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INTRODUCTION
1.1 GENERAL
A. The FDOT Structures Design Guidelines (SDG) is Volume 1 of the Structures

1.2

1.3

Manual. See the Structures Manual Introduction for additional information
including authority, scope, distribution and process for making revisions to the
Manual.

The SDG incorporates technical design criteria and includes additions, deletions, or
modifications to the requirements of the AASHTO LRFD Bridge Design
Specifications (LRFD).

This volume of the Structures Manual provides engineering standards, criteria, and
guidelines for developing and designing bridges and retaining walls for which the
Structures Design Office (SDO) and District Structures Design Offices (DSDO) have
overall responsibility.

. Information on miscellaneous roadway appurtenances as well as general

administrative, geometric, shop drawing, and plans processing may be found in the
FDOT Design Manual (FDM) Topic No. 625-000-002.

FORMAT

The SDG chapters are organized more by "component," "element," or "process" than
by "material" as is the LRFD. As a result, the chapter numbers and content of the
SDG do not necessarily align themselves in the same order or with the same number
as LRFD. LRFD references are provided to quickly coordinate and associate SDG
criteria with that of LRFD. The LRFD references may occur within article descriptions,
the body of the text, or in the commentary. See Table 1.3-1 for a cross reference of the
SDG to LRFD and Table 1.3-2 for a cross reference of the SDG to AASHTO LRFD-
Movable Highway Bridge Design Specifications. These cross references are
provided only as an aid to the Designer and are not necessarily a complete listing of
SDG and LRFD requirements.

Chapters 1 through 10 of the SDG are written in the active voice to Structural
Designers, Professional Engineers, Engineers of Record, Structural Engineers, and
Geotechnical Engineers working on either Conventional or Non-Conventional
projects for the Florida Department of Transportation.

Chapter 11 of the SDG is written in the active voice to Specialty Engineers,
Contractor's Engineers of Record and Prequalified Specialty Engineers working on
either Conventional or Non-Conventional projects for the Florida Department of
Transportation.

CROSS REFERENCES

See the following tables for cross references between the Structures Design
Guidelines and LRFD:
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Table I.3-1 Cross Reference between AASHTO LRFD & SDG

SECTION NO.
DESCRIPTION
LRFD SDG
1.34 2.10 Redundancy Factors
1.3.5 2.10 Operational Importance Factors
2522 46.2 Access and Maintenance
2526 1.2 Deflection and Span-to-Depth Ratios
2.6 3.3 Foundation Scour Design
2.6.6 6.6 Deck Drainage
3.41 2.1.1 Load Factors and Load Combinations
34.2 243 Wind Loads During Construction
3.4.1-2 4.6.5 Design Requirements for Cantilever Bridges with Fixed Pier Tables
3.5.1 2.2 Dead Loads
3.6 2.1.2 Live Loads
3.6.1.1.2 46.9 Transverse Deck Loading, Analysis & Design (Mult. Presence Factors)
3.6.1.2.2 46.9 Transverse Deck Loading, Analysis & Design (Axle Loads HL 93 truck)
3.6.1.2.3 46.9 Transverse Deck Loading, Analysis & Design (Axle Loads design
tandem)
3.6.1.2.5 46.9 Transverse Deck Loading, Analysis & Design (Tire Contact Area)
3.6.1.3.2 1.2 Deflection and Span-to-Depth Ratios
3.6.5 2.6 Vehicular Collision Force
3.8.1 241 Wind Loads on Completed Structures: WL and WS
3.10.9.2 2.3.2 Seismic Design for Widenings
3.12.2 2.7.1 Uniform Temperature
3.12.2 6.3 Temperature Movement
3.12.3 2.7.2 Temperature Gradient
3.14 21 Vessel Collision
3.141 2.11.8 Scour with Vessel Collision
3.14.3 2114 Design Methodology - Damage Permitted
3.14.4 211.3 Design Vessel
3.145.3 2.11.3 Design Vessel LOA
3.14.14 211.9 Application of Impact Forces
3.14.14.2 2.11.10 Impact Forces on Superstructure
46.2.2 2.8 Barriers and Railings
46.2.2 29 Live Load Distribution Factors
474 2.31 Seismic Provisions
5424 141 Concrete Modulus of Elasticity
54.3 41.2 Reinforcing Steel
54.5 4.5.11 Prestress (Strand Couplers prohibited)
554.3 4.1.3,4.3.4 | Girder Stability
5.6.7 5.6.5 Transverse Concrete Deck Analysis
5.7.3 41.4 Shear Design
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Table I.3-1 Cross Reference between AASHTO LRFD & SDG

