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Section 1: Introduction
1.1 Project Description

The North I-25 Environmental Impact Statement (EIS), published in August 2011, identified
and evaluated multimodal transportation improvements along approximately 61 miles of the
Interstate 25 (1-25) corridor from the Fort Collins-Wellington area to Denver. A reconstructed
standard diamond interchange configuration with signalized ramp terminals was identified for
the I-25/Crossroads Boulevard Interchange as part of the EIS and again recommended in the
Final Interchange Type Selection Report dated November 2014. The functionality of this
interchange configuration is achieved in part by carrying I-25 over Crossroads Boulevard on
parallel bridge structures.

This report summarizes the preferred structure type within the I-25/Crossroads Interchange
(see Figure 1). The intent is to replace the bridge structures to meet current American
Association of State Highway and Transportation Officials (AASHTO) Load & Resistance
Factor Design (LRFD) and Colorado Department of Transportation (CDOT) standards. The
replacement bridges will be built in the same location as the existing structures.

Legend

B New Construction
[ New Structures
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= Pedestrian Bridge
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Figure 1. I-25/Crossroads Boulevard Standard Diamond Interchange - North
I-25 EIS Preferred Alternative
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During the course of the conceptual design development, CDOT secured Responsible
Acceleration of Maintenance and Partnerships (RAMP) funding for an interim improvement
project at the 1-25/Crossroads Boulevard interchange. Funding requirements necessitate that
the interim improvements be constructed by 2017. The goal of these improvements include
replacing the I-25 bridges, retaining the roundabouts at the ramp terminals, and advancing
the associated I-25 mainline to an interim stage, preparing the area for the future express
lanes build-out.

1.2 Site Location

The 1-25/Crossroads Boulevard interchange is located in unincorporated Larimer County,
approximately 2 miles north of the 1-25/US Highway 34 (US 34) interchange at Mile Post
259.3. The municipal boundary of Loveland is to the west and the municipal boundary of
Windsor is located to the east of the interchange. Crossroads Boulevard is a paved east-west
county road that extends from Rocky Mountain Avenue to State Highway (SH) 257.
Crossroads Boulevard is a four-lane roadway from Rocky Mountain Avenue to about one
mile east of I-25 where it becomes a two-lane roadway. The existing I-25/Crossroads
Boulevard interchange is a standard diamond interchange with roundabouts, providing for a
two-lane section of Crossroads Boulevard under the 1-25 bridges.

1.3 Existing Structures

The existing I-25 bridges were built in 1965 with deck and bridge rail rehabilitation in the mid-
1980s. Structure No. C-17-ES is a 3-span cast-in-place concrete slab and girder bridge
(30’-30°-30’) carrying northbound traffic. Structure No. C-17-ET is a 3-span bridge of similar
type (22’-30’-22") carrying southbound traffic. Each structure currently carries two 12-foot
traffic lanes with a 4-foot inside shoulder and a 10-foot outside shoulder. Bridge rails are on a
2-foot wide curb for an out to out width of 42’-0” at each bridge. The bridges are on both a
vertical and horizontal tangent with a 90 degree skew between I-25 and the centerline of
Crossroads Boulevard. Both bridges have sufficiency ratings above 80 according to the latest
CDOT Structure Inspection Reports, but are identified as functionally obsolete. Existing
bridge plans and the latest available structure selection report can be found in Appendix A.

IM 0253-242 (20575) Crossroads Bridge Replacement Page 2
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Section 2: Project Criteria
2.1 Structural Design and Geometric Layout

Structural design guidelines for the North I-25 corridor within CDOT Region 4 are in the
process of being developed and are documented in the Draft I-25 Corridor Common
Structural Elements and Design Criteria for the Preparation of Site-Specific Structure
Selection Reports, May 2013 (see Appendix B); hereby referred to as the Base SSR. The
purpose of this common report is, among many things, intended to establish the design
criteria for all new structures along the corridor and to document base aesthetic criteria for
these structures. Sections 5 and 6 of the Base SSR will apply to the I-25 bridges over
Crossroads Boulevard. Section 3.4 of the Base SSR will apply to retaining walls.

The geometric recommendations in Sections 2.2 and 3.2 of the Base SSR for I-25 over state
highways and county roads were modified to fit the mutually agreed upon needs of CDOT
and the City of Loveland at this intersection. Discussion points such as safety, graffiti
concerns, matching aesthetics in the area, and the desire to keep the roundabouts, all
contributed to the decision to provide single span structures over Crossroads Boulevard. The
requirements include:

e Maintain a clear span and open feeling beneath the bridges (i.e., no pier column in
the median of Crossroads Boulevard). This will also allow the City the most flexibility
with future traffic configurations and will avoid any utility conflicts during construction.

e Shorten the overall span length as much as possible.

e Provide a wall configuration beneath the bridges to support the first two bullets above.
Wall height should be set such that the walls are not easily climbable.

IM 0253-242 (20575) Crossroads Bridge Replacement Page 3
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2.2 Interim Roadway Cross-section

The objective of the interim improvement project is to utilize as much of the existing
Crossroads Boulevard as possible, leaving the roundabouts in place, tying the new ramps
into the existing, and minimizing right-of-way impacts. Crossroads Boulevard between the
roundabouts will be widened to four 12-foot lanes with 5-foot bike lanes in each direction, a
6-foot median, and a 6-foot sidewalk in each direction located in the ultimate location (see
Figure 2). Retaining walls set 2-feet off the sidewalk and directly in front of the abutments will
reduce overall bridge length and allow for a more stubby abutment configuration.

Crossroads
5'-0" Bike Lane 6'-o" HCL 5'-0" Bike Lane
T& 6'-0" 26" —‘ >_121_o" —H/HZ._O.. { 2'-6" 60" [r
2'-o" ,’7, Varies ,—I, . Lanes Al Lanes ; ,IT Varies ,—‘, 2'-0"
I i I
Figure 2. Crossroads Boulevard Cross-section (Interim) at Bridge

The improved I-25 cross-section at the bridges (64-feet clear; 67-feet out to out) will include a
12-foot outside shoulder and two 12-foot general purpose lanes. The northbound bridge will
be built and striped for a 28-foot inside shoulder to accommodate phasing needs and the
future 12-foot express lane and 4-foot buffer (see Figure 3). The southbound bridge will also
be built to accommodate the future express lane, but will be striped with a 16-ft shoulder in
the interim.

1-25 HCL
2-12'-Q1 ’/ 2-121-Q1
12'-0" _ GF Lanes 28'-p" 16'-0" | 1s8'-p" 28'-g" GF Lanes _ 12'-g"
Shidr. [ =24'-0" ] Shidr. Shidr. [ =24'-0" “[Shidr.
Figure 3. I-25 Cross-section (Interim) at Bridge
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2.3 Ultimate Roadway Cross-section

A standard diamond interchange with signalized ramp terminals is recommended for the
ultimate configuration. The Crossroads Boulevard roadway cross-section between the signals
will provide two 12-foot through lanes and a 12-foot turn lane in each direction with a back-to-
back median separated shared turn lane in the middle (see Figure 4). Bicyclists and
pedestrians will continue to be accommodated.

