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CHAPTER 17
BRIDGES AND OTHER STRUCTURES
[bookmark: _Toc72767042]A	INTRODUCTION
Bridges provide safe passage for multimodal traffic over various obstacles along a road or path.  This chapter presents guidelines and standards for designing, constructing, inspecting, and maintaining bridges as well as other structures such as walls and supports for signs, lights, and traffic signals.  These standards and criteria are necessary due to the critical function these structures serve to communities throughout their lifespan.  This chapter establishes uniform minimum standards and criteria for all bridges used by the public for vehicular and/or pedestrian traffic as well as other structures such as walls and supports for signs, lights, and traffic signals.  The geometry of structures shall follow the standards and criteria set forth in Chapters 3, 8, 9, and 13.  Exceptions to these standards and criteria must be processed in accordance with the procedures described in Chapter 14.
In addition to the design criteria provided in this chapter, the United States Department of Transportation ADA Standards for Transportation Facilities (2006), United States Department of Justice ADA Standards (2010), as required by 49 C.F.R 37.41 or 37.43 and the 2020 Florida Building Code – Accessibility, 7th Edition  as required by 61G20-4.002 impose additional requirements for the design and construction of pedestrian facilities on bridges or other structures.  Examples of facilities include sidewalks and shared use paths, and drainage grates and inlets in or near the accessible route.  Significant ADA design considerations exist for all facilities with grades that exceed 5%.  The Public Rights-of-Way Accessibility Guidelines (PROWAG) provide additional information for the design of pedestrian facilities.
Note:  This chapter applies to all bridges under local control, except for bridges constructed on or over the FDOT’s system.  For bridges constructed on and over the FDOT’s system, as well as all bridges that will be maintained by the FDOT, FDOT policies, procedures, standards, and specifications will apply.


[bookmark: _Toc72767043]
B	OBJECTIVES
The objectives of this chapter are as follows:
To prescribe uniform criteria with respect to bridge and miscellaneous structures design and geometric layout.
To alert owners to the various federal and state requirements to be included in the design, construction, maintenance, and inspection of their bridges and other structures.
To provide practical suggestions specific to Florida on prudent structural engineering based on experience with statutes, standards, and criteria.
[bookmark: _Toc72767044]C	DESIGN
The design of bridges and other structures shall be led by a licensed professional engineer who shall assume responsible charge of the work.  The standards and criteria included here are directed only toward specific considerations that shall be followed.  Other considerations are necessary to create a comprehensive bridge design allowing owners and their engineer’s flexibility in design.  All bridges and other structures shall be designed in accordance with specifications (including guide specifications) published by the American Association of State Highway and Transportation Officials (AASHTO).
[bookmark: _Toc72767045]C.1	Bridges - General
All bridges and other structures shall be designed in accordance with specifications (including guide specifications) published by the American Association of State Highway and Transportation Officials (AASHTO).  At a minimum, the AASHTO Load and Resistance Factor Design (LRFD) Bridge Design Specifications, 9th Edition (2020)  shall be used.  Any bridge reconstruction (i.e., lengthening, widening, and/or major component replacement) shall be designed as specified in this section.  Record of such reconstruction shall be maintained as specified in Section D of this chapter.  The remaining design life should be considered in the design.	Comment by Krieger, Keith: Check with DeWayne on this website...does not look good...please underline the link
[bookmark: _Toc72767046]C.2	Bridge Live Loads
In addition to the notional (HL - 93) design load specified in LRFD, bridges shall also require a FL 120 permit load rating greater than 1 as defined in the FDOT’s  Structures Manual, Volume 1 – Structures Design Guidelines, 2022 (SDG).  This vehicle allows for a more consistent load rating comparison considering the current bridge inventory.	Comment by Krieger, Keith: Make underlines blue
[bookmark: _Toc72767047]C.3	Bridge Superstructure
The superstructure of a bridge is that portion of the structure that spans between its supports or piers.  Considerations that shall be incorporated into the design of all superstructures will include the following:
[bookmark: _Toc72767048]C.3.a	Girder Transportation
The Engineer of Record (EOR) is responsible for investigating the feasibility of transportation for heavy, long and/or deep girder field sections.  In general, the EOR should consider the following during the design phase:
Whether or not multiple routes exist between the bridge site and a major transportation facility.
The transportation of field sections longer than 130 ft or weighing more than 160,000 pounds requires coordination through the FDOT’s Permit Office during the design phase of the project. Shorter and/or lighter field sections may be required if access to the bridge site is limited by roadway(s) with sharp horizontal curvature or weight restrictions.
On steel superstructures, where field splice locations required by design result in lengths greater than 130 feet, design, and detail "Optional Field Splices" in the plans.
For curved steel box girders, prefabricated trusses, and integral pier cap elements, size field pieces such that the total hauling width does not exceed 16 feet.
[bookmark: _Toc72767049]C.3.b	Vertical Clearance
All new bridges over roadways and shared use paths shall be designed to meet the vertical clearance standards specified in Chapter 3, Section C.7.j.4.(b), and Chapter 9, Section C.6.
All new bridges over water shall be designed to meet the following vertical clearance standards:
To allow debris to pass without causing damage, the clearance between the design flood stage and the low member of bridges shall be a minimum of two feet.  This standard does not apply to culverts and bridge-culverts.
For crossings subject to boat traffic, the minimum vertical navigation clearance should be:
	
