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I - EXECUTIVE SUMMARY 
 

The Florida East Coast Railroad (FECRR) traverses through Miami-Dade, Broward and Palm Beach Counties 

and is generally parallel to Dixie Highway and US-1.  Currently, in the tri-county area, the FECRR is used 

exclusively for freight movement.  As redevelopment and infill in the older eastern communities of South 

Florida has been encouraged, discussion of returning passenger service to the FECRR has emerged.   

 

The study area follows the FECRR right-of-way from approximately West Flagler Street in downtown Miami 

via the downtown lead track to Indiantown Road in Jupiter.  The FECRR currently operates on a single 

mainline track with controlled passing sidings. The project has advanced through numerous stages and 

milestones and is currently at beginning development of the Recommended Preferred Alternative that will 

lead toward a public hearing and subsequent filing of an FTA New Starts application.   
 

The objective of this concept report is to discuss issues related to the existing bridges and new structures to 

accommodate transit generally following the existing FECRR alignment. A four track configuration using 

both FRA and Non-FRA Compliant vehicles was used as the basis of the report’s evaluation. The four track 

configuration was the preferred alternative when this report was originally prepared. Subsequently, the 

latest draft of the Alternative Analysis Report dated June 2010, recommended the following four remaining 

alternatives to the decision making bodies as follows: 

 

Integrated Rail – DMU Alternative 
The proposed track configuration consists of a 2-Track Shared Option between the Pompano Transfer and 

the northern terminus at Indiantown Road, where one new ballasted mainline track is required adjacent to 

the existing FECRR mainline track. Between Pompano Transfer and Sunrise Blvd a 4-Track Shared Option is 

required where three new ballasted mainline tracks is required adjacent to the existing FECRR mainline 

track. Southward from Sunrise Blvd to the Government Center in Miami, a 3-Track Shared Option is required 

where two new ballasted mainline tracks is required adjacent to the existing FEC mainline track. The 

existing FECRR mainline track would remain in place, although some realignment may be required to 

accommodate the proposed maximum allowable speed (MAS).  

  

Integrated Rail – Push-Pull Alternative 
This alternative is similar in nearly all respects to the ‘Integrated Rail – DMU’ Alternative, except that all rail 

service under this option is operated exclusively by push-pull equipment, where the Flagler Flyer and FEC 
Local services use DMU equipment in the previous alternative. Other service characteristics, such as 

headways, stations, and service routes, are identical. 

 

Bus Rapid Transit Alternative 
This alternative was designed to provide BRT service on the FEC rail line for the full length of the study 

corridor 

 

Transportation System Management (TSM) Alternative 
The TSM is by definition the best performance that can be achieved by the existing highway and transit 

network without major capital investment. It is used as a comparison for evaluating the rail and BRT 

alternatives that do require major investment.  

 

The next step in the AA process will involve public hearings to be held throughout the corridor in September 

2010 to obtain final public comments before an LPA is selected in October/November 2010 by the three 

Metropolitan Planning Organizations, South Florida Regional Transportation Authority and Broward County 

Board of County Commissioners 

 

Structure alternative plans for several key bridge crossings (New River; Dania Cut-Off Canal; Hillsboro 

Canal) have also been developed to support this document.  
 

Based on the concept analyses performed, a summary of the key issues and recommendations are: 
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(1) There are four groupings of structures within the study limits consisting of [1] existing FECRR bridges; [2] 

new transit structures; [3] existing highway overpasses; and [4] new grade separation bridges. 

(2) Bridge lengths and superstructure design for new structures will be a function of the selected transit 

mode and whether they support mixed use (FRA compliant) carrying transit and freight or dedicated 

transit-only (non-FRA compliant).  A third condition would see the new bridges designed for highway 

loadings to accommodate a dedicated busway. 

(3) The canal crossings at New River, Dania and Hillsboro are dedicated to transit loading only where the 

FEC would continue to use their existing bridges. The reason for this restriction is based on the FEC 

requirement that the entire train consist must be on the vertical crest without introducing the dynamics 

associated with a portion of the train being on both the descending and ascending grades. This 

would require almost a 2-mile elevated segment and therefore was considered not feasible in terms 

of costs, although this issue should be revisited during the next phase. 

(4) Consider three options for a new structure crossing at the New River consisting of either [1] a high 

level, fixed bridge with a vertical clearance of 65’ above high water; [2] a mid-level, moveable bridge 

with a vertical clearance of 45’ above high water; or [3] a tunnel under the river. 

(5) The Dania and Hillsboro canals are navigable rivers in which the Coast Guard had requested 13.5 ft 

vertical clearance for new structures east of I-95. 

(6) Although constructible, the most economical tunnel option under the New River is substantially higher 

in cost than a bridge alternative [$329M v. $107M]. 

(7) Preliminary design of basic structures carrying new transit loading should emphasize simple span 

construction and uniform span lengths (as much as practical) to limit thermal forces in the continuous 

welded rail and control rail break design loads.  

(8) Viable superstructure types for the basic transit structures include prestressed concrete I-girders, 

prestressed concrete U-beams, and steel I-girders. 

(9) The 16 existing structures carrying FEC rail traffic are in various states of age, condition, and type.  

Recommendation for these structures is a combination of rehabilitation and full replacement.  Only 

four (4) of the existing bridges could be considered as candidates for potential widening. 

(10) The proposed 4-Track Shared Option conflicts with piers on three (3) of the existing highway overpass 

structures.  Further adjustments to the proposed alignment should be considered to preserve all of the 

existing overpass bridges.  Crashwalls will also need to be added to piers on several of the structures. 

However, the Integrated Network Alternative, where north of the Pompano Transfer would be a two  

track shared configuration minimizes the impact to any piers. 

(11) Total structure costs for three alternatives range as follows: 

Alternative 1 (FRA Compliant): $424M - $445M 

Alternative 2 (FRA Non Compliant): $197M - $217M 

Alternative 3 (Busway): 

 $186M - $207M 
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II - PROJECT DESCRIPTION 
 

Existing conditions.  There are a total 

of 30 bridges within the study corridor: 

• 16 owned and maintained by 

the FECRR carrying freight 

• 14 overpass structures 

 

With several exceptions, the rail 

bridges are generally open decks 

supported by steel beam/girder 

framing and founded on concrete 

pile bents.  Constructed between 

1927 and 2003, all of the structures are 

low-level crossings.  The bridge over 

the New River is a single-leaf bascule.  

Relevant details for all existing 

structures are presented in Table 1. 
 

 The overpass bridges are a mix of 

steel, prestressed concrete, and 

segmental multi-span structures 

constructed between 1939 and 2002.  

Table 2 provides relevant details of the 

overpass structures. 

 

Proposed Conditions.  A tiered 

approach was taken to defining the 

alternatives under consideration in 

Phase 2 of the AA study. The study 

team identified and evaluated a 

number of different modal 

technologies as presented in the 

matrix table along with their maximum 

rates of climb to test what service 

parameters and combinations of 

service attributes would be most 

effective in attracting transit riders. 

Several different mainline track 

configurations were evaluated as part 

of the AA Screening process using 

both FRA Compliant and FRA Non-

Compliant type vehicles.  

 

Transit Mode
Max. Rate of 

Climb
Urban Mobility Non-FRA Compliant LRT Vehicles 6%

Local & Express Cummuter Rail FRA Compliant Diesel 

Multiple Units (DMU)
6%

Electrified multiple unit commuter rail 2%-3%

Integrated Network   DMU & Push Pull
6% (DMU)       

2% (Push Pull)

Electrified locomotive and coach commuter rail 2%-3%

Conventional Commuter Rail  locomotive and coach 2%

Metrorail Electrified rapid transit (Heavy Rail) 6%

Bus rapid transit 8%

Push-Pull diesel locomotive freight (reference only) 1%
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The conceptual track layouts involved several alternatives representing a 4-Track Shared Option, 3-Track 

Shared Option ,2-Track Shared Option or a combination there of.For the BRT Option, a busway would be 

constructed along the entire corridor adjacent to the existing FEC mainline track. The following analysis was 

based on the 4-Track Shared Option, which would require the construction of three new tracks adjacent to 

the existing FEC mainline track. The exact arrangement of these tracks in reference to the existing FEC 

tracks will vary from segment to segment along the corridor. . In using FRA Compliant vehicles such as DMU 

or Locomotive push-pull, the SFECC service would share the same tracks as the FEC freight service where 

the tracks are set at 15-ft track centers, which is in accordance with industry standards. Current FEC track 

centers vary between 13.5 and 14.0 feet. For Non-FRA Compliant vehicles such as the LRT alternative, the 

SFECC service would operate on dedicated tracks and not share the same tracks as the FEC in which both 

services would be separated using 18-ft track centers. 

For each of the canal crossings two options were evaluated concerning the number of tracks to be 

included on the structures. One option would consist of a new two track bridge with the existing FEC Bridge 

remaining in place. The other option would include a new four track bridge, which would require removal 

of the existing FEC Bridge. All roadway grade separations were evaluated as a new two track bridge while 

the FEC would continue to cross the existing roadway at grade. 

The selected transit mode will be combined with the existing freight rails in one of the following alternatives: 

Alternative 1 - FRA Compliant.  Transit vehicles will share tracks with freight.  Under this condition it is 

assumed that any of the existing or proposed bridges would sustain either transit vehicle loadings or 

Cooper E-80 loadings. 