/-Crossroqu HCL

2'-g" 5'-0" Bike Lane 8'-0" 5'-0" Bike Lane 2'-g"

4'-0" Buffer Varies Varies 4'-Q" Buffer
6'—0'L| _‘ Z-12'-0" 24'-Q" 24'-Q" 2-12-g" [ [6'—0"
2'-0" ! [ Lanes . mox. . max. . Lanes L ﬂ'_’{—O”
[ | | | =24'-Q" Dbl. Left | | Dbl. Left =24-Q" | | | g
Turn i | Turn
Y e i —r f:

Figure 4. Crossroads Boulevard Cross-section (Ultimate) at Bridge

The 1-25 cross-section at the bridge will be 76-feet clear (79-feet out to out) and will include a
12-foot outside shoulder, three 12-foot general purpose lanes, a 12-foot express lane with 4-
foot buffer, and a 12-foot inside shoulder (see Figure 5). This configuration will require a 12-
foot future widening of each bridge.
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Figure 5. I-25 Cross-section (Ultimate) at Bridge

2.4 Geotechnical Information

The geotechnical investigation for the structures at this interchange is currently being
conducted. Review of the as-constructed bridge plans and preliminary discussion with the
geotechnical engineer indicated that bedrock is shallow at the bridge sites. Shallow bedrock
indicates that abutments founded on drilled caissons may be the more feasible substructure
recommendation over abutments founded on H-piling.

IM 0253-242 (20575) Crossroads Bridge Replacement Page 5
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Section 3: Preliminary Design Basis, Recommended
Superstructure, and Constructability
Considerations

3.1 Design Constraints

The proposed northbound (C-17-GL) and southbound (C-17-GM) I-25 bridges over
Crossroads Boulevard will replace the existing three span concrete T-beam twin bridge
structures built in 1963. Design constraints are as follows:

1. A 69-foot interim roadway cross-section and 129-foot ultimate roadway cross-section
for Crossroads Boulevard beneath both northbound and southbound I-25 structures
require longer spans for the new bridges.

2. A vertical clearance of 16’-6" is required as 1-25 passes over Crossroads Boulevard.
Because the roadway profiles for both northbound and southbound 1-25 are being re-
graded, structure depth was not deemed critical. Vertical clearance is set for the
ultimate bridge configuration.

3. Eliminating pier columns in the median of Crossroads Boulevard is preferred to
maintain a clear sight zone beneath the structures and to avoid current and future
utility conflicts.

4. The northbound and southbound structures both have a width of 67-feet with a single
12-foot future widening. Both interim structures will be constructed in a single phase.

5. A single span structure approximately 140-feet long is within the fabrication capacity
of standard bulbed-T girders.

6. The twin bridges are placed at a 90 degree angle to the centerline of 1-25 for simplicity
and ease of construction and future maintenance.

3.2 Recommended Superstructure Type

The preferred structure type is a precast prestressed BT84 girder superstructure with an 8-
inch deck on integral, caisson supported abutments placed behind retaining walls. Retaining
walls are anticipated to be soil nail walls directly under the bridge, and transition to MSE walls
in fill conditions. Given the proposed Crossroads Boulevard cross-section, the BT84 girders
are more economical than multi-span configurations due to reduced structure length and
elimination of piers.

The resulting twin structure is a single span (140’-0") precast prestressed BT84 girder bridge.
The interim width of each bridge will be 67-feet from edge of deck to edge of deck to
accommodate two 12-foot lanes, a 12-foot shoulder, a 28-foot shoulder, and Type 10 bridge
rails. The 28-foot shoulder width will accommodate a 12-foot future managed lane and 4-foot
buffer zone along with a 12-foot shoulder. This width is also necessary on the northbound
structure in order to accommodate a temporary phase of construction during which both
northbound and southbound traffic will be carried. The ultimate width of both structures will
be approximately 79-feet from edge of deck to edge of deck to accommodate three 12-foot
general purpose lanes, two 12-foot shoulders, a 4-foot buffer with 12-foot express lane, and
Type 10 bridge rails. Refer to Appendix C for General Layout and Typical Section.

IM 0253-242 (20575) Crossroads Bridge Replacement Page 6
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3.3 Constructability Considerations

The interim structures for both northbound and southbound I-25 will be constructed without
phasing by utilizing a traffic shift during construction. To accommodate this, the existing
southbound structure must be temporarily widened to the west to handle both directions of I-
25 traffic while the northbound bridge is reconstructed. The planned 67-ft out to out width of
the northbound structure will accommodate both directions of I-25 traffic while the
southbound bridge is reconstructed.

IM 0253-242 (20575) Crossroads Bridge Replacement Page 7



I-25 and Crossroads Blvd. Structure Selection Report June 2015

Appendix A

General Layout and Structure Inspection Report
for Existing Bridges
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Appendix B

Draft I-25 Corridor Common Structural Elements and
Design Criteria for the Preparation of Site-Specific
Structure Selection Reports, May 2013
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I-25 Corridor Common Structural Elements and Design Criteria for the Base Structure Alternatives
Preparation of Site-Specific Structure Selection Reports

Figure 3.11  Fill configuration retaining wall typical section, not at roadway edge

3.4.1.2.  Cut configuration

Retaining walls in cut configuration are a configuration where the retaining walls support an existing surface
to accommodate a lower surface in front of the retaining walls, such as a proposed roadway in front of an
existing surface. Cut configuration retaining walls could be located near the base of the slope or at the top of
slope. Cut configuration retaining walls could be used to support an existing abutment embankment to
accommodate a widened roadway under the bridge. Figure 3.12 and Figure 3.13 show cut configuration
retaining wall typical sections.

Figure 3.12  Cut configuration retaining wall typical section at base of slope
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Figure 3.13  Cut configuration retaining wall typical section at top of slope
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3.4.2. Retaining wall design requirements

Retaining wall design shall conform to the procedures in the AASHTO LRFD Bridge Design Specifications
(LRFD). The LRFD addresses retaining wall foundations in the context of external stability provisions.

3.4.2.1.  Strength | Limit State

For design of retaining wall foundations, the Strength | Limit State is required for factored bearing resistance
comparison to factored bearing pressure, for calculation of the location of resultant force as an evaluation of
the retaining wall foundation width, and for factored sliding resistance comparison to factored applied force
resistance.

3.4.2.2. Extreme Event | Limit State

Seismic performance is considered in the design of retaining wall in the Extreme Event | Limit State. Using
parameters from the geotechnical report, the peak ground acceleration, spectral acceleration, site coefficient,
damped horizontal response spectral acceleration coefficient at one-second period modified by long-term
site factor (Sb1), soil profile, and seismic zone are determined. For Sp1 < 0.15, Seismic Zone 1 applies.
From experience with LRFD design of retaining walls, Extreme Event | Limit State does not control the
retaining wall design of retaining walls in Seismic Zone 1, which applies in most of Colorado. Extreme

Event | Limit State should only be considered for retaining walls in Seismic Zone 2, or for sites with
foundations subject to liquefaction.

3.4.2.3. Extreme Event Il Limit State

For retaining walls containing a bridge rail and retaining an adjacent roadway, vehicle loads applied to bridge
rails are applied in the Extreme Event Il Limit State using AASHTO LRFD Section 13 and Appendix 13A.
Retaining walls supporting a roadway with bridge rail require a rail anchoring slab to resist the loads on the
bridge rail. From experience with LRFD design of retaining walls, Extreme Event Il Limit State does not
control the design of moderate or tall retaining walls, but potentially controls the design of short-height
retaining walls.