SECTION NO.
DESCRIPTION
LRFD SDG
574 1.15 Interface Shear Transfer-Shear Friction
59.23.3 454 Principal Tensile Stresses (General)
5.9.2.3.2b 454 Principal Tensile Stress Limits (Service)
5.9.3.3 43.1.D.6 Pretensioned Beams (When calculating Service Limit State)
59.3.4 4.3.1.D.6 Pretensioned Beams (When calculating Service Limit State)
5.10.3 3.6.11 Minimum Reinforcement Spacing
5.10.6 424 Temperature and Shrinkage Reinforcement
5.10.1 142 Concrete Cover
5.12.1 4.2 Decks
51294 3.5.1 Prestressed Concrete Piles
5.12.9.5.2 3.6.11 Minimum Reinforcement Spacing
512.3.2.2 43.3 Minimum Web Thickness
5125 4.5 Post-Tensioning, General
512533 454 Principal Tensile Stress Limits (Construction)
5.12.5.3.4B 2.13.2 Substructures for Segmental Bridges
5.12.5.3.6 46.6 Creep and Shrinkage strains - Relative Humidity of 75%
5.12.2.3 4.4 Precast Flat Slab Superstructures
6.4.1 5.3 Structural Steel
6.4.3.1 5.4 Bolts
6.7.2 5.2 Dead Load Camber
6.7.3 5.5 Minimum Steel Dimensions
6.7.4 5.6.3 Cross Frames
6.7.4 5.7 Diaphragms and Cross Frames for "I-Girders"
6.7.5 5.6.4 Lateral Bracing
6.10.1.7 424 Minimum Negative Flexure Concrete Deck Reinforcement
6.10.11.1 5.8 Transverse Intermediate Stiffeners
6.10.11.2 5.9 Bearing Stiffeners
6.10.11.3 5.10 Longitudinal Stiffeners
6.13 5.11 Connections and Splices
6.13.2.8 5.11.1 Slip Resistance
6.13.3 5.11.2 Welded Connections
6.13.6.2 511.3 Welded Splices
9.7.1.3 429 Skewed Decks
9.7.2 424 Deck Design
9.7.2.4 4.2.4.A. Empirical Design Method for Category 1 Structures not staged.
9.7.2.5 424 Deck Design
9.7.3 424 Deck Design
10.5.5 3.5.7 Resistance Factors
10.5.5 3.6.4 Resistance Factors

-3
Structures Manual Home



Structures Design Guidelines

Introduction

Topic No. 625-020-018
January 2022

Table I.3-1 Cross Reference between AASHTO LRFD & SDG

SECTION NO.
DESCRIPTION
LRFD SDG
10.55 &6 3.8 Spread Footings
10.7.1.2 3.54 Minimum Pile Spacing and Clearances
10.71.4 3.5.8 Battered Piles
10.7.1.6.2 3.5.6 Downdrag
10.7.2.4 3.5.5 Horizontal Pile Foundation Movement
10.7.3.3 3.5.10 Anticipated Pile Lengths
10.7.3.8 3.5.12 Load Tests
10.7.3.8.6 3.5.13 Pile Driving Resistance
10.7.3.12 3.4 Lateral Load
10.7.6 3.5.9 Minimum Tip Elevation (Piles)
10.7.9 3.5.11 Test Piles
10.8.1.5 3.6.5 Minimum Tip Elevation (Drilled Shafts)
10.8.3.5.6 3.5.12 Load Tests
10.8.3.8 3.4 Lateral Load
10.8.3.9.3 3.6.11 Minimum Reinforcement Spacing
11.10 3.13.2 Mechanically Stabilized Earth Walls
11.10.1 3.13.2.D Bin Walls
11.10.2.1 3.13.2.E Minimum Length of Soil Reinforcement
11.10.2.2 3.13.2.F Minimum Front Face Wall Embedment
11.10.2.3 3.13.2.G Facing
11.10.5 3.13.2.H External Stability
11.10.6.3.2 3.13.2. Apparent Coefficient of Friction
11.10.6.4 3.13.2.J Soil Reinforcement Strength
11.10.64.4 3.13.2K Reinforcement/Facing Connection
11.5.1 3.13.2.B Minimum Service Life
13.7 6.7 Traffic Railing
13.7.2 6.7.6 Requirements for Test Levels 5 and 6
13.11 6.2 Curbs and Medians
14.4 6.4.2 Movement
14.5.1 6.4.1 Expansion Joint Design Provisions
14.5.3.2 6.4.2 Movement
14.6.2-1 6.5.1 Bearings - Design