Alternative 2 - Non-FRA Compliant.  Transit vehicles will run on a dedicated set of tracks and will not mix 

use with freight traffic.  Under this condition it is assumed that any new bridges would need to be 

designed only to support transit live loading.  However, since the FECRR will need to cross the SFECC 

tracks when servicing industrial sidings, further discussions with the FECRR is required to determine 

whether they would need to also use the SFECC bridges as part of their switching moves. Existing 

bridges would continue to carry freight traffic only. 

Alternative 3 - Dedicated Busway.  Transit vehicles would consist of rubber tired buses – no additional 

rail vehicles or tracks. 

Each of these will have an effect on the structure selections and configurations as the project design 

advances, specifically in profile grades (which will determine bridge length) and live load magnitude 

(which will drive superstructure depth and girder designs).  For Alternatives (1) and (2), the design scope 

can include either placement of additional tracks adjacent to the existing or a complete track re-

alignment which furnishes additional tracks in conjunction with re-alignment of the existing freight tracks. 
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Table 1 – Existing Bridges Carrying FEC Rail Traffic 
 

Location 

Crossing 
Year 
Built 

Total 
Bridge 
Lgth 

No. of 
Spans 

Deck Superstructure Substructure 
County 

Mile  
Post 

Palm Beach 291.86 Earman River 1979 175’-0” 7 Open, Wood Ties 
Steel Wide Flange 

Beams 

Concrete Pile 

Bents 

Palm Beach 304.05 Canal C-51 1984 200’-0” 11 Open, Wood Ties 
Steel Wide Flange 

Beams 
Concrete Pile 

Bents 

Palm Beach 311.45 
Boynton Beach 

Canal (C-16) 
1963 142’-0” 12 Open, Wood Ties 

Steel Wide Flange 

Beams 
Concrete Pile 

Bents 

Palm Beach 319.55 Canal C-15 1962 171’-0” 6 Ballast, Wood Ties 
Precast Concrete 

Slabs 

Concrete Pile 

Bents 
Palm Beach 

Broward 326.58 Hillsboro River 1982 205’-8” 8 Open, Wood Ties 
Steel Wide Flange 

Beams 

Concrete Pile 

Bents 

Broward 334.93 
Cypress Creek 

Canal 
1960 148’-6” 5 

Ballast, Concrete 

Ties 

Precast Concrete 

Slabs 

Concrete Pile 

Bents 

Broward 337.91 
North Fork of 

Middle River 
1957 204’-0” 17 Open, Wood Ties 

Steel Wide Flange 

Beams 

Timber Pile 

Bents 

Broward 338.52 
South Fork of 

Middle River 
1959 192’-0” 16 Open, Wood Ties 

Steel Wide Flange 

Beams 

Timber Pile 

Bents 

Broward 341.26 New River 1977 216’-0” 7 Open, Wood Ties 
Steel Plate Girder 

Lift Bridge 

Piers and 

Concrete Pile 

Bents 

Broward 342.00 Tarpon River 1947 36’-0” 3 Open, Wood Ties 
Steel Wide Flange 

Beams 

Timber Pile 

Bents 

Broward 345.41 
Dania Cut-Off 

Canal 
1927 76’-0” 1 Open, Wood Ties 

Steel Plate Thru 

Girder 

Concrete 

Abutments 
Miami 

Dade 353.74 Oleta River 1963 82’-0” 7 Open, Wood Ties 
Steel Wide Flange 

Beams 

Timber Pile 

Bents 

Miami 

Dade 
354.51 

Royal Glades 

Canal 
1956 160’-0” 7 

Ballast, Concrete 

Ties 

Precast Concrete 

Slabs 

Concrete Pile 

Bents 

Miami 

Dade 
356.53 Arch Creek 1930 50’-0” 1 Open, Wood Ties 

Steel Wide Flange 

Beams 

Concrete 

Abutments 

Miami 

Dade 
358.78 

Biscayne Park 

Canal 
1981 134’-0” 7 Open, Concrete Ties 

Steel Wide Flange 

Beams 

Concrete Pile 

Bents 

Miami 

Dade 
360.27 Little River 2003 120’-0” 6 Ballast, Wood Ties 

Precast Concrete 

Slabs 

Concrete Pile 

Bents 
 

Table 2 – Existing Bridges Over FEC Rail Tracks 
 

Bridge 
County 

Year  
Built 

Length 
No. of 
Spans 

Superstructure Substructure 
Horiz. 
Clear. 

Vert. 
Clear. Description No. 

SW Ramp Over 

FECRR 
930493 

Palm 

Beach 
N/A 657’-0” 3 Steel Box Girder 

Single column 

flared piers 
57’-6” 23.58’ 

PGA Blvd. over 

FECRR 

930491 
Palm 

Beach 
N/A 411’-1” 3 Florida U Beam 

Multi column piers 

on pile foundations 
53’-8” 25.33’ 

930492 
Palm 

Beach 
N/A 411’-1” 3 Florida U Beam 

Multi column piers 

on pile foundations 
53’-8“ 25.33’ 

12
th

 St over 

FECRR 
937709 

Palm 

Beach 
1965 980’-0” 22 

Prestressed 

sono-void units 

& AASHTO 

girders 

R/Conc caps w/ 

R/Conc columns 
N/A 23.74’ 

Pedestrian Bridge 

Over FECRR 
000000 

Palm 

Beach 
---- ----- 3 Through - Truss --------- 48’-6” --- 

SR 80 over FECRR 930053 
Palm 

Beach 
1939 1171’-6” 37 

R/Conc beams 

and AASHTO 

R/Conc caps w/ 

R/Conc columns 
42’-0” 22.42’ 
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Bridge 
County 

Year  
Built 

Length 
No. of 
Spans 

Superstructure Substructure 
Horiz. 
Clear. 

Vert. 
Clear. Description No. 

girders 

I-595 Viaduct 

over FECRR 
860478 Broward 1987 5814’-0” 48 

Prestressed 

Concrete Girders 

Multi-column piers 

w/ r/concrete caps 
11.96’ 23.79’ 

Ramp “K” over 

FECRR 
860633 Broward 2002 402’-3” 3 

Single cell 

concrete 

segmental box 

Single column 

flared piers 
26.63’ 26.88’ 

Ramp “A” over 

FECRR 
860631 Broward 2002 805’-9” 5 

Twin concrete 

segmental box 

girders 

Staggered single 

column flared piers 
26.75’ 25.16’ 

Ramp “D” over 

FECRR 
860434 Broward 1987 374’-3” 3 

Single cell 

concrete 

segmental box 

Single column 

flared piers 
23.20’ 23.51’ 

Ramp “C” over 

FECRR 
860632 Broward 2002 1103’-6” 8 

Single cell 

concrete 

segmental box 

Single column 

flared piers 
26.22’ 23.8’ 

NE 203
rd

 St over 

FECRR 
870954 

Miami 

Dade 
2001 N/A 5 

Steel Plate 

Girder 

R/Conc caps on two 

R/Conc columns 
44.67’ 24.31’ 

I-195 over FECRR 870313 
Miami 

Dade 
1961 1393’-5” 20 

Prestressed 

Concrete Girders 

Multi-column piers 

w/ R/Conc caps 
18.0’ 22.70’ 

I-395 over FECRR 870575 
Miami 

Dade 
1970 N/A N/A N/A N/A N/A N/A 

 

III - DESIGN ISSUES 
Design Codes.  The design specification to 

be applied is highly dependent on the rail 

live load vehicles.  Structures carrying 

freight or a mix of FRA compliant transit 

and freight will need to be conservatively 

designed for Cooper E-80 loads as 

governed by the AREMA specifications.  

For a busway or BRT condition, structures 

would be designed for conventional HS-

truck highway loading and be governed 

by AASHTO / FDOT specifications.  More 

consideration will be required for structures 

carrying non-compliant transit only (no 

freight loading).  At present, there is no 

nationally accepted design code that specifically addresses structures carrying light rail transit.  

Accordingly, final design would need to comply with the local applicable codes such as Tri-Rail; Miami 

Dade Transit; SFECC Design Criteria as supplemented by either the AASHTO code (highway structures) or 

the AREMA code (Cooper E-80 rail structures).  Under most circumstances, preference should be given to 

the AASHTO code provisions as the design live loads closer approach that of an HS-truck than the standard 

Cooper E-80 train load as illustrated in the Moment v. Span curves. 
 

Further support for selecting AASHTO over AREMA is justified in that the wheel spacing’s and impact 

criterion assumed for freight rail does not correspond well to the suspension and drive systems found on 

typical LRV's.  In addition, the ratio of live load to dead load for transit vehicles is closer to that of traditional 

highway bridge loadings.  In summary, strict application of AREMA design provisions for all structures should 

be discouraged to avoid an overly conservative design. 
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Design Loadings.  In addition to normal dead load; transit live load; maintenance vehicles; wind and other 

transient loadings the structures will need to be designed to resist the following: 

• Vertical and transverse horizontal impact 

• Centrifugal force 

• Rolling force 

• Longitudinal forces from braking and tractive effort 

• Derailment force 

• Rail break force (CWR) 

 

Rail-Structure Interaction.  Use of continuous welded rail (CWR) attached to a bridge via direct fixation 

fasteners forms a structural system.  The components of this indeterminate system include the rails, elastic 

rail fasteners, the superstructure, bearings, and elastic substructure. 
 