3.4.2.4. Service | Limit State

The Service | Limit State is required for evaluation of performance, including settlement and lateral
deformations. For design of retaining wall foundations, the Service | Limit State bearing resistance is
correlated to an acceptable total settlement, such as a limit of 2 inches total settlement.

The Service | Limit State bearing resistance shall not exceed the values in the geotechnical report.
Retaining wall height is the main parameter affecting the applied service bearing pressure. The main affect
of applied service bearing pressure is the retaining wall height. Footing width, or reinforcement length of
MSE walls, affect applied service bearing pressures between 1.3 and 1.0 times the vertical embankment
load pressure.
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Retaining wall heights that generate applied service bearing pressures that do not exceed service bearing
resistance and that have been correlated to acceptable settlement/deformation, will perform within an
acceptable range.

Retaining wall heights that generate applied service bearing pressures that exceed service bearing
resistance that has been correlated to acceptable settlement/deformation, will not perform within an
acceptable range of settlement or deformation without a design solution. Solution alternatives include deep
foundations, foundation improvements, monitored time-consolidation, load reduction such as structural-grade
polystyrene, or other alternatives.

The Service | Limit State is also required for evaluation of overall stability, sometimes called global stability.
The overall stability of the retaining wall, retained slope, and foundation soil should be evaluated using
limiting equilibrium methods of analysis. Sites with soft foundation soils, or sites with tiered walls, sometimes
have overall stability analysis as the controlling design condition.

The “Service Limit State” uses different load factors and resistance factors, compared to the “Strength Limit
State”. For evaluation of settlement and/or deformations, live loads and live load surcharge are omitted,
since only permanent loads contribute to the settlement and/or deformation configurations.

3.4.25. LRFD foundation design

The LRFD provisions for using the Strength | Limit State and Service | Limit State are applicable to retaining
wall foundation design in the context of external stability.

Development of appropriate geotechnical parameters is key to conducting the Strength | Limit State and
Service | Limit State evaluation, and to performance that is correlated to the anticipated performance.
Nominal bearing resistance (formerly described as ultimate bearing resistance) multiplied by a corresponding
resistance factor, yields the factored bearing resistance for comparison to Strength | Limit State factored
loads. Reinforced concrete cantilever retaining walls typically have a lower nominal bearing resistance than
MSE retaining walls, since reinforced concrete cantilever retaining walls are more rigid than MSE retaining
walls.

Service | Limit State bearing resistance (formerly described as allowable bearing capacity) is correlated to an
acceptable settlement limit and corresponding performance characteristics, and then compared to Service |
Limit State applied bearing pressure. Reinforced concrete cantilever retaining walls and MSE retaining walls
have similar “Service Limit State” bearing resistance since their settlement and deformation performance is
similar, and have similar Service | Limit State applied bearing pressures since their foundation widths are
similar for comparable height.

After appropriate geotechnical parameters are developed for the Strength | Limit State and the Service |
Limit State, the evaluation shall compare the Strength | Limit State resistance to applied loads (bearing,
location of resultant, sliding), and compare the Service | Limit State bearing resistance to the applied service
bearing pressure without live load. For retaining wall heights above the threshold height where bearing
resistances equal to service applied bearing pressure loads, the retaining walls require a foundation solution.
Foundation solutions include deep foundations, foundation improvements, monitored time-consolidation, or
other alternatives.

Overall stability, sometimes called global stability, should be evaluated in the Service | Limit State. The
overall stability of the retaining wall, retained slope, and foundation soil should be evaluated using limiting
equilibrium methods of analysis. Sites with soft foundation soils, or sites with tiered walls, sometimes have
overall stability analysis as the controlling design condition.

3.4.3. Structure type alternatives

Retaining wall design shall conform to the procedures in the LRFD. The LRFD address retaining wall
foundations in the context of external stability provisions.

3.4.3.1. Fill walls with adequate service bearing resistance

Retaining walls where the service bearing resistance is adequate for the applied service bearing pressure
will perform within an acceptable range of settlement and deformation. The service bearing resistance is
correlated to acceptable settlement and deformation parameters, and retaining walls with applied service
bearing pressures that do not exceed the service bearing resistance will perform adequately.
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Retaining wall height is the main parameter that affects applied service bearing pressure. Foundation width
or retaining wall type affect applied service bearing pressure between 1.3 and 1.0 times the vertical
embankment load pressure.

The Service | Limit State will predominately control retaining wall foundations. The Strength | Limit State
rarely controls retaining wall design.

Feasible structure types were considered and evaluated as a solution for retaining wall fill configurations that
have with adequate service bearing resistance. Feasible structure type alternatives were evaluated to
conform to and to accommodate the structure configuration according to the evaluation criteria. The
structure type evaluation is for retaining wall alternatives that provide adequate foundation strength, provide
adequate service resistance correlated to acceptable settlement and deformations, do not require deep
foundations or other foundation solutions, and provide service performance within the settlement and
deformation criteria.

3.4.3.1.1. MSE wall with precast concrete face

MSE retaining walls consist of granular soil reinforced by layers of soil reinforcement. The soil reinforcement
resists lateral earth loads through friction against the granular soil. Soil reinforcement material properties
conform to performance specifications. Internal stability is provided by soil reinforcement of sufficient length
and strength for a chosen spacing within the parameters of the performance specifications. The reinforced
soil functions as a gravity retaining wall system. External stability evaluations are conducted for the Strength
| Limit State, Extreme Event | Limit State, and Extreme Event Il Limit State evaluations, including checks of
bearing resistance, location of the resultant force, and sliding resistance. Performance for settlement and/or
deformations are evaluated for the Service | Limit State, including service applied bearing pressure,
compared to the service bearing resistance that was correlated to acceptable settlement criteria. Retaining
wall heights that result in service applied bearing pressures within the service bearing resistance that was
correlated to settlement criteria, do not require deep foundation solutions.

The facing provides weather resistance and resists lateral soil loads between soil reinforcement layers.
Vertical joints between facing panels should be aligned so that the vertical joints run from top to bottom of
wall, to best accommodate differential settlements and deformations along the wall. A coping
accommodates a sloping top of wall profile. A bridge rail is accommodated on top of the wall be
incorporation of a reinforced concrete rail anchoring slab.

Construction time is relatively short; construction details and assembly are fairly simple; and multiple MSE
suppliers are available.

During final design, plans and specifications are developed to give MSE suppliers the parameters and
requirements for soil reinforcement. Prior to implementation of LRFD design, CDOT MSE wall worksheets
and non-LRFD special provisions were used to define those parameters and requirements for soil
reinforcement. For LRFD design, MSE wall details corresponding to LRFD, and special provisions
corresponding to LRFD, are used.

The following are advantages to MSE walls with precast concrete face:

Least cost solution for wall design heights above 8 feet design height.
Accommodate various horizontal and vertical alignments, except tight curves.
Experienced contractors and available suppliers.

Shallow foundations, no foundation improvement needed.

The following are disadvantages to MSE walls with precast concrete face:
e Geometric constraints for horizontal vertical alignments with tight curves are not accommodated as well
with MSE walls.

e All retaining walls experience some settlement and lateral deformation, which must be compared to the
project tolerances for settlement and lateral deformation.