Structures Manual Home




Structures Design Guidelines Topic No. 625-020-018
Introduction January 2022

Table 1.3-2 Cross Reference between AASHTO LRFD-MHBD & SDG

SECTION NO.
DESCRIPTION
LRFD-MHBD SDG
144 8.1.9 Movable Bridge Traffic Signals and Safety Gates
14.4.6.2 8.8.15 Navigation Lights
1.5 8.6.3 Span Balance
54 8.5.1 Requirements for Mechanical Drive Systems
54.2 8.5 Speed Control for Leaf-driving Motors
5.6 8.6.7 Brakes
6.4.1.4 8.6.11 Anchors
6.7.5 8.6.5 Open Gearing
6.7.6 8.6.4 Speed Reducers
6.7.7 8.6.10 Bearings (Sleeve and Anti-Friction)
6.7.8 8.6.1 Trunnions and Trunnion Bearings
6.7.9.3 8.6.8 Couplings
6.7.13 8.6.7 Brakes
6.7.15 8.6.12 Fasteners
6.8.1.2 8.6.2 Racks and Girders
6.8.1.3 8.6.1 Trunnions and Trunnion Bearings
6.8.1.5.1 8.6.6 Span Locks
7 8.5.2 Requirements for Hydraulic Drive Systems
7 8.7 Hydraulic Systems
7.5.5 8.7.1 Hydraulic Pumps
756 8.7.3 Control Components
7.9.1 8.74 Hydraulic Lines
8 8.8 Electrical
8.1 8.8.1 Electrical Service
8.3.8 8.8.19 Automatic Transfer Switch
8.3.9 8.8.18 Engine Generators
8.4 8.8.8 Electrical Control
8.4.1 8.8.11 Safety Interlocking
8423 8.8.9 Programmable Logic Controllers
8.4.4 8.8.10 Limit and Seating Switches
8.4.5 8.8.12 Instruments
8.4.6 8.8.13 Control Console
8.5 8.8.7 Alternating Current Motors
8.6 8.8.6 Motor Controls
8.9 8.8.2 Conductors
8.9.5 8.8.16 Electrical Connections between Fixed and Moving Parts
8.9.7 8.8.17 Electrical Connections across the Navigable Channel
8.11 8.8.5 Service Lights
8.12 8.8.3 Grounding and Lightning Protection
8.13 8.8.3 Grounding and Lightning Protection
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1 GENERAL REQUIREMENTS
1.1 GENERAL

This Chapter clarifies, supplements, and contains deviations from the information in
LRFD Sections 2, 5, and 6. These combined requirements establish material selection
criteria for durability to meet the 75-year design life requirement established by the
Department.

1.1.1 Design Review

See FDM 121 for definitions of Category 1 and Category 2 bridges and design review
responsibilities.

1.1.2 Substructure and Superstructure Definitions

See the substructure and superstructure definitions in the FDOT Standard
Specifications for Road and Bridge Construction, Section 1-3 Definitions, and note
the following:

A. Box culverts and bulkheads are substructures. Retaining walls, including MSE walls,
have their own environmental classification procedure.

B. Approach slabs are superstructure; however, Class Il Concrete (Bridge Deck) will be
used for all environmental classifications.

1.1.3 Clearances

A. Vertical Clearances

1. The vertical clearance of bridges over water is the minimum distance between the
underside of the superstructure and the normal high water (NHW) for navigable
water crossings or the mean high water (MHW) for coastal crossings. See FDM
260 for vertical clearance requirements over water. When applicable, vertical
clearance is measured at the inside face of the fender system.