Movement of the bridge superstructure is restrained by the essentially fixed (or stationary) rails which lead 

to thermal induced forces on the rails, fasteners, and superstructure.  Temperature increases cause 

compressive forces that try to buckle the rail.  Conversely, temperature decreases set up tensile forces that 

can lead to a rail break.  Design must address the following conditions: 

(1) Control stresses in the rail due to differential movements between the rail and connecting 

superstructure 

(2) Control rail break gaps and resulting loads on the superstructure 

(3) Transfer of superstructure loads into the piers and foundations 

Mechanisms available to manage and control these interaction forces include bearing type and 

arrangement; use of uniform span lengths; and different rail fasteners such as zero longitudinal restraint and 

high-restraint or “rigid” rail clips.  Avoiding termination of CWR directly on the bridge or its approaches is 

also critical. 
 

Vibration.  Control of flexural vibration was set to comply with criteria which limit the natural frequency of 

the main longitudinal girders to not less than 2.5 cycles per second as determined by the following 

equation for a simply supported beam: 

In general, the natural frequency decreases as the span length increases.  The natural frequency can be 

enlarged by increasing the stiffness; reducing the mass (weight); reducing span length. 

 

When the minimum frequency requirement is violated, a resonance condition is a possibility.  While vertical 

acceleration in the vehicle may remain within acceptable limits, the dynamic response of the structure 

vibrating at a frequency close to the natural frequency may need to be evaluated further with more 

rigorous analyses as the total dynamic effect may not be accurately predicted using typical live load 

impact equations. 

 

Span Configurations.  For all of the transit structures, maintaining uniform (equal) span lengths as much as 

practical is crucial in controlling thermal forces induced in the continuous welded rail (CWR) when 

connected to the structure via direct fixation fasteners.  Furthermore, multiple single spans are favored over 

continuous units as it gives the structure more opportunity to relieve some of the built-up stresses in the 

CWR.  Note also that there is no improvement of the natural frequency by introducing continuity to a span 
set of equal (or nearly equal) span lengths. 

 

Where: f = natural frequency in cycles / second 

  L = beam span length 

  E = beam modulus of elasticity 
  I = beam moment of inertia 

  m = beam mass per unit length 
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Subsurface Conditions.  Subsurface conditions along the alignment will vary. However, typically they consist 
of an over lying strata of sand near the surface that often has a layer of peat or other organics over or 

under the sand. Both the sand and the organic layers can vary from several feet to tens of feet at specific 

bridge locations.  The upper sand is underlain by rock formations typically consisting of limestone or 

cemented sandstone.  The rock strata can exhibit high strength but are generally weak with voids and 

sand filled cavities. The extent of the voids and filled cavities can be extensive and, typically, the 

subsurface conditions can be characterized as alternating layers of sand and rock. 

 

Fatigue Loading. The issue of fatigue loading would be addressed in final design and not at this conceptual 

level of design 

 

Emergency and Maintenance Walkways. Structures will need to incorporate a walk surface for passengers 

to evacuate a train at any point along the alignment to proceed to the nearest station or other point of 

safety.  Layout and design of walkways will be in accordance with NFPA Standard 130 “Fixed Guideway 

Transit Systems”. At this level of design, the costs for the walkways would be covered in our contingencies 

and then further refined during the next phase to account for additional structure width to accommodate 

walkways 

 

IV - ANALYSIS METHODOLOGY 
 
Coarse superstructure analyses were performed for various span lengths based on a typical section 

consisting of a 33’-0” wide deck, carrying two tracks at 15-ft track centers, and supported by discrete girder 

lines. 

 

Live Load.  As noted in Section II, a wide array of potential transit modes remains under consideration.  Live 

load weight and axle configuration have a significant effect on any concept analysis results.  The issue is 

further complicated for compliant transit alternatives that result in tracks (and structures) which will be 

shared by both transit and freight requiring design to accommodate the maximum Cooper E-80 train loads 

defined in the AREMA specifications.  To avoid potentially over-conservative results, concept analyses used 

to establish structure depths and alternatives were not based on supporting the Cooper E-80 configuration. 

In using the 4-Track Shared Option, it was assumed that FRA Non-Compliant Transit vehicles will operate on 

a dedicated set of tracks and not mix with freight traffic.  Cost estimates, however, for shared track 

alternatives did use higher composite unit costs for both bridges and retaining walls to reflect the increases 

anticipated due to the significantly heavier live loading. 

 

The following vehicles were "screened" to determine the best selection for live loading in the analyses: 

Vehicle Name Description 

1 MIC Heavy Rail 2, 4, 6 or 8 car consist 

2 NJ Transit LRV 1, 2, or 3 car consist 

3 Phoenix Sky Train 2 car consist 

4 Dallas DART Standard Train Maximum of two-4 car consists 

5 Dallas DART Maintenance Vehicle 1 locomotive + 4 ballast cars 

 

Moment and shear calibration testing was performed on Vehicles 1, 2, and 4.  Vehicle 3 was eliminated 

since it is a rubber tire vehicle.  Vehicle 5 was eliminated since it was a special load.  Moment and shear 

responses from Vehicles 2 and 4 were very similar.  The MIC Heavy Rail (Vehicle 1) produced moments 

approximately 10% less than Vehicle 4.  Based on this calibration testing the Dallas DART Standard Train 

(Vehicle 4) was selected for the superstructure analyses. 
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DART Standard Train 

Beam analyses using ConSpan (prestressed concrete structures) and BSDI-LGS (steel structures) were 

performed for the following girder sizes to determine the maximum allowable span length for a simple span 

configuration. 

 

Prestresse
d Conc. 

Typ
e 

Dept
h 

 

AASHTO  

I-Girder 

Type 

II 

36” 

AASHTO  

I-Girder 

Type 

III 

45” 

AASHTO  

I-Girder 

Type 

IV 
54” 

AASHTO  

I-Girder 

Type 

V 
63” 

AASHTO  

I-Girder 

Type 

VI 
72” 

 

 

 

Prestresse
d Conc. 

Typ
e 

Dept
h 

 

Florida 

U-Beam 
FUB 48” 

Florida 

U-Beam 
FUB 54” 

Florida 

U-Beam 
FUB 63” 

Florida 

U-Beam 
FUB 72” 
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Structural 
Steel 

Type Depth 

4 – Beam Typical Section Similar to AASHTO I-Girder 
Plate Grdr “I” 48” 

Plate Grdr “I” 54” 

Plate Grdr “I” 60” 

Plate Grdr “I” 66” 

The analyses for prestressed I-girders were carried out using AASHTO sections for ease in running the 

Conspan software program.  As the project design advances, use of the recently FDOT approved Florida I-

beam (FIB’s) sections should be considered.  With a wider bottom flange, the “FIB” sections permit more 

strands for improved design efficiency and are more stable during construction. 

 

Calculations were also developed to determine the maximum span length for each girder type/depth that 

still met the allowable natural frequency requirements.  Results of the beam analyses and natural 

frequency calculations were superimposed onto the following performance curves.  The curves can be 

used to establish a maximum span length for each girder type/depth for use in layout of span 

configurations. 
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 SFECC CORRIDOR STUDY – PHASE 2  TRANSIT STRUCTURES CONCEPT REPORT     

 

 

 

 12 20-Aug-10  

V - STRUCTURE ALTERNATIVES 
 
The United States Coast Guard (USCG) indicated that bridge permits will be required for construction of 

new bridges or improvements to FEC Railway bridges over three navigable waterways within the study 

area.  The New River is by far the most significant of these waterway crossings. Because these waterways 

have been designated as navigable by the USCG, new bridges would require the necessary vertical 

clearance to “meet the reasonable needs of navigation” for those particular locations as part of the 
permit conditions. Vertical clearance for new bridges over the remaining waterways need only match that 

of the existing bridges. The following represents very preliminary concepts which were developed for each 

of the navigable crossing locations for the purpose of preparing capital cost estimates and also to begin 

the dialogue with the stakeholders.  In all these concepts it was assumed that the freight railroad would 

remain operating at grade.  As the project advances in the next phase, track profiles and alignments will 

need to be revised to eliminate roadway conflicts or consideration be given to closure or realignment of 

existing roadways. 

 

 

No decisions were made in this phase as more detailed analysis, including surveys of river traffic, will be 

required to make informed decisions.  This work will be carried out in the next phase.   

 

Bridge over New River.  Two options were evaluated for carrying transit over the New River on the east side 

of the existing bridge: 

 

Option 1 - High-Level Fixed Bridge  A fixed bridge with sufficient vertical clearance to 

accommodate all navigable vessels provides no disruption to marine traffic nor transit vehicles, but 

requires longer approaches yielding more potential to impact cross streets.  The recommended 

minimum vertical clearance would be 65' or 66’ from bottom of girder to high water elevation (See 

FEC over New River – Fixed (High Level) Plan and Elevation, Sheets 1 thru 11). 

 

The conceptual structure would consist of a continuous, 3-span unit over the channel with a span 

arrangement of 140’-180’-140’.  The maximum span of 180 ft will keep the piers well outside of the 

navigational clearance zone to minimize (or eliminate) fender protection.  The flanking spans on 

either side of the channel crossing were kept less than the main span to balance moments in the 

girders for an economical design.  Steel girders with a higher stiffness/mass ratio are recommended 

for these longer spans to provide more favorable natural frequency characteristics. 