¢ Differential settlement should be controlled to limit damage to face.

e Foundation improvement needed if strength factored bearing pressures exceed factored bearing
resistance of in-place foundation material, or if service applied bearing pressures exceed bearing
resistance that was correlated to settlement performance, often occurring on tall walls.
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3.4.3.1.2. MSE wall with full-height precast concrete face

MSE retaining walls may be constructed with full height panels in lieu of more discrete panels. In these walls,
the panels rarely serve a structural purpose as the structural facing of the wall is provided by baskets or
wrapped geotextile fabrics. The panels serve as a weather resistant barrier and can incorporate a variety of
architectural appearances.

MSE retaining walls consist of granular soil reinforced by layers of soil reinforcement. The soil reinforcement
resists lateral earth loads through friction against the granular soil. Soil reinforcement material properties
conform to performance specifications. Internal stability is provided by soil reinforcement of sufficient length
and strength for a chosen spacing within the parameters of the performance specifications. The reinforced
soil functions as a gravity retaining wall system. External stability evaluations are conducted for the Strength
I Limit State, Extreme Event | Limit State, and Extreme Event Il Limit State evaluations, including checks of
bearing resistance, location of the resultant force, and sliding resistance. Performance for settlement and/or
deformations are evaluated for the Service | Limit State, including service applied bearing pressure,
compared to the service bearing resistance that was correlated to acceptable settlement criteria. Retaining
wall heights that result in service applied bearing pressures within the service bearing resistance that was
correlated to settlement criteria, do not require deep foundation solutions.

The facing provides weather resistance and resists lateral soil loads between soil reinforcement layers. Full
height precast concrete panel facings require more temporary bracing than multiple precast concrete panels.
Full height precast concrete panel facings are less accommodating of settlement magnitude, and differential
settlement, compared to multiple precast concrete panels.

A coping accommodates a sloping top of wall profile. A bridge rail is accommodated on top of the wall by
incorporation of a reinforced concrete rail anchoring slab.

Construction time is relatively short, construction details and assembly require more temporary bracing, and
multiple MSE suppliers are available.

During final design, plans and specifications are developed to give MSE suppliers the parameters and
requirements for soil reinforcement. Prior to implementation of LRFD design, CDOT MSE wall worksheets
and non-LRFD special provisions are used to define those parameters and requirements for soll
reinforcement. For LRFD design, MSE wall details corresponding to LRFD, and special provisions
corresponding to LRFD, are used.

The following are advantages to MSE wall with full-height precast concrete face:

Somewhat low cost solution for most wall design heights.

Accommodate various horizontal and vertical alignments, except tight curves.
Experienced contractors and available suppliers.

Shallow foundations, no foundation improvement needed.

The following are disadvantages to MSE wall with full-height precast concrete face:

e Geometric constraints for horizontal vertical alignments with tight curves are not accommodated as well
with MSE walls.

e All retaining walls experience some settlement and lateral deformation, which must be compared to the
project tolerances for settlement and lateral deformation.

¢ Differential settlement should be controlled to limit damage to face.

e Foundation improvement needed if strength factored bearing pressures exceed factored bearing
resistance of in-place foundation material, or if service applied bearing pressures exceed bearing
resistance that was correlated to settlement performance, often occurring on tall walls.

e Full height precast concrete panel facings are less accommodating of settlement magnitude, and
differential settlement, compared to multiple precast concrete panels.

3.4.3.1.3. Reinforced concrete cantilever retaining wall

Reinforced concrete cantilever retaining walls function as a semi-gravity retaining wall to resist lateral soil
loads by structural resistance of the stem and footing, external stability of the height, and width of soil
retained. The footing dimensions are determined from external stability, and then designed to resist the
structural loads. External stability evaluations are conducted for the Strength | Limit State, Extreme Event |

36



I-25 Corridor Common Structural Elements and Design Criteria for the Base Structure Alternatives
Preparation of Site-Specific Structure Selection Reports

Limit State, and Extreme Event Il Limit State evaluations, including checks of bearing resistance, location of
the resultant force, and sliding resistance. Performance for settlement and/or deformations are evaluated for
the Service | Limit State, including service applied bearing pressure, compared to the service bearing
resistance that was correlated to acceptable settlement criteria.

Retaining wall heights that result in service applied bearing pressures within the service bearing resistance
that was correlated to settlement criteria, do not require deep foundation solutions. Tall retaining walls
generate large lateral soil loads and large resulting bearing pressures, sometimes requiring deep
foundations to achieve external stability.

Construction cost of cantilever retaining walls over 10 feet high often exceeds the cost of MSE walls of
similar height.

The following are advantages to reinforced concrete cantilever retaining wall:

e Lower lateral deformation than MSE walls (similar settlement compared to MSE walls).
e Accommodate various horizontal and vertical alignments.
e Experienced contractors and available suppliers.

The following are disadvantages to reinforced concrete cantilever retaining wall:

e Higher structure cost for tall walls.
e Longer construction duration.

3.4.3.1.4. Structure types not feasible

Vertical cantilever walls, such as secant pile walls, are not feasible for fill walls because they are typically
used in cut configurations.

Gravity walls or modular block walls are not feasible for retaining walls over 8 feet high due to limited
capacity to resist lateral soil loads resulting from tall walls.

MSE walls with block face constructed in Colorado in the last 20 years have experienced durability issues.
The blocks comprising the face have deteriorated on several projects and at the request of the region are not
to be used for walls for maintenance purposes except where approved.

3.4.3.1.5. Recommended structure type

Feasible structure types were evaluated as a solution for the structure configurations. Feasible structure
type alternatives were evaluated to conform to and to accommodate the structure configuration according to
the evaluation criteria. Various aspects of each alternative were evaluated, corresponding to the written
descriptions in previous subsections.

Efficiencies in cost and schedule will be achieved with the recommended retaining wall type for fill walls with
adequate service bearing resistance:

e MSE retaining wall with precast concrete face:
This alternative represents the least cost solution, accommodates settlement, accommodates some
differential settlement, achieves performance within service parameters, conforms to the geometric
constraints, and uses efficient construction. Figure 3.14 shows the recommended retaining wall type.
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Figure 3.14 MSE wall with precast concrete face
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3.4.3.2.  Fill walls without adequate service bearing resistance

Retaining walls where the service bearing resistance is exceeded by the applied service bearing pressure
will not perform within an acceptable range of settlement and deformation, unless a foundation solution is

provided. Foundation solution alternatives include deep foundations, foundation improvements, monitored
time consolidation, and load reduction, such as structural-grade polystyrene.

Retaining wall height is the main parameter that affects applied service bearing pressure. Tall retaining walls
generate large lateral soil loads and large resulting bearing pressures, sometimes requiring deep
foundations to achieve external stability. Foundation width or retaining wall type have minor affect on
applied service bearing pressure.

The Service | Limit State will predominately control retaining wall foundations. The Strength | Limit State
rarely controls retaining wall design.

Feasible structure types were considered and evaluated as a solution for retaining wall fill configurations
without adequate service bearing resistance. Feasible structure type alternatives were evaluated to conform
to and to accommodate the structure configuration according to the evaluation criteria. These structure
types require deep foundations or other foundation solutions.