2. The vertical clearance for grade separations over roads or railroads is the
minimum distance between the underside of the superstructure or substructure,
as applicable, and road or railroad. See FDM 260.

3. See SDG 8.1.4 for Movable Bridge clearance requirements.

4. For prestressed beam/girder superstructures, measure vertical clearance to a
chord drawn between the tops of the bearing pads/beveled bearing plates at their
centerlines as shown in Figure 1.1.3-1.

Commentary: The Department has encountered several projects where the theoretical
final camber of prestressed concrete beams was included in the vertical clearance
calculations. When the beams did not camber as predicted, which is not uncommon,
the resulting vertical clearance was deficient.
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Figure 1.1.3-1 Vertical Clearance Schematic for Prestressed
Beams/Girders
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B. Horizontal Clearances

1. Design all fixed bridges over navigable waterways to provide horizontal clearance
as required by the United States Coast Guard (USCG), the Army Corps of
Engineers and the Florida Inland Navigation District.

Modification for Non-Conventional Projects:

Delete SDG 1.1.3.B.1 and see the RFP for requirements.

2. See SDG 8.1.5 for Movable Bridge horizontal clearance requirements.

3. See SDG 3.14 for Fender System requirements.

4. See FDM 215 for roadside safety related clearance requirements for bridges over
roadways.

1.1.4 Bridge Height Classifications

FDOT classifications of bridges over water are based on the following vertical clearances:
A. Low Level: Less than 20-feet.

B. Medium Level: 20-feet or greater but less than 45-feet.

C. High Level: 45-feet or greater.
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1.1.5 Buy America Provisions

The Code of Federal Regulations, 23 CFR 635.410 requires that steel or iron products
(including coatings) used on Federal Aid Projects must be manufactured in the United
States. "Buy America" provisions are covered in FDOT Specifications Section 6-5 and
FDM 110.

1.1.6 ADA on Bridges

Sidewalks on bridges and approaches must comply with the Americans with Disabilities
Act (ADA) and Florida Accessibility Code. Generally, the maximum longitudinal slope of
sidewalks along any grade or vertical curve, including the effects of superelevation
transition, should be limited to 5%. Continuous handrails and landing areas are required
for the portions of sidewalks with longitudinal slopes in excess of 5%. Sidewalk cross-
slopes must not exceed 2%. See Structures Detailing Manual (SDM) SDM Chapter 18
for sidewalk and landing area details for use when longitudinal slopes exceed 5% and for
details of expansion joint treatments. See also ADA Standards for Transportation
Facilities, Section 405 (Ramps) and Section 505 (Handrails).

1.1.7 Target Service Life

If the structure target service life exceeds the LRFD 75-year design life, coordinate with
the State Materials Office to develop the required materials specifications and the SDO
for other related design and detailing requirements.

1.2 DEFLECTION AND SPAN-TO-DEPTH RATIOS (LRFD 2.5.2.6)

Satisfy either the Span-to-Depth Ratios in LRFD 2.5.2.6.3 or the criteria for deflection in
LRFD 2.5.2.6.2 and 3.6.1.3.2, except as follows:

A. For the design of bridges with pedestrian traffic or bridges where vehicular traffic is
expected to queue, the criteria for deflection in LRFD 2.5.2.6.2 and 3.6.1.3.2 are
mandatory.

B. For the design of bridges with framing systems that incorporate straddle piers or
where bearings are not directly beneath the beams or girders, the criteria for
deflection in LRFD 2.5.2.6.2 and 3.6.1.3.2 are mandatory.

C. For Flat Slab type bridges with a span to depth ratio up to 33, the deflection criteria
need not be checked.

D. For the structure types where deflection criteria are mandatory as identified above,
the deflection limits shall apply to all points within a span from coping to coping
accounting for the stiffness of the substructure and superstructure structural system.

Commentary: Whereas LRFD refers to deflection limits for simple and continuous spans,
the deflection limits also apply to more complex framing systems and support
conditions, e.q. straddle piers and integral framing systems where bearings are not
directly beneath the beams or girders.
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1.3 ENVIRONMENTAL CLASSIFICATIONS

1.3.1 General

A.