 

Spliced, prestressed bulb-tee girders with drop-in spans could be considered as an alternate to steel 

girders in this span range.  For design and transport purposes, prestressed girders of the necessary 

depth would need to be restricted to 165’ maximum length.  Keeping the same balanced span 

arrangement of 140’-180’-140’, the flank span girders would be set at 160’ with a 140’ “drop-in” 

span directly over the channel.  While a prestressed concrete girder option as described would 

have less girder lines than the steel option, it is felt the alternate would be less attractive due to 

transport, handling, and erecting the heavy field sections at 65 ft over the water. 

 

Option 2 - Mid-Level Moveable Bridge  A single leaf bascule bridge set at sufficient vertical 

clearance over the river to accommodate a majority of the marine vessels even when closed.  

Bridge openings would be necessary but infrequent to permit passage of larger (taller) vessels.  The 

concept plans depict a minimum vertical clearance of 45 ft; however, as preliminary design is 
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advanced the clearance value would need to be established based on a detailed navigational 

survey. 

 

The USCG requirement for horizontal clearance at moveable bridges is 125 ft between fenders.  

Allowing sufficient room behind the fenders for piers that accommodate the moveable 

components and equipment results in a single-leaf bascule span of 200 ft over the channel.  The 

leaf span superstructure would need to be a steel truss configuration to keep the natural frequency 

for vibration control within acceptable limits.  A double-leaf configuration would negate the need 

for a truss but does not work well with the track miters needed for the rail connections. (See FEC over 

New River – Moveable (Mid Level) Plan and Elevation, Sheets 1 thru 11). 

 

For both options, the approach spans would consist of multiple, single span units ranging from 102 ft to 120 

ft for Option 1 and 103 ft to 120 ft for Option 2.  The layout of the approach spans is governed by the 

surface street crossings.  Superstructure alternatives that could be considered would include steel I-girders; 

prestressed concrete I-girders; and prestressed concrete U-beams.  Steel box girders were eliminated from 

further evaluation because the typical section is only wide enough to accommodate two box girders 

which would classify the structure as fracture critical based on FDOT criteria.  Furthermore, the geometry of 

the cross section would force a very narrow spacing between the boxes (that violates AASHTO criteria) 

assuming a typical 3:12 taper for the trapezoidal shape.  Review of the girder performance curves 

presented in the previous section shows that steel I-girder design will be controlled by natural frequency 

requirements.  Conversely, the prestressed girder alternates (I-beam and U-beam) would be controlled by 

strength requirements. 

 

Approach 
Span 
Length 

Girder Depths 

Remark(s) Prestressed 
I-Girder 

Prestressed 
U-Beam 

Steel 
I-Girder 

80 ft 45” 48” 36” Add  ~24” to table values to get total 

superstructure depth. 

(top of rail / bot. of beam) 
107 ft 63” 63” 46” 

118 ft 72” 72” 56” 

 

A general observation is made regarding the proposed track alignment in the area of the New River.  

Based on the latest right-of-way limits provided it appears from approximately Sta 17981+00 to Sta 18014+00 

the proposed tracks fall outside the eastern edge of existing right-of-way. 

 

Tunnel under New River.  The New River Crossing lies in Broward County. The geology of Broward County 

was examined from the United States Geological Survey Report of Investigation No. 65 that was performed 

in cooperation with the Bureau of Geology. The report described the geology as the following: “The most 

common materials in Broward County to a depth of approximately 300 -400 feet are sand and limestone, 

which range in age from Pleistocene to the late Miocene. This 300 to 400 foot section is called the Biscayne 

aquifer and it contains all the fresh-water-bearing materials in Broward County. Underlying the Biscayne 

aquifer is a 500-600 foot section of marl and clay of Miocene age. Below this bed is the Floridian aquifer. 

This aquifer, composed chiefly of limestones, dolomites, and evaporates which range in age from early 

Miocene to early Eocene, extends to depths of more than 3,500 feet, and contains highly mineralized 

water. The report also includes two geological borings which were drilled within approximately 4 to 5 miles 
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of the New River Crossing. These borings revealed the following subsurface conditions: the upper 40 to 50 

feet consisted of fine to medium quartz sand,  underlain by layers of limestone and sandstone  to a depth 

of approximately 110 feet below ground surface (ground surface was 8 feet above sea level). This layer of 

limestone and sandstone is underlain by a layer of sand which included layers of limestone to the maximum 

explored depth of the boring of 212 feet.  

 

Tunnel Option 1- Cut and Cover The proposed tunnel is a structure from approximately Station 

17954+57 to approximately Station 18036+91. The Structural Alternative Plans New River Cut and 

Cover Option – Plan and Profile (Sheet No. 1) illustrates the longitudinal profile of the proposed 

tunnel. From approximately Station 17954+57 to approximately Station 17966+35 the tracks would be 

in a retained cut, from approximately Station 17966+35 to approximately Station 18025+07 tracks 

would be in a tunnel constructed with cut and cover methods and from approximately Station 

18025+07 to approximately Station 18036+91 the tracks would be in a retained cut. The Structural 

Alternative Plans New River Cut and Cover Option – Cross Section (Sheet No. 2) shows three typical 

cross sections of the proposed tunnel.  As seen from the profile and cross sections, the bottom of the 

tunnel would be at about Elevation -47.15 at the low point, approximately 49.15 feet below the 

normal groundwater elevation.  

 

The cut and cover method requires extensive support of excavation. This analysis assumes that 

sheet piles with bracing are used to support the excavation. It is expected that the excavation will 

extend through sand and limestone/sandstone layers. In order to install the sheet piles, it will be 

necessary to pre-drill the area so that piles can be driven. Once the piles are driven, the area 

adjacent to the outside of the piles will be grouted to provide resistance to lateral loading on the 

piles and to minimize groundwater infiltration during construction.   

 

Groundwater will be a significant issue during construction and throughout the life of the structure.  

During the cut and cover construction, the area of excavation will need to be dewatered and 

inflow of groundwater into the excavation will need to be controlled. It will also be important to 

control inflow of ground water to minimize settlement beneath the adjacent tracks and structures 

and to minimize instability of the soils and rock at the bottom of the excavation.  Soil and rock 

below the bottom of the excavation may need to be stabilized to minimize groundwater inflow.  

Alternatives for controlling the groundwater inflow below the bottom of the excavation include: 

pressure grouting, soil mixing and installing a concrete tremie seal.  In order to minimize infiltration 

throughout the life of the structure the tunnel joints would require waterstops and an impermeable 

membrane placed around the outside of the structure.  

 

The uplift pressure on the bottom of the tunnel will be substantial due to the depth below the 

groundwater level. The uplift pressure is typically resisted by a thick concrete base or soil anchors for 

the cut and cover section.  A sump would be required at the low point of the profile to remove 

drainage from the tunnel.   

 

Boat traffic will need to be maintained on New River during construction of the tunnel. Therefore, 

construction will need to take place in two phases with a bulkhead installed at the end of the 

excavation at the midpoint of the waterway opening through the existing bridge. Prior to the 

installation of the sheet pile for Phase I, the boat traffic will be shifted and construction of Phase I 
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can begin.  Once the Phase I section of the tunnel is constructed and backfilled, the sheet pile can 

be removed, boat traffic shifted and the sheet pile for Phase II can be installed.  Once the Phase II 

section of the tunnel is constructed and backfilled the sheet pile can be removed and normal boat 

traffic resumed.   

 

The area that is required for the proposed construction is limited by the adjacent railroad tracks and 

existing buildings. This may require installation of the support of excavation during short work periods 

as permitted by the railroad. An option to the construction described above which would reduce 

the structure width includes use of a concrete slurry wall in place of the sheet piling. The slurry wall 

would be used for support of excavation and also as the structure walls. Another less desirable 

option would be to stack the tracks in a double box. This would require construction over a longer 

length of the alignment in order to transition the tracks from side by side to a stacked configuration. 

 

 

 

Proposed Construction Sequence  

 

Phase 1 
 

1. Pre-drill line for installation of sheet piles. 

2. Install sheet pile to the mid-point of the bridge opening and grout the outside of piles. 

3. Install dewatering system and monitoring system 

4. Excavate and install bracing or anchors as excavation proceeds. 

5. Stabilize inflow of groundwater at base of excavation.  

6. Construct tunnel. 

7. Backfill and remove sheeting. 

 

Phase 2 

 

1. Repeat above steps for second half of tunnel. 

 

Tunnel Option 2 – Submerged Tube   An alternative similar to the cut and cover option is to 

construct the portion of the tunnel beneath the river using the submerged tube method. This 

method includes precasting tunnel sections in a dewatered excavated basin adjacent to the river, 

floating the sections into place, and lowering the sections onto a prepared base below the river. 

The option would include the construction of the approaches using cut and cover methods as 

described for Cut and Cover Tunnel Option 1.  

 

The advantage of this option is that the deepest portion of the tunnel under the river will not have to 

be dewatered. In addition, the excavation in the river can be completed with barge mounted 

excavation equipment without the need for sheet piling within the river. This will minimize impact on 

use of the river by others during the construction.  
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The disadvantage of this option is that the sheet pile walls for excavation support for the basin will 

require the use of soil anchors which will extend beneath the railroad and adjacent buildings. This 

will require additional care and monitoring in order to minimize potential settlement beneath these 

facilities.  