3.4.3.2.1. MSE wall with precast concrete face, with foundation improvement

MSE retaining walls consist of granular soil reinforced by layers of soil reinforcement. The soil reinforcement
resists lateral earth loads through friction against the granular soil. Soil reinforcement material properties
conform to performance specifications. Internal stability is provided by soil reinforcement of sufficient length
and strength for a chosen spacing within the parameters of the performance specifications. The reinforced
soil functions as a gravity retaining wall system. External stability evaluations are conducted for the Strength
| Limit State, Extreme Event | Limit State, and Extreme Event Il Limit State evaluations, including checks of
bearing resistance, location of the resultant force, and sliding resistance. Performance for settlement and/or
deformations are evaluated for the Service | Limit State, including service applied bearing pressure,
compared to the service bearing resistance that was correlated to acceptable settlement criteria. Retaining
wall heights that result in service applied bearing pressures that exceed the service bearing resistance that
was correlated to settlement criteria, require deep foundation solutions or foundation improvement.
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Foundation solution alternatives include deep foundations, such as stone columns, driven piles, dynamic
compaction, compaction grouting, grout injection of the foundation soil to improve its service bearing
resistance, or load reduction such as structural-grade polystyrene.

The facing provides weather resistance and resists lateral soil loads between soil reinforcement layers.
Vertical joints between facing panels should be aligned so that the vertical joints run from top to bottom of
wall to best accommodate differential settlements and deformations along the wall. A coping accommodates
a sloping top of wall profile. A bridge rail is accommodated on top of the wall by incorporation of a reinforced
concrete rail anchoring slab.

Construction time is relatively short; construction details and assembly are fairly simple; and multiple MSE
suppliers are available.

During final design, plans and specifications are developed to give MSE suppliers the parameters and
requirements for soil reinforcement. Prior to implementation of LRFD design, CDOT MSE wall worksheets
and non-LRFD special provisions were used to define those parameters and requirements for soil
reinforcement. For LRFD design, MSE wall details corresponding to LRFD, and special provisions
corresponding to LRFD, are used.

The following are advantages to MSE walls with precast concrete face, with foundation improvement:

e Accommodate various horizontal and vertical alignments, except tight curves.
e Experienced contractors and available suppliers.

The following are advantages to MSE wall with precast concrete face, with foundation improvement:

e Cost of foundation improvement if strength factored bearing pressures exceed factored bearing
resistance of in-place foundation material, or if service applied bearing pressures exceed bearing
resistance that was correlated to settlement performance, often occurring on tall walls.

e Geometric constraints for horizontal vertical alignments with tight curves are not accommodated as well
with MSE walls.

e All retaining walls experience some settlement and lateral deformation, which must be compared to the
project tolerances for settlement and lateral deformation.

o Differential settlement should be controlled to limit damage to face.

3.4.3.2.2. MSE wall with precast concrete face, monitored time consolidation

MSE retaining walls consist of granular soil reinforced by layers of soil reinforcement. The soil reinforcement
resists lateral earth loads through friction against the granular soil. Soil reinforcement material properties
conform to performance specifications. Internal stability is provided by soil reinforcement of sufficient length
and strength for a chosen spacing within the parameters of the performance specifications. The reinforced
soil functions as a gravity retaining wall system. External stability evaluations are conducted for the Strength
| Limit State, Extreme Event | Limit State, and Extreme Event Il Limit State evaluations, including checks of
bearing resistance, location of the resultant force, and sliding resistance. Performance for settlement and/or
deformations are evaluated for the Service | Limit State, including service applied bearing pressure,
compared to the service bearing resistance that was correlated to acceptable settlement criteria. Retaining
wall heights that result in service applied bearing pressures that exceed the service bearing resistance that
was correlated to settlement criteria, require foundation solutions.

Foundation solution alternatives include monitored time consolidation, or other foundation improvement
alternatives.

The alternative with monitored time consolidation requires a different facing solution, such as a two-stage
facing. A two-stage facing could be a wire-face MSE wall with a precast or cast-in-place reinforced concrete
facing constructed later after the monitored consolidation has occurred. The inner facing resists lateral soil
loads between soil reinforcement layers. The permanent outer facing provides weather resistance.

A coping accommodates a sloping top of wall profile. A bridge rail is accommodated on top of the wall be
incorporation of a reinforced concrete rail anchoring slab.

Construction time is very long for the monitored time consolidation, potentially 6 months to 12 months.
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The following are advantages of MSE walls with precast concrete face, monitored time consolidation:

e Potentially least cost solution for most wall design heights.
e Accommodate various horizontal and vertical alignments, except tight curves.
e Experienced contractors and available suppliers.

The following are disadvantages of MSE walls with precast concrete face, monitored time consolidation:

e Time for monitored consolidation, potentially 6 months to 12 months.

e Cost associated with monitored time consolidation.

e Geometric constraints for horizontal vertical alignments with tight curves are not accommodated as well
with MSE walls.

3.4.3.2.3. Reinforced concrete cantilever retaining wall on deep foundation

Reinforced concrete cantilever retaining walls function as a semi-gravity retaining wall to resist lateral soil
loads by structural resistance of the stem and footing by external stability of the height and width of sall
retained. The footing dimensions are determined from external stability with consideration of the deep
foundation. External stability evaluations are conducted for the Strength | Limit State, Extreme Event | Limit
State, and Extreme Event Il Limit State evaluations for the deep foundation. Performance for settlement
and/or deformations are evaluated for the Service | Limit State, and provided by the deep foundation.

Foundation solution alternatives include driven steel piles or drilled caissons.

Construction cost of cantilever retaining walls over 10 feet high often exceeds the cost of MSE walls of
similar height.

The following are advantages to reinforced concrete cantilever retaining walls on deep foundation:

e Lower lateral deformation than MSE walls.
e Accommodate various horizontal and vertical alignments.
e Experienced contractors and available suppliers.

The following are disadvantages to reinforced concrete cantilever retaining walls on deep foundation:

e Higher structure cost for deep foundations and for tall walls.
e Longer construction duration.

3.4.3.2.4. Structure types not feasible
Vertical cantilever walls are not feasible for fill walls because they are typically used in cut configurations.

Gravity walls or modular block walls are not feasible for retaining walls over 8 feet high due to limited
capacity to resist lateral soil loads resulting from tall walls.

MSE walls with block face constructed in Colorado in the last 20 years have experienced durability issues.
The blocks comprising the face have deteriorated on several projects.

3.4.3.25. Recommended structure type

Feasible structure types were considered and evaluated as a solution for the structure configurations.
Feasible structure type alternatives were evaluated to conform to and to accommodate the structure
configuration according to the evaluation criteria. Various aspects of each alternative were evaluated,
corresponding to the written descriptions in previous subsections.

There are not enough known parameters related to foundations or construction available for time
consolidation to complete an evaluation or make a structure type recommendation.

If significant construction time, such as 6 months to 12 months, is available to accommodate a long time
consolidation, this alternative could be feasible for fill walls without adequate service bearing resistance:

e MSE retaining wall with precast concrete face, monitored time-consolidation.

This alternative represents the potentially least cost solution, but requires a long duration, such as 6
months to 12 months, for monitored time consolidation. It accommodates some differential settlement,
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achieves performance within service parameters, conforms to the geometric constraints, and uses
efficient construction. Figure 3.15 shows the recommended structure type.