Tidewater bays and streams
	6 feet above Mean High Water *

	Freshwater rivers, streams, non-regulated/controlled canals, and lakes
	6 feet above Normal High Water

	Regulated/controlled lakes and canals
	6 feet above control elevation


*	For locations subject to tidal salt / brackish water splashing, a 12-foot vertical clearance above Mean High Water should be considered for bridge durability reasons.
Higher clearances apply for crossings over legislated channels under the control of the U.S. Coast Guard (USCG).  Designers should also consider future navigation demands and future shared use path demands in setting the vertical clearance of a bridge.
[bookmark: _Toc72767050]C.3.c	Railings
All traffic, pedestrian, and bicycle railings shall comply with the requirements in Section 13 of LRFD.  Traffic railings shall meet the crash requirements of at least Test Level 3 (TL-3) for bridges with design speeds greater than 45 mph and at least TL-2 for design speeds less than or equal to 45 mph.
For pedestrian/bicycle railings, two-pipe guiderails, and details similar to those in the FDOT’s Standard Plans may be mounted on walls or other structures where drop-off hazards are 5 feet or less.  Concrete, aluminum or steel railing and details similar in strength and geometry to those in the FDOT’s Standard Plans shall be used (or modified to suit environmental runoff concerns) where drop-off hazards are greater than 5 feet.  See Standard Plans Instructions for more information.	Comment by Krieger, Keith: Underline al of these links in BLUE
[bookmark: _Toc72767051]C.3.d	Expansion Joints
The number of joints should be minimized to reduce the inspection and maintenance needs of the bridge.
[bookmark: _Toc72767052]C.3.e	Drainage
All bridge designs shall include a drainage design that is specific to its site.  Conveyance of drainage off the bridge roadway should be designed to meet spread standards contained in the FDOT’s  Drainage Manual,  (2022) and may include open systems (i.e., scuppers) or closed systems (i.e., inlets and pipes) based on environmental permitting restrictions.  Drainage from the bridge should not drop onto traffic below.  Longitudinal conveyance piping attached to bridges is expensive and maintenance-intensive, and should be avoided whenever possible.	Comment by Krieger, Keith: Underline all links...and make blue
Conveyance of drainage off pedestrian facilities shall be designed to provide an accessible route for pedestrians.  Further guidance on the design of bridge deck drainage may be found in the current version of FHWA Publication HEC-21, “Design of Bridge Deck Drainage.”	Comment by Krieger, Keith: Underline link in BLUE
[bookmark: _Toc72767053]C.3.f	End Treatments
Requirements for end treatments of structures are given in Chapter 4 – Roadside Design.  Bridge barriers shall be designed to accommodate connection of a guardrail transition or energy absorbing system.
[bookmark: _Toc72767054]C.4	Bridge Substructure
The substructure of a bridge consists of all elements below the superstructure including its bearings, piers, and foundations.  For guidance on bridges vulnerable to coastal storms, see SDG, Section 2.5.  Considerations that shall be incorporated into the design of all substructures include the following:	Comment by Krieger, Keith: @Morris, Jacqueline check this link
[bookmark: _Toc72767055]C.4.a	Scour
A hydrologic/hydraulic analysis shall be performed to quantify expected stages and flows at the bridge site.  Anticipated substructure scour shall be developed for the following conditions:


	Hydraulic Design Flood Frequency
	Scour Design Flood Frequency
	Scour Design Check Flood Frequency

	Q10
	Q25
	Q50

	Q25
	Q50
	Q100

	Q50
	Q100
	Q500

	Notes:  “Q” is the common term used for flow rate, an expression of volume of fluid which passes per unit of time.
“x” is the return period in years (10, 25, 50, 100, 500).



Any exceptions to the standards above hydrologic/hydraulic and scour analysis requirements shall be approved in writing by the FDOT District Drainage Engineer.  Methodology for computing bridge hydrology/hydraulics and bridge scour should follow the guidelines set forth in the FDOT’s Drainage Manual (2022).  Further guidance and training may be obtained through FHWA Hydraulic Engineering Circulars (HEC) “HEC-18” and “HEC-20” and the FDOT’s training courses on these topics.  Additionally, for larger bridges (>120,000 sq. ft.), hydraulic designers may wish to consult with the FDOT District Drainage Engineer for case-specific guidance.  The SDG, Section 2.11 and 2.12 and the FDOT’s Drainage Manual, (2022) provide guidance on scour load combinations with other loads.	Comment by Krieger, Keith: All underlines need to be blue
[bookmark: _Toc72767056]C.4.b	Navigation Aids and Vessel Collision
All bridges over USCG designated navigable waterways shall include bridge fender systems and consideration for potential vessel collision.
For guidance on navigation aids and bridge fender system design, see SDG Section 314.  For guidance on vessel collision design see SDG, Section 2.11 and LRFD, Section 3.14.	Comment by Krieger, Keith: @Morris, Jacqueline check this link	Comment by Krieger, Keith: Link does not go to SDG	Comment by Krieger, Keith: Underline all links in BLUE	Comment by Krieger, Keith: Fix link


[bookmark: _Toc118521186][bookmark: _Toc72767057]C.4.c	Pier Locations
All bridges over roadways shall have substructures supports set back from vehicular traffic lanes in accordance with Chapter 3, Section C.7.j.4.(a).
All bridges over water shall have substructure supports located with horizontal clearance requirements as listed below.  In this case, horizontal clearance is defined as the clear distance between piers, fender systems, culvert walls, etc., projected by the bridge normal to the flow.
· For crossings subject to boat traffic a minimum horizontal clearance of 10 feet shall be provided.
· Where no boat traffic is anticipated, horizontal clearance shall be provided consistent with debris conveyance needs and structure economy.
[bookmark: _Toc72767058][bookmark: _Toc118521188][bookmark: _Toc118521189][bookmark: _Toc118521217][bookmark: _Toc118521246]C.4.d	Wildlife Crossing Features
Consider the use of wildlife connectivity features (e.g. shelves and wildlife fencing) in accordance with the FDOT Wildlife Crossing Guidelines to enhance wildlife mobility and reduce motor vehicle collisions with wildlife.  Wildlife crossing features help maintain habitat connectivity, promote wildlife diversity, and enhance motorist safety.   Adding shelves into the bridge abutment design is a low cost technique which allows for better wildlife connectivity and makes bridge inspections safer.	Comment by Krieger, Keith: @Morris, Jacqueline "FDOT" not part of the link
Wildlife crossing feature(s) may include new or modified structures, such as bridges, bridges with shelves, specially designed culverts, enlarged culverts or drainage culverts and/or exclusionary devices such as fencing, walls or other barriers, or some combination of these features.  Wildlife refers to listed, protected, or otherwise regulated species that the US Fish and Wildlife Service (USFWS) and/or Florida Fish and Wildlife Conservation Commission (FWC) have jurisdiction over.
The National Transportation Library provides additional information on Wildlife Crossing Structures. 	Comment by Krieger, Keith: @Morris, Jacqueline check this link
[bookmark: _Toc25159757]

[bookmark: _Toc89696130]Figure 17 – 1  Bridge with Shelves for Wildlife
[image: Photo of a bridge over a river with vegetative shelves for wildlife to cross under.