 

The cost of this option is similar to the cut and cover option.  There will be some cost savings since 

the portion of construction beneath the river will not require dewatering. However, the placement 

and connection of the box sections underwater will require some underwater work. In addition, the 

required use of soil anchors will add cost for monitoring and temporary construction easements.  

Therefore, it is recommended that this option not be advanced at this time. 

 

 

 

Proposed Construction Sequence 

 

1. Pre-drill lines for installation of sheet piles from each edge of the river. 

2. Install sheet piles and grout the outside of the sheeting to minimize water inflow. 

3. Excavate within the sheeting to the elevation of the bottom of the river for a distance of about 

400 feet on the south side of the river and dewater excavation to create a casting basin. Install 

anchors to tie back sheet piles. 

4. Perform excavation in the river to about elevation -60 using underwater excavation methods. 

Place 4 feet of crushed aggregate in the bottom of the excavation.  

5. Construct tunnel box sections in the casting basin in approximately 100-foot long sections.  

6. Flood the casting basin and float precast sections into the river, lower the section to the 

prepared bed and backfill. 

7. Complete excavation for approaches which will require dewatering and additional braces or 

soil anchors.  

8. Stabilize bottom of excavation with grouting or soil mixing and place mud slab. 

9. Construct cut and cover box sections and slab and walls for approaches. 

Tunnel Option 3 – Bored Tunnel  The proposed tunnel is a structure from approximately Station 

17944+04 to approximately Station 18035+96. The Structural Alternative Plans New River Bored Tunnel 

Option – Plan and Profile (Sheet No. 3) shows the longitudinal profile of the proposed tunnel. From 

approximately Station 17944+04 to approximately Station 17957+81 the tracks would be in a 

retained cut, from approximately Station 17957+81 to approximately Station 17972+05 the tracks 

would be in a tunnel constructed with the cut and cover method, from approximately Station 

17972+05 to approximately Station 18008+83 the tracks would be in a bored tunnel, from 

approximately Station 18008+83 to approximately Station 18023+20 the tracks would be in a tunnel 

constructed with the cut and cover method and from approximately Station 18023+20 to 

approximately Station 18035+96 the tracks would be in a retained cut.  The Structural Alternative 
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Plans New River Bored Tunnel Option – Cross Section (Sheet No. 4) shows typical cross sections of the 

proposed tunnel. As seen from the profile and cross sections, the bottom of the tunnel would be at 

about Elevation -115 at the low point, approximately 117 feet below the normal groundwater 

elevation.  
 

The construction method described herein uses both cut and cover and bored tunnel excavation 

methods. The cut and cover method will be used at the outer/shallower portions of the tunnel and 

will require the installation of sheet piles and bracing for the support of excavation. It is expected 

that both the open cut and cover excavation and bored tunnel excavation will extend through 

sand and limestone/sandstone layers.  In order to install the sheet piles for the cut and cover 

method, it will be necessary to predrill the area so that piles can be driven. Once the piles are 

driven, the area adjacent to the outside of the piles will be grouted to minimize groundwater 

infiltration during construction.  The sheet piles will also require horizontal anchors or bracing.  

 

The deeper portions of the tunnel will be excavated using the tunnel boring machine (TBM) method.  

Excavation with a TBM typically requires a minimum depth of cover of one tunnel diameter above 

the TBM in order to minimize settlement at the ground surface.  Therefore, the top of the TBM 

excavation must maintain one tunnel diameter of cover during excavation, including under the 

New River. The required diameter of the TBM is expected to be 44 feet in order to accommodate 

the two tracks with the required clearances.  

 

The geologic conditions at the site with layers of unconsolidated sand and consolidated 

sandstone/limestone, and a high groundwater table are not favorable for tunneling. The use of an 

earth pressure balance (EPB) TBM will allow for better control of the groundwater and loose material 

during excavation.     

 

Groundwater will be a significant issue during construction and throughout the life of the structure.  

During the cut and cover construction, the area of excavation will need to be dewatered and 

inflow of groundwater into the excavation will need to be controlled. It will also be important to 

control inflow of ground water to minimize settlement beneath the adjacent tracks and structures 

and to minimize instability of the soils and rock in the excavation.  Soil and rock below the bottom of 

the open excavation may need to be stabilized to minimize groundwater inflow.  Alternatives for 

controlling the groundwater inflow below the bottom of the excavation include: pressure grouting, 

soil mixing and installing a concrete tremie seal.  In order to minimize infiltration throughout the life of 

the structure for the cut and cover sections of the tunnel, the tunnel joints would require waterstops 

and an impermeable membrane placed around the outside of the structure.  The tunnel for the TBM 

portion of the project would also have to be constructed such that the infiltration of groundwater is 

minimized. An appropriate method for groundwater control in tunnels is to use gasketed precast 

liner sections or membranes between the initial and final tunnel linings. 

 

The uplift pressure on the bottom of the tunnel will be substantial due to the depth below the 

groundwater level. The uplift pressure is typically resisted by a thick concrete base or soil anchors for 

the cut and cover section and a thick concrete floor in the bored tunnel section.  A sump would be 

required at the low point of the profile to remove drainage from the tunnel.   
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The area that is required for the proposed construction is limited by the adjacent railroad tracks and 

existing buildings. This may require installation of the support of excavation during short work periods 

as permitted by the railroad. An option to the construction described above which would reduce 

the structure width includes use of a concrete slurry wall in place of the sheet piling. The slurry wall 

would be used for support of excavation and also as the structure walls. Another less desirable 

option would be to stack the tracks in a double box or two stacked bored tunnels. This would 

require construction over a longer length of the alignment in order to transition the tracks from side 

by side to a stacked configuration. 

 

 

 

 

 

 

Proposed Construction Sequence  

 

1. Predrill line for installation of sheet piles. 

2. Install and grout sheet piles from one end of project to the point where the bored tunnel begins. 

3. Install and grout sheet piles where bored tunnel ends to the end of the project. 

4. Install dewatering system and monitoring system. 

5. Excavate and install bracing or anchors as excavation proceeds. 

6. Stabilize inflow of groundwater at base of excavation.  

7. Construct bored tunnel portion. 

8. Construct cut and cover sections. 

9. Backfill and remove sheeting.  

 

Bridge over Dania Cut-Off Canal.  The existing bridge over the Dania Cut-Off Canal is a single span 

structure approximately 78 ft long.  At this location Griffin Road runs parallel to the south side of the canal.  

The proposed bridge would carry transit on the east side of the existing structure and span over both Griffin 

Road and the canal.   The proposed vertical clearance was requested by the coast guard for new bridge 

construction over the canal. The canal crossings would be dedicated for transit loading only where the FEC 

would continue to use their existing bridges. The reason for this restriction is based on the FEC requirement 

that the entire train consist must be on the vertical crest without introducing the dynamics associated with 

a portion of the train being on both the descending and ascending grades. This would require almost a 2-

mile elevated segment and therefore was considered not feasible in terms of costs, although this issue 

should be revisited during the next phase. 

 

Three options were evaluated for the proposed bridge. 

 

Option 1 – Fixed Bridge (28 ft Vertical Clearance) A fixed bridge with a minimum vertical clearance 

of 28 ft from bottom of girder to high water elevation.  This option provides a grade separation over 

Griffin Road with a minimum vertical clearance of 18 ft.  This allows the road to remain open to 

traffic.  The new bridge would be a three-span structure of 80’- 95’- 80’.  A multi-span arrangement 

will allow a shallow beam depth.  This, in turn, allows for a lower vertical profile which minimizes the 

length of approach walls on either side.   Furthermore, by providing end spans of similar lengths, 
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the bridge ends are sufficiently offset from the waterline to allow the use of MSE walls.  These types 

of retaining walls are typically more economical than conventional CIP walls which would be 

required if the end bents were located in closer proximity to the waterline.  The recommended 

span configuration also places the piers nearly “in the dry” adjacent the canal bank providing a 

clear, unobstructed opening within the waterway.  This pier placement also facilitates construction. 

 

Span lengths of 80’ to 95’ typically do not produce economical steel girder bridges.  In this span 

range prestressed concrete girders are more cost effective and therefore the recommended 

superstructure type (See FEC over Dania Cut-Off Canal - Fixed (28’ Vertical Clearance) Plan and 

Elevation, Sheets 1 thru 5).  

   

Option 2 – Fixed Bridge (21 ft Vertical Clearance)  A fixed bridge with a three-span arrangement of 

80’- 80’- 80’ and a vertical clearance of 21 ft from bottom of girder to high water elevation.  21 ft is 

the minimum vertical clearance desired by the City of Dania Beach.  The advantages of this span 

configuration are similar to those in Option 1 with the added benefit of a reduced vertical profile 

and subsequently less approach walls.  The disadvantage of this option is it does not provide 

sufficient vertical clearance over Griffin Road requiring it to be closed.  As with Option 1, prestressed 

concrete girders are the recommended superstructure type (See FEC over Dania Cut-Off Canal - 

Fixed (21’ Vertical Clearance) Plan and Elevation, Sheets 1 thru 5). 

.  