Figure 3.15 MSE wall with precast concrete face monitored time-consolidation
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If significant construction time is not available to accommodate a long time-consolidation, this alternative
could be feasible:

e MSE retaining wall with precast concrete face, with foundation improvement.
This alternative represents the potentially least cost solution, but requires a foundation solution such as
deep foundation, stone columns, driven piles, grout injection of the foundation soil to improve its service
bearing resistance, or a load reduction such as structural-grade polystyrene, or other foundation
improvement alternatives. Figure 3.16 shows the recommended structure type.
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Figure 3.16 MSE wall with precast concrete face with foundation improvement
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3.4.3.3. Cutwalls

Retaining walls in cut configuration are a configuration where the retaining walls support an existing surface
to accommodate a lower surface in front of the retaining walls, such as a proposed roadway in front of an
existing surface. Cut configuration retaining walls could be used to support an existing roadway surface to
accommodate a proposed surface at a lower elevation in front of the retaining wall. Cut configuration
retaining walls could be used to support an existing abutment embankment to accommodate a widened
roadway under the bridge.

Top-down construction is one technique for construction of cut retaining walls. This method includes the
following:

e Embedded vertical cantilever walls such as secant pile walls, sheet piling walls, soldier piling with lagging
walls.

e Multi-anchor facing soil nail walls or other anchored wall systems such as soldier pile walls with lagging
and anchors.

Feasible structure types were considered and evaluated as a solution for retaining wall cut configurations.
Feasible structure type alternatives were evaluated to conform to and to accommodate the structure
configuration according to the evaluation criteria.

3.4.3.3.1. Embedded vertical cantilever retaining wall

Embedded vertical cantilever retaining walls function as non-gravity retaining walls to resist lateral soil loads
by structural resistance of the vertical elements and by the passive lateral resistance of competent rock
against the embedded vertical cantilever. The embedded vertical cantilever elements would be drilled
caissons embedded in bedrock. The vertical cantilever elements above the foundations would be formed
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reinforced concrete columns of similar diameter, to facilitate reinforcement splicing from the drilled caissons
to the vertical columns. External stability evaluations are conducted for the embedded vertical cantilever
caissons, to compare lateral resistance to the applied loads using the Strength | Limit State provisions.
Lateral deflections are evaluated for the Service | Limit State, including deflections of the upper vertical
cantilever components, and lateral soil resistances that are correlated to service performance of the
foundation.

Where the bottom of wall is lower than estimated top of bedrock, the embedded vertical foundation members
are drilled directly into bedrock. If the upper vertical cantilever elements are above existing ground, the
upper vertical cantilever elements would be constructed as formed reinforced concrete columns above the
foundation caissons.

Where the bottom of wall is above estimated bedrock, the embedded vertical foundation members require
more length to reach embedment in bedrock, and require a larger diameter to achieve more stiffness due to
the depth to fixity. The deflection of the upper cantilever elements is affected by the longer depth to fixity of
the foundation elements, and requires large elements to limit deflections, using the Service | Limit State
provisions.

Embedded vertical cantilever retaining walls require 12 feet to 15 feet construction platform width. A
foundation drill rig could operate on the construction platform, proceeding along the wall length, but the
speed of the foundation construction will be slow due to drilling many caissons into bedrock, and the
sequence to drill a few holes and place reinforced concrete caissons. Where more width is available, the
drill rig could work from the side of the retaining wall, which is a more efficient sequence.

The upper vertical cantilever elements would be reinforced concrete columns to accommodate connection to
the foundations. Then a facing would be constructed to span between vertical columns. The visible surface
of the facing can accommodate architectural and aesthetic designs obtained by a formliner. Compared to the
reinforced concrete stem wall of the reinforced concrete cantilever wall alternative, the upper vertical
reinforced concrete columns with next-step facing is less efficient.

The following are advantages and disadvantages of embedded vertical cantilever retaining walls:

e Can be constructed within construction platform width.
e Accommodates horizontal and vertical alignments.

The following are advantages and disadvantages of embedded vertical cantilever retaining walls:

e Medium cost solution, higher than lowest cost alternative.

e Longer construction duration than other alternatives.

e Construction duration is longer than other alternatives due to the many foundations to be drilled, and the
additional step to construct facing after upper vertical columns are constructed.

3.4.3.3.2. Multi-anchored-facing soil nail retaining wall

Multi-anchored-facing retaining walls function as non-gravity retaining walls to resist lateral soil loads by
structural resistance of multiple lateral anchor elements. The multiple lateral anchors are connected to a
vertical facing that resists lateral soil loads between anchors. Soil nail retaining walls are common types of
multi-anchor-facing retaining walls. The multiple soil nails resist intension the lateral soil loads.

Facing alternatives consist of reinforced concrete cast-in-place or two stage facings consisting of reinforced
concrete cast-in-place first stage and precast concrete second stage facing. External stability evaluations
are conducted for the multi-anchor wall system and individual soil nail anchors, plus the facing, using the
Strength | Limit State provisions. Lateral deflections are evaluated for the Service | Limit State.

The following are advantages of multi-anchored-facing soil nail retaining walls:

e Potentially the least cost alternative.

e Constructed with top-down sequence from the accessible side.

e Accommodates horizontal and vertical alignments.

The following are disadvantages of multi-anchored-facing soil nail retaining walls:
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Medium cost solution, higher than lowest cost alternative.
Potentially longer construction duration than other alternatives.
Quality concerns of grout and facing.

Length of anchors must be within right of way.

3.4.3.3.3. Structure types not feasible
Fill wall types, due to significant excavation and associated costs are not likely to be feasible.

3.4.3.3.4. Recommended structure type

Feasible structure types were considered and evaluated as a solution for the structure configurations.
Feasible structure type alternatives were evaluated to conform to and to accommodate the structure
configuration according to the evaluation criteria. Various aspects of each alternative were evaluated,
corresponding to the written descriptions in previous subsections.

Efficiencies in cost and schedule will be achieved with the recommended retaining wall type for cut walls:

e Multi-anchor-facing soil nail retaining wall with precast concrete face
This alternative represents the potentially least cost solution, conforms to the geometric constraints, and
uses efficient construction.

Figure 3.17  Multi-anchor-facing soil nail retaining wall with precast concrete face
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4. Accelerated bridge construction
considerations

Over the past several years, CDOT has adopted the use of Accelerated Bridge Construction (ABC)
technologies on a select basis for projects throughout the state. The basis for the use of ABC was primarily
driven by the general guidelines referenced in the Federal Highway Administration’s (FHWA) Decision-
Making Framework for Prefabricated Bridge Elements and Systems document and the CDOT project team
requirements.

In December 2012, CDOT'’s Project Development Branch issued their Accelerated Bridge Construction
Design Bulletin, which provides general guidance for the implementation of ABC techniques on projects that
contain one or more bridges. This document supports CDOT’s commitment to ABC by acknowledging
FHWA's Every Day Count initiatives, reducing maintenance of traffic (MOT), encouraging innovation and
increasing safety to the travelling public and construction workers.