]
[bookmark: _Toc72767059]C.5	Retaining and Noise Walls
The design of conventional, anchored, mechanically stabilized, and prefabricated modular retaining wall structures shall meet the requirements of LRFD Section 11.  Local agencies should consider using only wall types approved by the FDOT.  These are described in Section 3.12 of the SDG.  Local agencies should also follow the design criteria for retaining walls found in Section 3.13 of the SDG.	Comment by Krieger, Keith: Make underline blue
The design of noise walls should meet the requirements of the SDG, Section 3.16.  For noise walls within the clear zone, their design and/or protection should comply with the following:


· For noise walls attached to the top of traffic railings only use crash tested systems consistent with the design speed of the facility.  The FDOT has standards for TL-4 systems that meet the requirements of NCHRP Report 350 or the Manual for Assessing Safety Hardware (MASH).	Comment by Krieger, Keith: @Morris, Jacqueline check link	Comment by Morris, Jacqueline: @Krieger, Keith  Roadside Hardware Policy Memoranda and Guidance | FHWA (dot.gov)  updated	Comment by Krieger, Keith: Make underline blue
· Non-crash tested noise walls may be attached to structures if located behind an approved traffic railing and mounted at least five feet from the face of the traffic railing at deck level.
Potential existing off-site stormwater inflows through the proposed wall location should be verified in the field and considered in the wall design.  For railings on top of walls, see Section C.3.c. Railings.
[bookmark: _Toc72767060]C.6	Sign, Lighting, and Traffic Signal Supports
The design of sign, lighting, and traffic signal support structures shall meet the requirements of AASHTO’s LRFD Specifications for Structural Supports for Highway Signs, Luminaires and Traffic Signals, 1st Edition, with 2017, 2018, 2019 and 2020 Interim Revisions and the FDOT Structures Manual Volume 3 - FDOT Modifications to LRFD Specifications for Structural Supports for Highway Signs, Luminaires and Traffic Signals (LRFDLTS-1).	Comment by Krieger, Keith: Make all underlines blue	Comment by Krieger, Keith: @Morris, Jacqueline check link
[bookmark: _Toc72767061]C.7	Pedestrian Bridges
	For guidance on pedestrian bridges, see SDG Chapter 10.	Comment by Krieger, Keith: Make underline blue


[bookmark: _Toc72767062]D	CONSTRUCTION
During the construction of a bridge or any structure at, over, or near a public facility, safety awareness is necessary and precautions shall be taken to protect the public.  Provisions for protecting the public during construction shall be in accordance with the MUTCD (2009 Edition with Revision Number 1 and 2, May 2012) work zone traffic control procedures and the standards and criteria described in Chapter 11 – Work Zone Safety and Mobility.  Worker safety is the responsibility of the contractor.  Temporary barriers shall be installed on all bridges being widened or whose new construction is phased.  Spread of stormwater on the bridge deck should be considered in planning temporary traffic routing.	Comment by Krieger, Keith: Make underline blue	Comment by Krieger, Keith: @Morris, Jacqueline updated the chapter title
During the construction of a bridge or any structure, records to be kept and maintained throughout its life shall include foundation construction records (pile driving records, shaft tip elevations, borings) and as-built plans.  These records provide critical information necessary for future inspection, maintenance, emergency management, enhancement, reconstruction, and/or demolition of these structures.  These records shall be delivered to the FDOT’s local District Structures Maintenance Engineers.
Any proposed changes to the construction details or specifications shall be signed, sealed, and dated by a professional engineer licensed in the State of Florida.


[bookmark: _Toc72767063]E	ROUTINE INSPECTION AND MAINTENANCE
Title 23, Code of Federal Regulations, Part 650, Subpart C, sets forth the National Bridge Inspection Standards (NBIS) for bridges on all public roads.  Section 650.3 defines bridges, specifies inspection procedures and frequencies, and indicates minimum qualifications for personnel.  Each state is permitted to modify its bridge inspection standards to deviate from the NBIS standards but only following approval from the FHWA.
Section 335.074, F.S., mandates safety inspection of bridges.  Bridge inspectors shall be certified in accordance with Chapter 14-48, F.A.C.  Safety inspection of bridges shall be conducted in accordance with Chapter 14-48, F.A.C.	Comment by Krieger, Keith: @Morris, Jacqueline make underline BLUE
The FDOT inspects all bridges in Florida, both on-system and off-system and provides each local government with copies of its inspection reports.  Each local government should maintain these reports to be responsive to Metropolitan Planning Organization requests for bridge rehabilitation, replacement, or enhancement designations.  Please see the following for further information:  Bridge and Other Structures Reporting Manual 850-010-030.
All on-system and off-system bridges are assigned a Bridge Number by the FDOT.  For new bridges, local agencies shall contact the FDOT’s local District Structures Maintenance Engineers to have a number assigned.