 

Option 3 – Low-Level Moveable Bridge According to a study conducted by the Marine Industries 

Association of South Florida (MIASF) there are a high number of potential sites along the Dania Cut-

Off Canal available to facilitate expansion of the Marine Industry in Broward County.  As such, a 

movable bridge option was investigated to facilitate this future development.  Minimum vertical 

clearance was set at 21 ft and a through truss would be used for the bascule span to minimize 

structure depth below the track.  This allows for a lower vertical profile which shorter approaches 

and subsequently less retaining walls.  One of the economical disadvantages with this option is the 

need for additional right-of-way over the canal.  This is necessary because the footprint of the 

bascule piers falls outside the existing right-of-way limits (See FEC over Dania Cut-Off Canal - 

Movable (21’ Vertical Clearance) Plan and Elevation, Sheets 1 thru 5). 

 

A general observation is made regarding the proposed track alignment in the area of the Dania Cut-Off 

Canal.  Based on the latest right-of-way limits provided it appears from before Sta 18212+00 to 

approximately Sta 18222+00 the proposed tracks fall outside the eastern edge of existing right-of-way. 

 

 

Bridge over Hillsboro Canal.  The existing bridge over the Hillsboro Canal is a multi-span structure.  The 

proposed bridge would carry transit on the east side of the existing structure.  A three-span structure would 

be recommended for similar reasons as the crossing at the Dania Cut-Off Canal.  Two options were 

evaluated for the proposed bridge. The proposed vertical clearance was requested by the coast guard for 

new bridge construction over the canal. The canal crossings would be dedicated for transit loading only 

where the FEC would continue to use their existing bridges. The reason for this restriction is based on the FEC 

requirement that the entire train consist must be on the vertical crest without introducing the dynamics 

associated with a portion of the train being on both the descending and ascending grades. This would 
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require almost a 2-mile elevated segment and therefore was considered not fea

although this issue should be revisited during the next phase.

 

 

Option 1 – Fixed Bridge (23 ft Vertical Clearance)

120’- 120’ -120’ and minimum vertical clearance of 2

elevation.  This span configuration places the piers nearly “in the dry” adjacent the canal bank 

providing a clear, unobstructed opening within the waterway

construction (See FEC over Hillsboro 

5). 

  

Option 2 – Fixed Bridge (13.5 ft Vertical Clearance)

of 120’- 120’ -120’ similar to Option 1, but with a

of girder to high water elevation.  

Guard.  The lower clearance 

approaches and less retaining 

and Elevation, Sheets 1 thru 5

 

Span lengths of 120’ used in both options 

still in the range where prestressed concrete 

and therefore are recommended. 

 

A general observation is made regarding the proposed track alignment in the area of the Hillsboro Canal.  

Based on the latest right-of-way limits provided it app

the proposed tracks fall outside the eastern edge of existing right

 
 
 
Pier Types.  Examples of viable pier configurations for 

indicated in the following graphics. 

 

Multi-Column Bent 

 

Prestressed Pile Bent 
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mile elevated segment and therefore was considered not feasible in terms of costs, 

although this issue should be revisited during the next phase. 

Fixed Bridge (23 ft Vertical Clearance)  A fixed bridge with a three-span arrangement of 

minimum vertical clearance of 23 ft from bottom of girder to high water 

his span configuration places the piers nearly “in the dry” adjacent the canal bank 

providing a clear, unobstructed opening within the waterway.  This pier placement also

Hillsboro Canal (23’ Vertical Clearance) Plan and Elevation, Sheets 1 thru 

Fixed Bridge (13.5 ft Vertical Clearance)  A fixed bridge with a three-

similar to Option 1, but with a reduced vertical clearance of 1

of girder to high water elevation.  13.5 ft is the minimum vertical clearance allowed b

The lower clearance subsequently allows for a reduced vertical profile 

retaining walls (See FEC over Hillsboro Canal (13.5’ Vertical Clearance)

5). 

Span lengths of 120’ used in both options permit consideration of steel girders.  However, th

still in the range where prestressed concrete girders typically produce a more cost effective 

A general observation is made regarding the proposed track alignment in the area of the Hillsboro Canal.  

way limits provided it appears from approximately Sta 17217+00 to 

outside the eastern edge of existing right-of-way. 

ble pier configurations for new transit or grade separation 

 

Tee Pier Straddle Bent

  

Hammerhead Tulip

TRANSIT STRUCTURES CONCEPT REPORT     

 

 

20-Aug-10  

sible in terms of costs, 

span arrangement of 

irder to high water 

his span configuration places the piers nearly “in the dry” adjacent the canal bank 

.  This pier placement also facilitates 

Plan and Elevation, Sheets 1 thru 

-span arrangement 

ce of 13.5 ft from bottom 

allowed by the Coast 

allows for a reduced vertical profile with shorter 

(13.5’ Vertical Clearance) Plan 

consideration of steel girders.  However, this span length is 

produce a more cost effective superstructure 

A general observation is made regarding the proposed track alignment in the area of the Hillsboro Canal.  

17217+00 to Sta 17232+00 

or grade separation structures are 

Straddle Bent 

Tulip 
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Multi-column bents are good choices for longer viaducts such as the landside approac

bridge over New River.  Tee piers and hammerheads are good for a minimum aesthetic profile and are well 

suited for narrower superstructure widths.  Straddle bents would be the most expensive and should be 

restricted only to where needed to accommodate surface streets 

height and taller piers as they present “clean” lines from an aesthetic perspective and can accommodate 

additional reinforcement in the stem.  The prestressed pile bent is traditionally a very economical 

substructure unit for water crossings. 

 

Retaining Walls.  To support non-compliant transit or busway surcharges,

(MSE) walls will be the best alternative for end bent approach walls and retaining walls on the project.  

The wall type is very versatile in accommodating different surface treatments and finishes on the 

panels for architectural enhancement; can be constructed quickly; and is cost effective under most 

conditions.  The minimum reinforced zone width is estimated to be approximately 0.75 x wall height.  

With parallel walls at the bridge approaches, the narrow typical section will

reinforcement (“straps”) will likely connect to the panels on both side

place concrete walls are recommended to support compliant transit and freight (Cooper E

loadings.  Concrete cantilever walls ar

from these heavier live loads. As per the drawings, the horizontal clearance from the centerline of the 

existing FEC track to the face of the MSE walls was set at 18’

approaching the at-grade crossing, the horizontal clearance will be reduced to 15

pole base and therefore the horizontal clearance should be widened to 23’

advances in the next phase, track profiles and ali

roadway conflicts or consideration be given to closure or realignment of existing roadways

Typical Foundations.  Spread footings founded on the near surface rock layers are possible at specific sites.  

However, foundations appropriate for bridges in southern Florida are typically deep foundations consisting 

of driven piles or drilled shafts. Driven precast concrete p

columns for piers to minimize the construction cost of pier columns.  Driven piles typically require 

holes prior to driving the piles in order to permit penetration through the intermittent roc

required depths.  

 

 

Re-Use / Widening of Existing FECRR Structures

from 6 yrs to 82 yrs old.  The last known date of inspection based on the reports provided in the 

Existing Structure Characteristics Report

at the time of the inspection and the reports noted no major evidence or signs of structural distress.  While 

the inspection reports provide a basic condit

sampling of the structures, the data is not of sufficient detail to render detailed judgment as to their 

capacity to adequately continue service (or for how long).  For the purpose of presenti

approach with respect to the existing structures, the cost analyses have been d

following methodology. 
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column bents are good choices for longer viaducts such as the landside approac

New River.  Tee piers and hammerheads are good for a minimum aesthetic profile and are well 

suited for narrower superstructure widths.  Straddle bents would be the most expensive and should be 

restricted only to where needed to accommodate surface streets below.  Tulip piers are good for mid

height and taller piers as they present “clean” lines from an aesthetic perspective and can accommodate 

additional reinforcement in the stem.  The prestressed pile bent is traditionally a very economical 

 

compliant transit or busway surcharges, mechanically stabilized earth 

(MSE) walls will be the best alternative for end bent approach walls and retaining walls on the project.  

The wall type is very versatile in accommodating different surface treatments and finishes on the 

ral enhancement; can be constructed quickly; and is cost effective under most 

conditions.  The minimum reinforced zone width is estimated to be approximately 0.75 x wall height.  

With parallel walls at the bridge approaches, the narrow typical section will be such that the MSE 

reinforcement (“straps”) will likely connect to the panels on both sides rather than overlap.

place concrete walls are recommended to support compliant transit and freight (Cooper E

loadings.  Concrete cantilever walls are better suited to resist the extreme surcharge pressures induced 

As per the drawings, the horizontal clearance from the centerline of the 

existing FEC track to the face of the MSE walls was set at 18’-0”. However, as the wal

grade crossing, the horizontal clearance will be reduced to 15

pole base and therefore the horizontal clearance should be widened to 23’-0”. 

, track profiles and alignments will need to be revised to eliminate 

roadway conflicts or consideration be given to closure or realignment of existing roadways

Spread footings founded on the near surface rock layers are possible at specific sites.  