In general, the design bulletin includes several documents and outlines a two-phased approach to assist the
project team with the determination of implementing ABC on their projects. The first phase is completed at
the pre-scoping project stage incorporating average daily traffic (ADT) and other site constraints into the
initial evaluation while a more in-depth evaluation is performed using FHWA'’s Analytic Hierarchy Process
(AHP) software during the second phase. Note this second phase should include input from the specialty
groups, project team, and Staff Bridge and occur before the field inspection review (FIR) design is complete.
Refer to Appendix E for additional information.
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4.1. Implementation

The North 1-25 corridor offers numerous opportunities for implementing ABC technologies, ranging from the
use of prefabricated bridge elements (i.e. precast girders, deck panels, pier caps) to the accelerated
placement of bridge superstructure systems using slide-in or self-propelled modular transports. The costs
associated with implementing these technologies are a function of its constructability and the resulting
improvements in traffic impacts at the project site. See Figure 4.1 for a listing of typical ABC technologies.

Figure 4.1 Potential ABC technologies or methods
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ABC technologies for the structures along the I-25 North corridor should be evaluated on a project-by-project
basis considering:

Average daily traffic (ADT)
Delay/detour time

Bridge importance

User costs

Economy of scale

Safety

Railroad impacts

Site conditions

Note that these project constraints can vary for the structures along the 1-25 North corridor and the decision
to recommend ABC on these projects may originate from the CDOT's Accelerated Bridge Construction
Design Bulletin, yet the final recommendation will most likely be based upon CDOT's I-25 North Program
Management approach and the available financing opportunities.

In preparation for advanced construction packages and/or potential alternative delivery opportunities for the
structures along this corridor, this report has identified baseline ABC criteria and components that should be
evaluated within the development of the project site-specific structure type selection reports (see Table 4.1).
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These features should be considered on a project basis to confirm the applicability to the site-specific

structure selection requirements.

Table 4.1 Baseline ABC criteria and components for evaluation

Criteria/Component

Comment

1-25 North User Cost

CDOT has historically used lane rental fees to help establish user
costs along 1-25 North corridor. All projects within this corridor shall
consider an average user cost of $ x,xxx per day to help identify if
ABC is a viable alternative.

National Certified Corrosion
Expert

A corrosion engineering consulting firm with expertise in the
prevention of corrosion for civil engineering structures shall be
required to review the integrity of the proposed connection details for
a 75 year design life. The results of this evaluation shall be
submitted to CDOT in determining the acceptability of the proposed
connection details.

75-year Design Life

All bridge designs shall satisfy CDOT Staff Bridge protocol to
provide 75-year design lives.

Full-depth Precast Deck
Panels

CDOT Staff Bridge has recently developed bridge worksheets that
specify design requirements and provide recommended details for
plan implementation.

Precast Bridge Rail

Insufficient data that support AASHTO’s LRFD TL-4 and 5
testing/design loading requirements should discourage the use of
these components.

Field Welded Elements

In general, the field welding activities is discouraged; however, weld
plates can be used only as temporary supports during erection and
shall not be placed in a pre-stressed load path or prevent elements
from seating properly.

This list represents only a fraction of the available ABC opportunities. Additional project-site innovation
and/or ABC implementation is encouraged, as applicable, subject to final approval of the CDOT Region 4

Staff Bridge Design Unit Leader.

Accelerated Bridge
Construction Considerations
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5. Structures design criteria

This section provides the design criteria to be adhered to when analyzing and designing structures along the
I-25 corridor.

5.1. Design specifications
The following resources shall be used and adhered to for the design of structures:

e American Association of State Highway and Transportation Officials (AASHTO) AASHTO LRFD Bridge
Design Specifications 6" Edition 2012.

e CDOT Bridge Design Manual July 2012 Edition with current revisions and technical memorandums

e CDOT Computer Aided Design and Drafting Manual 2005 Edition using the recently implemented
standards for the Bentley Suite and the CDOT Bridge Detail Manual June 2012 Edition with current
revisions

e CDOT Bridge Rating Manual 1995 with current revisions

5.2. Design method

All bridges, retaining walls, and structures other than the cast-in-place concrete box culvert designs that are
in CDOT M&S Standards M-601-1, 2, and 3 shall be designed for applicable strength, service and extreme
event limit states as defined by the load groups in the LRFD specifications. Culverts that don’t conform to
the CDOT standards, the culvert will be designed using the LRFD specifications.

5.3. Rating method

All bridges and box culverts with total spans greater than 20 feet shall be rated for applicable strength and
service limit states as defined by the load groups in the LRFD specifications.

5.4. Design loads

The following loads shall be accounted for in the analysis and design of structures.

Permanent loads (DC, DW, EH, EV, ES, CR, SH)

Unit weight of reinforced concrete 150 Ibs per cubic foot (pcf)
Unit weight of prestressed concrete 155 pcf
Unit weight of wearing surface (3 inch) 144 pcf
Unit weight of Structure Backfill (Class 1) 125 pcf
Unit weight of Structure Backfill (Class 2) 125 pcf

Horizontal earth loads (EH, ES)

Active Earth Pressure Coefficient Ka 0.2827 for Structure Backfill (Class 1 and 2)*
At-Rest Earth Pressure Coefficient Ko 0.4408 for Structure Backfill (Class 1 and 2)*
*Assuming a 34° friction angle

In-situ soils determined in site-specific reports

Live loads on bridge

HL-93 (Design Truck or Tandem with Design Lane Load)

Colorado Permit Vehicle

Live Load Deflection Criteria = L/800 on structures without pedestrians
= L/1000 on structures with pedestrians

Bridge rail
Bridge Rail Type 10M 600 Ibs per linear foot (Ib/LF) for two rails
Bridge Rail Type 7 1000 Ib/LF for two rails
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Fencing
To be determined in site-specific reports.

Thermal forces (TU, TG, FR)

Thermal Coefficient 0.0000006/°F Concrete, 0.0000065/°F Steel
Temperature Range Concrete 105 °F, 45 °F Rise and 60 °F Fall
Temperature Range Steel 120 °F, 50 °F Rise and 70 °F Fall

Note: The temperature rise is for erection on a 30 °F day and the temperature drop is for erection on a 90 °F
day.

Crep and shrinkage (CR, SH 3, FR)
In accordance with AASHTO LRFD Bridge Design Specifications.

Seismic parameters
To be determined in site-specific reports.

Vehicle collision

All columns for bridges over roadway features shall be designed to resist vehicular collision. Retaining wall
and bridge abutments with any element existing within the clear zone of the adjacent roadway shall be
designed to resist vehicular collision.

5.5. Materials

The materials presented below shall be the standard materials for structures along the corridor unless
specifically approved by CDOT.

Precast Prestressed Concrete Class S, f'c = 8500 Ibs per square inch (psi) (max)
6500 psi (min)

CIP Reinforced Concrete Class D, f'c = 4500 psi

Post-Tensioned Concrete Class S35, f'c = 5000 psi

Reinforcing Steel ASTM A-615, Grade 60

Drilled Caissons Class Bz, f'c = 4000 psi

Prestressing Strand AASHTO M 203M or M203, 270 ksi

Structural Steel AASHTO M270 Grade 50 (ASTM A-572)

5.6. Safety specifications

Designers shall identify all safety critical work via the CDOT Project Special Provision: Revision of Section
107 Performance of Safety Critical Work at each project milestone, including FIR and final office review
(FOR) submittals.

5.7. Life cycle cost analysis
Text TBD.
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6. Common bridge maintenance items

For bridges and structures some details and specifications can be standardized throughout the North 1-25
corridor to simplify the construction and maintenance. The following items will be standards along the
corridor and shall be required where applicable. These standard details and specifications can be found in
Appendix B.