The District Materials Engineer or the Department's Environmental/Geotechnical
Consultant will determine the environmental classifications for all new bridge sites.
Environmental classification is required for major widenings (see definitions in SDG
Chapter 7) and may be required for minor widenings. This determination will be made
before or during the development of the Bridge Development Report (BDR)/30%
Plans Stage (see FDM 121) and the results will be included in the documents. The
bridge site will be tested, and separate classifications will be determined for both
superstructure and substructure.

Modification for Non-Conventional Projects:

Delete SDG 1.3.1.A and see the RFP for requirements.

B.

In the bridge plans "General Notes," include the environmental classification for both
the superstructure and substructure according to the following classifications:

1. Slightly Aggressive

2. Moderately Aggressive

3. Extremely Aggressive

For the substructure, additional descriptive data supplements the environmental

classification. After the classification, note in parentheses the source and magnitude
of the environmental classification parameters resulting in the classification.

Commentary: As an example, for a proposed bridge located in a freshwater swampy

D.

area where the substructure is determined to be in an Extremely Aggressive
environment due to low soil pH of 4.5 and the superstructure to be in a Slightly
Aggressive environment, the format on the bridge plans will be:

ENVIRONMENTAL CLASSIFICATION:
Substructure: Extremely Aggressive (Soil - pH = 4.5)
Superstructure: Slightly Aggressive

The substructure will not be classified less severely than the superstructure.

1.3.2 Classification Criteria (Rev. 01/22)

A.

Bridge substructure and superstructure environments will be classified as “Slightly
Aggressive”, “Moderately Aggressive”, or “Extremely Aggressive” environments
according to the following criteria and as shown in Figure 1.3.3-1. The superstructure
is defined as all components from the bearings upward. Conversely, every element
below the bearings is classified as substructure.
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B. Marine Structures: Structures located over or within 2,500-feet of a body of water
containing chloride above 2,000 ppm are considered to be marine structures and all
other structures will be considered non-marine structures. Only chloride test results
are required to determine if a structure is classified as marine. Results of chloride
tests for most locations are available on SharePoint at the following address:
http://smosp.dot.state.fl.us/sites/materials-str/districts/Lists/
Bridge%20Environmental%20Database/Default%20View.aspx

NOTE: Access to this database is currently limited to FDOT personnel only. Consultants
needing information from this database should contact the appropriate district office
for assistance.

Classify superstructure and substructure as follows:

1. For structures over or within 2,500-feet of a body of water with chloride
concentrations in excess of 6,000 ppm, both superstructure and substructure will
be classified as extremely aggressive.

2. For structures over any water with chloride concentrations of 2,000 to 6,000 ppm,
the substructure will be classified as extremely aggressive. Superstructures located
within the splash zone will be classified as extremely aggressive. Superstructures
located above the splash zone will be classified as moderately aggressive. See
SDG 1.4 for definition of splash zone.

3. For structures within 2,500-feet of any body of water with a chloride concentration
of 2,000 to 6,000 ppm, but not directly over the body of water, the superstructure
will be classified as moderately aggressive. The substructure will follow the non-
marine criteria in Table 1.3.2-1.

C. Non-Marine Structures: All structures that do not meet the criteria above are
considered non-marine structures.

1. Substructure: Classify all non-marine substructures in contact with water and/or
soil as follows:
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Table 1.3.2-1 Criteria for Substructure Environmental Classifications
g e Environmental . Steel Concrete
Classification Conditi Units - -
ondition Water | Soil | Water | Soil
Extremely pH <6.0 <50
Aggressive Cl ppm > 2,000 > 2,000
(If any of the_se SOy ppm N.A. >1,500 | > 2,000
conditions exist) [ Resistivity | Ohm-cm < 1,000 < 500
SIightIy pH >7.0 >6.0
Aggressive Cl ppm <500 <500
(If all of these SOy ppm N.A. <150 | <1,000
conditions exist) | Resistivity | Ohm-cm > 5,000 > 3,000

Moderately
Aggressive

This classification must be used at all sites not meeting requirements
for either slightly aggressive or extremely aggressive environments.

pH = acidity (-log4oH"; potential of Hydrogen), Cl = chloride content, SO, = Sulfate content.

2. Superstructure: Any superstructure located within 2,500-feet of any coal burning
industrial facility, pulpwood plant, fertilizer plant, or any other similar industry
classify as Moderately Aggressive. All others classify as Slightly Aggressive.