However, foundations appropriate for bridges in southern Florida are typically deep foundations consisting 

of driven piles or drilled shafts. Driven precast concrete piles and drilled shafts can be extended to form the 

for piers to minimize the construction cost of pier columns.  Driven piles typically require 

holes prior to driving the piles in order to permit penetration through the intermittent roc

Use / Widening of Existing FECRR Structures.  As noted in Table 1, the existing structures range in age 

from 6 yrs to 82 yrs old.  The last known date of inspection based on the reports provided in the 

Structure Characteristics Report was in 2005.  All of the bridges were functioning and carrying load 

at the time of the inspection and the reports noted no major evidence or signs of structural distress.  While 

the inspection reports provide a basic condition assessment along with some limited load ratings for a small 

sampling of the structures, the data is not of sufficient detail to render detailed judgment as to their 

capacity to adequately continue service (or for how long).  For the purpose of presenti

approach with respect to the existing structures, the cost analyses have been developed based on the 
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column bents are good choices for longer viaducts such as the landside approach spans for the 

New River.  Tee piers and hammerheads are good for a minimum aesthetic profile and are well 

suited for narrower superstructure widths.  Straddle bents would be the most expensive and should be 

below.  Tulip piers are good for mid-

height and taller piers as they present “clean” lines from an aesthetic perspective and can accommodate 

additional reinforcement in the stem.  The prestressed pile bent is traditionally a very economical 

mechanically stabilized earth 

(MSE) walls will be the best alternative for end bent approach walls and retaining walls on the project.  

The wall type is very versatile in accommodating different surface treatments and finishes on the 

ral enhancement; can be constructed quickly; and is cost effective under most 

conditions.  The minimum reinforced zone width is estimated to be approximately 0.75 x wall height.  

be such that the MSE 

rather than overlap.  Cast-in-

place concrete walls are recommended to support compliant transit and freight (Cooper E-80) 

e better suited to resist the extreme surcharge pressures induced 

As per the drawings, the horizontal clearance from the centerline of the 

However, as the wall shortens 

grade crossing, the horizontal clearance will be reduced to 15’ to the catenary 

. As project design 

gnments will need to be revised to eliminate potential 

roadway conflicts or consideration be given to closure or realignment of existing roadways. 

Spread footings founded on the near surface rock layers are possible at specific sites.  

However, foundations appropriate for bridges in southern Florida are typically deep foundations consisting 

be extended to form the 

for piers to minimize the construction cost of pier columns.  Driven piles typically require performing 

holes prior to driving the piles in order to permit penetration through the intermittent rock strata to the 

As noted in Table 1, the existing structures range in age 

from 6 yrs to 82 yrs old.  The last known date of inspection based on the reports provided in the SFECC 

was in 2005.  All of the bridges were functioning and carrying load 

at the time of the inspection and the reports noted no major evidence or signs of structural distress.  While 

ion assessment along with some limited load ratings for a small 

sampling of the structures, the data is not of sufficient detail to render detailed judgment as to their 

capacity to adequately continue service (or for how long).  For the purpose of presenting a reasonable 

eveloped based on the 
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(1) All bridges constructed prior to 1960 (six) would require replacement. 

(2) The rest of the inventory (ten) would require strengthening and/or rehabilitation. 

 

Most of the 16 existing bridges carrying FEC freight traffic are not good candidates for widening to 

accommodate new transit tracks due to one (or more) of the following characteristics: 

• Moveable [New River Bridge] 

• Open deck with steel beams [No significant construction or cost advantage] 

• Age / condition 

• Substructure consisting of timber pile bents 

 

The following four existing crossings, however, could be candidates for widening to be evaluated further in 

the next phase of the project: 

• Canal C-15 (MP 319.55) 

• Cypress Creek Canal (MP 334.93) 

• Royal Glades Canal (MP 354.51) 

• Little River (MP 360.27) 

 

All of these structures consist of precast, prestressed adjacent plank beam superstructures with ballasted 

deck supported by concrete pile bents.  Constructed between 1956 and 2003, the bridges are in good 

condition and offer both a superstructure and substructure type that is conducive to widening.   

 

Grade Separation Structures.  The Draft Grade Crossing Report dated 25-Sep-09 identified a total of 28 

locations.  With only a few exceptions, the report recommended the rail traffic be elevated over the 

existing highway or street.  The report recommended only three locations where the highway should be 

elevated over the rail traffic and one location to remain at-grade.  The costs included in the estimate for 

new grade separation structures are based on the following: 

(1) 24 structures carrying rail (or busway) over highway 

(2) 3 structures carrying highway over rail 

(3) All proposed bridges assumed to have the same deck area 

(4) Longer approach walls for compliant transit (more stringent profile limitations) 

(5) Longer approach walls for highway bridges (higher vertical clearance) 

 

Viable alternatives for new grade separation bridges would be single or multi-span structures composed of 

prestressed I-girder or steel I-girder superstructures supported by multi-column bent piers.  For typical 

sections carrying more than two tracks or two lanes of roadway, the bridges would be wide enough to also 

consider steel box girders which offer an increased aesthetic appeal.  Bridge approach walls would follow 

the same recommendations for other retaining walls on the project as discussed previously. Based on 

discussions with the FECRR, it is recommended that the freight line remain at grade through the crossings. 

As a result, only the SFECC tracks would be grade separated. 

 

Overpass Structures.  A general review of the existing bridges over the FECRR was performed to identify 

their ability to accommodate two additional tracks for transit.  To evaluate, the proposed four track re-

alignment was superimposed onto existing aerial photographs to review track positions versus existing pier 

locations.  As noted in Table 3, the number of proposed tracks varies from 2 – 5.  Based on the evaluation, 

there are several structures with existing piers that conflict with the proposed track re-alignment, but there 
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appears to be sufficient room to adjust the alignment so that the tracks can fit within the spans.  In some 

instances, the addition of crashwall protection will be needed at the piers.  According to AREMA provisions, 

any existing substructure units encroaching within 18 ft of centerline of track would need to be protected 

by crashwalls.  No substructure unit can be less than 9 ft clearance to center line of track.  The table 

summarizes the anticipated conditions that would occur at each structure crossing, and indicates locations 

where existing piers are located within the existing 100 ft right-of-way. 
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VI - COST ANALYSIS 
 
A conceptual cost analysis was performed in order to develop an order of magnitude cost for the overall 

structures.  With very limited dimensional data and no refined quantities available at this level of design, the 

estimate was restricted to using composite unit costs applied to bridge deck and wall surface areas.  

Different unit cost values were used to reflect the various conditions.  The alternatives listed earlier in Section 

II form the basis for the costs and are summarized in the following matrix. 

 

 New Rail/Busway 

Bridges 

Existing FECRR 

Bridges 

Grade 

Separations 
Remark(s) 

Alternative 1A 

(FRA Compliant) 

Compliant 

Construct 16 

Cooper E-80 

Compliant 

Replace 6 

Rehabilitate 10 

Construct 27 New tracks added adjacent 

to existing.  Shared use 

between transit and freight 

Alternative 1B 

(FRA Compliant) 

Compliant 

Construct 16 

Cooper E-80 

Compliant 

Replace ALL 

Construct 27 All existing bridges replaced to 

allow full track realignment. 

Alternative 2A 

(FRA Non-Compliant) 

Non Compliant 

Construct 16 

LRV Loading 

Compliant 

Replace 6 

Rehabilitate 10 

Construct 27 All new transit bridges. Freight 

traffic remains on 

replaced/rehabilitated 

existing structures. 

Alternative 2B 

(FRA Non-Compliant) 

Non Compliant 

Construct 16 

LRV Loading 

Compliant 

Replace ALL 

Construct 27 All existing bridges replaced to 

allow full track realignment. 

Alternative 3A 

(Busway) 

Non Compliant 

Busway 

Construct 16 

AASHTO Loading 

Compliant 

Replace 6 

Rehabilitate 10 

Construct 27 New dedicated busway 

adjacent to existing FECRR 

bridges. 

Alternative 3B 

(Busway) 

Non Compliant 

Busway 

Construct 16 

AASHTO Loading 

Compliant 

Replace All 

Construct 27 All existing bridges replaced to 

allow full track realignment. 

 

The following tables summarize estimated structure costs within the scope of the study area: 

 

• Cost Table I 
o Cost comparison for New River Bridge options 

o Cost comparison for Dania Cut-Off Canal Bridge options 

o Cost comparison for Hillsboro Canal Bridge options 

o Cost comparison for New River Tunnel options 

• Cost Table II 
o Summary cost for Alternates 1A; 1B; 2A 

• Cost Table III 
o Summary cost for Alternates 2B; 3A; 3B 
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Cost Table I 
 
 



 SFECC CORRIDOR STUDY – PHASE 2  TRANSIT STRUCTURES CONCEPT REPORT     

 

 

 

 27 20-Aug-10  

Total

Area

(SF)

Unit

Cost

($/SF)

Total

Cost

1 Bridge and approach wall unit costs are based

High Level Fixed (Option 1) on using FRA compliant technology.

Fixed Span(s) 189,024 $525 $99,237,600

Approach Walls 52,300 $150 $7,845,000 2 Refer to Table II for unit cost descriptions.