6.1. Bridge deck drains

In general, the design for bridge deck drainage should be in accordance with chapter 16 of the CDOT BDM
with the following additions:

e Bridge drains are to be sized using a design storm intensity, i = 4 inches per hour, which represents a
viable upper limit from a driver's safety perspective.

e Deck drains through the bridge deck should be avoided as much as practical from a design perspective.
Approach slab inlet drains have proven effective and require little maintenance (see Appendix B).
Approach slab inlets should be located on the low approach slab end prior to the approach slab
expansion joint.

e Deck drainage and/or bridge scuppers, when required by design, should incorporate the following
maintenance considerations:

- CDOT Region 4 maintenance prefers a closed-system in lieu of the open trench system. This
preference is driven by the Vactor truck equipment now available for cleaning “stormceptors” and
bridge deck drainage piping systems.

- Design the slope on bridge deck drain pans and drain lines to be self-flushing for sediments. This
should avoid observed clogging problems with commercially available products. Custom designed
drain pans may be required.

6.2. Bridge approach drains

Approach drains will be used to capture roadway flows prior to crossing bridge expansion joints to minimize
the corrosion potential associated with water leaking through the joints. These drains consist of cast iron
vane grates and concrete inlet boxes cast into the approach slab. The movement interface between the inlet
box and the surrounding fill is accommodated with low-density, polystyrene around the exterior perimeter of
the inlet box. The movement interface between the vertical rigid pipe outfall and the pipe embedded in the
fill is handled by oversizing the embedded pipe as required to accommodate the movements. See Appendix
B for bridge approach drains details.

6.3. Bridge rail — duplex coating

The Type 10M bridge railing will be both galvanized and painted to provide a double layer of corrosion
protection. Paint color can vary to fit unique aesthetic requirements of each site if required. CDOT Region 4
Staff Bridge has developed a project special specification covering the technical requirements of painting
after galvanizing. See Appendix B for bridge rail — duplex coating details.

6.4. Fencing

For structures over I-25, snow fencing will consist of tight mesh chain link fence. The fence mesh shall be
powder coated black. A special 68-inch high fence compatible for use in combination with the Type 10M
bridge railing will be developed. For railroad crossings, in accordance with Region 4 maintenance
preferences for Type 10M bridge rail, a tight mesh chain link fence will be used with a total height of 120
inches in conjunction with a Type 10M bridge railing. The fence posts are mounted to the back of the W8x18
bridge rail posts. The fence mesh shall be powder coated black. See Appendix B for fencing details.
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6.5. Anti-icing systems

Specific site conditions that might make good candidates for a anti-icing system include severe roadway
geometrics or perhaps creek crossings where bridge decks freeze more quickly than the approach
roadways. In general, these systems are expensive and therefore require a specific trigger, such as a
documented accident history due to ice, to justify the $500,000 initial expense to install the system on a
typical bridge structure.

6.6. Bridge deck durability

Bridge deck longevity is of paramount importance to the region. Decks with waterproofing membranes and
asphalt overlays have exhibited superior performance system-wide; therefore, all bridges shall be provided
with waterproofing membranes and asphalt overlays, including I-25 mainline structures. This will result in
asphalt “islands” within the proposed concrete pavement typical section throughout the corridor, but Staff
Bridge believes this will result in the lowest total maintenance burden for the region. All bridge decks shall
be designed to be replaceable without the need for future shoring that would restrict laneage of the
undercrossing roadway(s).

6.7. Expansion joints

Expansion joints shall be placed at the ends of the approach slabs for integral bridges. Expansion joint
devices shall typically be of the armored variety that use elastomeric glands within machined steel headers.
The elastomeric glands can be easily replaced in the future when needed. It is anticipated that single-gland
joints with 0- to 4-inch movement capacity will work at most locations within the corridor and are the
preferred joint type.

6.8. Bearings

The use of bearings will be minimized by integral structural connections between superstructure and
substructure. Where bearings are required, Type | elastomeric bearing devices are preferred over Type Il
elastomeric bearing devices. Type Ill bearing devices (pot or disc) shall not be used without CDOT Staff
Bridge approval.

6.9. Access hatches

Closed girder sections will use soffit access hatches to allow for inspection of the interior of the bridge
girders where tub or box girders have an inside depth of 5 feet 0 inch or greater. Access hatches shall be
positioned strategically for easy access from the ground via extension ladders. Holes for egress through
interior pier diaphragms are preferred to minimize the number of access hatches required. Access hatches
shall consist of aluminum doors hinged to open into the girder void space. Minimum opening size shall be 2
feet 0 inch by 3 feet 0 inch. Galvanized steel framing and hardware shall be used. A ladder hanger bar shall
be provided to ensure safety for inspectors. A recessed padlock shall be provided.

6.10. Under-bridge lighting

Under-bridge lighting will only be required on structures crossing over railways in accordance with typical
railway preferences and guidelines. The need for under-bridge lighting beneath overcrossings and within
interchange areas shall be assessed individually for each respective site, taking into account the potential
benefits of providing such lighting versus the feasibility of providing the lighting. Lighting fixtures shall
preferably be attached to bridge substructures rather than bridge superstructures.

6.11. Electrical conduit in bridge rails

It is the policy of CDOT Region 4 to provide one 2-inch diameter rigid metal conduits in all bridge rails on the
tension side of the curb as a contingency for future installation of electrical or communication utilities.

6.12. Sidewalk curbs and treatments

Sidewalks on bridges shall receive a final transverse broom finish and shall have an applied coating of
concrete sealer. The minimum curb height above the roadway surface will be 6 inches.
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6.13.

Common Bridge
Maintenance ltems

Barrier separations for pedestrians

Follow CDOT BDM regarding barrier separation for design speeds greater than 45 miles per hour (mph). A

Type 7 barrier shall be used.

6.14.

Stain versus coating

CDOT Region 4 prefers concrete stain without anti-graffiti coating over concrete coatings. Structures shall be
treated with structural concrete stain of the appropriate color(s) in accordance with CDOT Standard

Specification 601.

6.15. Color theme

A two-tone color scheme consisting of light and dark earth tones in combination with a third, contrasting
accent color will be used to give the corridor an identity. Specific colors will be determined as the project

develops.
Table 6.1 Base standard color palette
Item Color

Abutments and wingwalls

Beige concrete stain to match federal color # 22648

Piers

Beige concrete stain to match federal color # 22648

Slope paving

Light brown concrete stain to match federal color # 20252

Retaining walls — concrete block

Beige concrete stain to match federal color # 22648

Retaining walls — concrete

Beige concrete stain to match federal color # 22648

Retaining walls — MSE

Beige concrete stain to match federal color # 22648

Retaining walls — dry stack rock

Beige neutral tone palette

Girders

Burgundy concrete stain match federal color # 20252

Steel pedestrian bridge

Dark tan paint to match federal color # 30324

Bridge rail — concrete

Beige concrete stain to match federal color # 22648

Bridge rail — steel — type 10M

Galvanized steel with duplex coating to match federal color #XXXX

Where concrete stain is not used, a Class 1 concrete finish is recommended to be used.
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Appendix C

General Layout, Typical Section, and Phasing
for Proposed Bridges

IM 0253-242 (20575) Crossroads Bridge Replacement





