION EQUIPMENT L.SUM | $2,000,000 1 $2,000,000
SUBTOTAL: $35,399,670
CONTINGENCY: 15% $5,309,951
TOTAL COST: $40,709,621
TOTAL BRIDGE COST/SF: $252
Structure Name: Bridge Over Union Pacific Railroad
Superstructure Type: Segmental CIP with variable depth
Substructure Type: Mid-Height Abutments/Hollow Rectangular Wall Piers
Foundation Type: DS a Piers / Spreadfooting at Abut
No. of Spans: 5 Total Length (ft): 1346.00
Span Lengths (ft): 205 - 3 x 310 - 205 Width (Out to Out) (ft): 120.00
Skew (deg): 0 Area (sq ft): 161,520
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PRELIMINARY COST ESTIMATE - ALTERNATIVE #3
(5 Span Steel Plate Girder Bridge)

LUMP SUM STRUCTURE ITEMS

ITEM DESCRIPTION UNIT UNIT QUANTITY COST
NUMBER COST
2020162 REMOVE BRIDGE SQ.YD. $225 11,442 $2,574,530
STRUCTURAL CONCRETE (CLASS S) (F'C =
6010003 3.500) CU.YD. $500 4,333 $2,166,500
STRUCTURAL CON,CRETE (CLASS §) (FC =
6010004 4.000) CU.YD. $550 1,004 $552,200
STRUCTURAL CONCRETE (CLASS S) (FC =
6010005 CU.YD. $600 4,265 $2,559,000
4,500)
6011102 | PEDESTRIAN FENCE AND PARAPET (B-22.60)| L.FT. $100 2,504 $250,400
6011130 F-SHAPE BRIDGE CONCRETE BARRIER AND LET $95 5 008 $475 760
TRANSITION (32IN) C ! '
6011345 | DECKJOINT ASSEMBLY (STRIP SEAL JOINT) | L.FT. $200 386 $77,200
6011371 APPROACH SLAB (SD 2.01) SQ.FT. $25 12,880 $322,000
6015102 RESTRAINERS, VERTICAL EARTHQUAKE EACH $150 20 $3.000
(EXPANSION) '
6040002 STRUCTURAL STEEL (A709 Crade 50) LB. $2.25 11,226,115 | $25,258,759
6050002 REINFORCING STEEL LB. $1.00 2,123,500 = $2,123,500
6090096 DRILLED SHAFT FOUNDATION (96") L.FT. $900 3,200 $2,880,000
SUBTOTAL BRIDGE $39,242,849
ADDITIONAL ROADWAY COST $3,103,000
SUBTOTAL: $42,345,849
CONTINGENCY:  15% $6,351,877
TOTAL COST: $48,697,726
TOTAL BRIDGE COST/SF: $328
TOTAL COST/SF: $301
Structure Name: Bridge Over Union Pacific Railroad
Superstructure Type: Steel Plate Girder Bridge
Substructure Type:  Full Height Abutments/Multi-Column Piers
Foundation Type: DS a Piers / Spreadfooting at Abut
No. of Spans: 5 Total Length (ft): 1147.75
Span Lengths (ft): 180 - 3 x 260 - 180 Width (Out to Out) (ft): 120.00
Skew (deg): 50 Area (sq ft): 137,730
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APPENDIX B
Alternative Drawings
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