Total $107,082,600

Mid-Level Moveable (Option 2)

Fixed Span(s) 176,715 $525 $92,775,375

Moveable Span 9,240 $2,000 $18,480,000

Approach Walls 47,300 $150 $7,095,000

Total $118,350,375

Fixed - 28 ft (Option 1)

Fixed Span(s) 8,547 $420 $3,589,740

Approach Walls 51,100 $150 $7,665,000

Total $11,254,740

Fixed - 21 ft (Option 2)

Fixed Span(s) 8,052 $420 $3,381,840

Approach Walls 31,600 $150 $4,740,000

Total $8,121,840

Mid-Level Moveable (Option 3)

Moveable Span 6,204 $2,000 $12,408,000

Approach Walls 24,000 $150 $3,600,000

Total $16,008,000

Fixed - 23 ft (Option 1)

Fixed Span(s) 12,012 $420 $5,045,040

Approach Walls 55,200 $150 $8,280,000

Total $13,325,040

Fixed - 13.5 ft (Option 2)

Fixed Span(s) 12,012 $420 $5,045,040

Approach Walls 23,300 $150 $3,495,000

Total $8,540,040

TUNNEL OPTIONS

Length

(LF)

Unit

Cost

($/LF)

Total

Cost

1 Unit costs determined using contractor input;

Cut and Cover 8,050 $40,884 $329,116,200 RS Means; and FDOT guidelines.

2 Unit costs include 20% contingency and

Submerged Tube 8,050 $40,884 $329,116,200 15% contractor OH&P

3 Bored tunnel option based on 3,680 LF of TBM and

Bored Tunnel 9,070 $57,206 $518,858,420 5,390 LF of Cut and Cover

Option 3

Description

New River

Dania Cut-Off Canal

Hillsboro Canal

Remark(s)

Description Remark(s)

Option 1

Option 2
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The cost estimates for the cut and cover and sunken tube tunnels were based on unit quantities, 
calculated from conceptual design of the tunnels, times unit costs. Unit costs were estimated from FDOT’s 

Basis of Estimates (2009),  R.S.Means Cost Data and input from contractors.  The costs include 20 per cent 

for contingency which is appropriate for this level of design and 15 per cent for contractor overhead and 

profit.   

The cost of the cut and cover and sunken tube options are assumed to be equal for this level of design.  

The two options are essentially the same in materials and construction except for the portion beneath the 

river. However, the portion beneath the river is relatively short compared with the total length of the tunnel 

section. For the sunken tube option there is less dewatering required compared with the cut and cover 

option. However, anchors and temporary easements are required for the support of excavation.  Therefore, 

the costs for these two options are assumed equal. 

The cost estimate for the bored tunnel was estimated based on historical data from other tunnel projects 

including the current Miami Port Tunnel. The cost for the Miami Port Tunnel is quite high relative to other 

tunnel projects. However, it is similar to the diameter required for this project and is in similar geology. 

Therefore, the cost was considered appropriate for this project. 
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Cost Table II 
 

 

Alternative 1A - FRA Compliant 1 Approach wall costs for New River; Hillsboro Canal;

New Rail Bridges Dania Cutoff Canal.  All others incidental.

New River Bridge (Option 1) 189,024 $525 $99,237,600

Dania Cut-Off Canal Bridge (Option 2) 8,052 $420 $3,381,840

Hillsboro Canal Bridge (Option 2) 12,012 $420 $5,045,040

All Other Bridges 74,910 $420 $31,462,200 2 20% contingency is commensurate with 

Approach Walls [1] 107,200 $150 $16,080,000 the current level of design development.

Rehab/Replace Existing FECRR Bridges

Strengthen / Repair 52,635 $100 $5,263,500 3 Bridge Unit Costs:

Replace 23,694 $420 $9,951,480 Complex / Steel Highway = $175 / SF ***

New Grade Separation Structures P/S Concrete Highway = $140 / SF ***

Rails over Street 96,000 $420 $40,320,000 Non-Compliant Transit = Highway Bridge x 1.15

Street over Rails 12,000 $140 $1,680,000 Compliant Transit = Highway Bridge x 3.00 **

Approach Walls 941,700 $150 $141,255,000 Moveable Bridge Span = $2,000 / SF

Contingency…..20% $70,735,332

$424,411,992 4 Approach Wall Unit Costs:

Alternative 1B - FRA Compliant Highway or Non-Compliant Transit (MSE) = $75 / SF

New Rail Bridges Compliant Transit (CIP Concrete) = $150 / SF **

New River Bridge (Option 1) 189,024 $525 $99,237,600

Dania Cut-Off Canal Bridge (Option 2) 8,052 $420 $3,381,840 ** Assumes Cooper E-80 max loading

Hillsboro Canal Bridge (Option 2) 12,012 $420 $5,045,040 *** 2009 FDOT Structures Design Guidelines

All Other Bridges 74,910 $420 $31,462,200       Chapter 9 - BDR Cost Est imating

Approach Walls [1] 107,200 $150 $16,080,000

Rehab/Replace Existing FECRR Bridges All unit costs include contractor OH&P

Replace 76,329 $420 $32,058,180

New Grade Separation Structures

Rails over Street 96,000 $420 $40,320,000

Street over Rails 12,000 $140 $1,680,000

Approach Walls 941,700 $150 $141,255,000

Contingency…..20% $74,103,972

$444,623,832

Alternative 2A - FRA Non-Compliant

New Rail Bridges

New River Bridge (Option 1) 189,024 $200 $37,804,800

Dania Cut-Off Canal Bridge (Option 2) 8,052 $160 $1,288,320

Hillsboro Canal Bridge (Option 2) 12,012 $160 $1,921,920

All Other Bridges 74,910 $160 $11,985,600

Approach Walls [1] 107,200 $75 $8,040,000

Rehab/Replace Existing FECRR Bridges

Strengthen / Repair 52,635 $100 $5,263,500

Replace 23,694 $420 $9,951,480

New Grade Separation Structures

Rails over Street 96,000 $160 $15,360,000

Street over Rails 12,000 $140 $1,680,000

Approach Walls 941,700 $75 $70,627,500

Contingency…..20% $32,784,624

$196,707,744

Description

Unit

Cost

($/SF)

Total

Cost

                        Total

Remark(s)

                        Total

Total

Area

(SF)

                        Total
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Cost Table III 
 

 

Alternative 2B - FRA Non-Compliant 1 Approach wall costs for New River; Hillsboro Canal;

New Rail Bridges Dania Cutoff Canal.  All others incidental.

New River Bridge (Option 1) 189,024 $200 $37,804,800

Dania Cut-Off Canal Bridge (Option 2) 8,052 $160 $1,288,320

Hillsboro Canal Bridge (Option 2) 12,012 $160 $1,921,920

All Other Bridges 74,910 $160 $11,985,600 2 20% contingency is commensurate with 

Approach Walls [1] 107,200 $75 $8,040,000 the current level of design development.

Rehab/Replace Existing FECRR Bridges

Replace 76,329 $420 $32,058,180 3 Bridge Unit Costs:

New Grade Separation Structures Complex / Steel Highway = $175 / SF ***

Rails over Street 96,000 $160 $15,360,000 P/S Concrete Highway = $140 / SF ***

Street over Rails 12,000 $140 $1,680,000 Non-Compliant Transit = Highway Bridge x 1.15

Approach Walls 941,700 $75 $70,627,500 Compliant Transit = Highway Bridge x 3.00 **

Contingency…..20% $36,153,264 Moveable Bridge Span = $2,000 / SF

$216,919,584

Alternative 3A - Dedicated Busway 4 Approach Wall Unit Costs:

New Busway Bridges Highway or Non-Compliant Transit (MSE) = $75 / SF

New River Bridge (Option 1) 189,024 $175 $33,079,200 Compliant Transit (CIP Concrete) = $150 / SF **

Dania Cut-Off Canal Bridge (Option 2) 8,052 $140 $1,127,280

Hillsboro Canal Bridge (Option 2) 12,012 $140 $1,681,680 ** Assumes Cooper E-80 max loading

All Other Bridges 74,910 $140 $10,487,400 *** 2009 FDOT Structures Design Guidelines

Approach Walls [1] 107,200 $75 $8,040,000       Chapter 9 - BDR Cost Est imating

Rehab/Replace Existing FECRR Bridges

Strengthen / Repair 52,635 $100 $5,263,500 All unit costs include contractor OH&P

Replace 23,694 $420 $9,951,480

New Grade Separation Structures

Busway over Street 96,000 $140 $13,440,000

Street over Busway 12,000 $140 $1,680,000

Approach Walls 941,700 $75 $70,627,500

Contingency…..20% $31,075,608

$186,453,648

Alternative 3B - Dedicated Busway

New Busway Bridges

New River Bridge (Option 1) 189,024 $175 $33,079,200

Dania Cut-Off Canal Bridge (Option 2) 8,052 $140 $1,127,280

Hillsboro Canal Bridge (Option 2) 12,012 $140 $1,681,680

All Other Bridges 74,910 $140 $10,487,400

Approach Walls [1] 107,200 $75 $8,040,000

Rehab/Replace Existing FECRR Bridges

Replace 76,329 $420 $32,058,180

New Grade Separation Structures

Busway over Street 96,000 $140 $13,440,000

Street over Busway 12,000 $140 $1,680,000

Approach Walls 941,700 $75 $70,627,500

Contingency…..20% $34,444,248

$206,665,488

Remark(s)

Total

Area

(SF)

                        Total

Description

Unit

Cost

($/SF)

Total

Cost
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APPENDIX “A” 
 

 

 

VEHICLE CLEARANCE DIAGRAM 
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