[bookmark: _Toc72767064]F	BRIDGE LOAD RATING AND POSTING	Comment by Koos, MaryAnne: Post operating load.
Section 335.074, F.S. Safety Inspection of Bridges requires that bridges on a public transportation facility be inspected for structural soundness and safety at regular intervals.  The inspection shall consider age, traffic characteristics, state of maintenance, and known deficiencies of the bridge.  The governmental entity having maintenance responsibility for any such bridge shall be responsible for having inspections performed and reports prepared.
As required by Section 335.074, F.S., each inspection shall be reported to the FDOT, using the Bridge Load Rating Summary Table form shown in the FDOT Bridge Load Rating Manual.  Further information for preparing a bridge load rating summary and fillable form may be found on the FDOT’s Office of Maintenance, Bridge Load Rating  web site.	Comment by Krieger, Keith: @Morris, Jacqueline "FDOT" is not part of the link	Comment by Koos, MaryAnne: New form for bridge load ratings includes exclusion for federal emergency vehicles.
https://ops.fhwa.dot.gov/freight/sw/permit_report/index.htm

Upon receipt of an inspection report that recommends reducing the weight limit on a bridge, the governmental entity having maintenance responsibility for the bridge shall load post the bridge within 30 days in accordance FS 335.074(5).  Further requirements for reporting and posting of weight, size or speed limits on bridges are found in this statute, Section 316.555 F.S. Weight, load, speed limits may be lowered.  The appropriate signage shall be promptly installed in accordance with the MUTCD.
For new construction or reconstruction projects, the bridge owner is responsible for providing the FDOT with a load rating and completed Bridge Load Rating Summary Table within 90 days of opening for on-system bridges or 180 days for off-system bridges.  The bridge owner should consider requiring the engineer of record to perform the load rating.	Comment by Krieger, Keith: @Morris, Jacqueline there is a blank page after Section F in the no markup version 

[bookmark: _Toc72767065]
G	RECOMMENDATIONS	Comment by Krieger, Keith: @Morris, Jacqueline move up to eliminate blank page
· Involve the public in determining “the appropriate aesthetics based upon scale, color, and architectural style, materials used to construct the facility, and the landscape design and landscape materials around the facility…” (Section 336.045, F.S.).
· Consider the potential for future expansion of a bridge’s capacity (vehicular transit and pedestrian) in its layout and bridge-type selection.
· Use the FDOT’s objective construction unit prices (contained in the Structures Design Guidelines, Sections 9.2 and 9.3) to select bridge type(s) to consider for final design.
[bookmark: _Toc72767066]
H	REFERENCES FOR INFORMATIONAL PURPOSES
The publications referenced in this chapter can be obtained from the following websites.
· FDOT Publications may be found at:
http://www.fdot.gov/publications/	Comment by Krieger, Keith: Underline all links and make all BLUE
· AASHTO, all publications may be ordered from:
bookstore.transportation.org	Comment by Krieger, Keith: Check with DeWayne on this link
· FHWA “HEC-18” and “HEC-20” may be found at:
http://www.fhwa.dot.gov/engineering/hydraulics/library_listing.cfm
· 2006 Americans with Disabilities Act Standards for Transportation Facilities
https://www.access-board.gov/files/ada/ADAdotstandards.pdf	Comment by Krieger, Keith: @Morris, Jacqueline bullets should be black	Comment by Krieger, Keith: @Morris, Jacqueline check this link	Comment by Krieger, Keith: 
· 2017 Florida Accessibility Code for Building Construction
https://codes.iccsafe.org/public/document/FAC2017
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