D. For MSE wall environmental requirements, see SDG 3.12.C. MSE wall environmental
requirements are partially based on air contaminants. See Standard Plans Index
548-020 for concrete class and cover requirements based on resulting FDOT Wall

Type.

E. Requirements for the use of uncoated weathering steel superstructures are as
follows. See also SDG 5.12.

1. Uncoated weathering steel superstructures may be used if the structure is located
4.0-miles or more from the coast or the intracoastal waterway (whichever is
closer) regardless of the superstructure environmental classification. Vertical and
horizontal clearances to a body of water shall comply with the following
requirements:

a. For structures over a body of water, the superstructure must be located above
the splash zone for a body of water with chloride concentrations less than
6,000 ppm and located at least 25-feet above mean or normal high water for a
body of water with chloride concentrations equal to or greater than 6,000 ppm.
See SDG 1.4 for definition of splash zone.

b. For structures adjacent to a body of water, the minimum horizontal clearance
shall be at least 25-feet from a body of water with chloride concentrations less
than 6,000 ppm and at least 100-feet from a body of water with chloride
concentrations equal to or greater than 6,000 ppm.

2. For structures located within 4.0-miles of the coast or the intracoastal waterway,
the use of uncoated weathering steel superstructures may be considered if site
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conditions, as determined by the State Materials Office, satisfy each of the
following criteria:

a. The maximum airborne salt deposition rate, as determined by ASTM Test
G140, is less than 5 mg/m2/day (measured over a 30-day period).

b. The maximum average concentration for SO,, as determined by ASTM Test
G91, does not exceed 60 mg/m2/day (measured over a 30-day period).

c. Yearly average Time of Wetness (TOW), as determined by ASTM Test G84,
does not exceed 60%.

Vertical and horizontal clearances to a body of water shall be site specific as
determined by the State Materials Office. At a minimum, steel superstructures
must be located above the splash zone.

Modification for Non-Conventional Projects:

Follow the requirements of SDG 1.3.2.E unless otherwise shown in the RFP.

1.3.3 Chloride Content (Rev. 01/22)

A.

To optimize the materials selection process, the Designer and/or District Materials
Engineer have the option of obtaining representative cores to determine chloride intrusion
rates for any superstructure within 2,500-feet of any major body of water containing more
than 6,000-ppm chlorides. The District Materials Engineer will take core samples from
bridge superstructures in the immediate area of the proposed superstructure. The
sampling plan with sufficient samples representing the various deck elevations will be
coordinated with the State Materials Office. The Corrosion Laboratory of the State
Materials Office will test core samples for chloride content and intrusion rates.

Commentary: Generally, all superstructures that are within line-of-sight and within 2,500-

feet of the Atlantic Ocean or the Gulf of Mexico are subject to increased chloride
intrusion rates on the order of 0.016 Ibs/cy/year at a 2-inch concrete depth. The
intrusion rate decreases rapidly with distance from open waters and/or when
obstacles such as rising terrain, foliage or buildings alter wind patterns.

Modification for Non-Conventional Projects:

Delete SDG 1.3.3.A and see the RFP for requirements.
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B. After representative samples are taken and tested, Table 1.3.3-1 will be used to
correlate the core results (the chloride intrusion rate in Ibs/cy/year at a depth of

2-inch) with the classification.
Table 1.3.3-1

Chloride Intrusion Rate/Environmental Classification

Chloride Intrusion Rate

Classification

> 0.016 Ibs/cy/year

Extremely Aggressive

< 0.016 Ibs/cy/year

Moderately Aggressive

See Figure 1.3.3-1 Flow Chart for determining Environmental Classification.

Figure 1.3.3-1 Flow Chart for Environmental Classification of Structures

Abbreviations:
CL = Chloride
ppm = parts per million

Marine
Structure

structure over
or within 2,500 ft of a

Non- Marine
Structure

superstructure
within 2500 ft of

CL > 6,000
Yes
superstructure
<4—No above the Yes
splash zone?
Yes
\ 4 ‘
Superstructure Superstructure
Extremely Moderately
Aggressive and Aggressive and
Substructure Substructure
Extremely Aggressive || Extremely Aggressive

No

industrial
facility?

Is the
structure
over
water?

No

v y

Superstructure Slightly
Aggressive and go to
Table 1.3.2-1 for
Substructure
Classification

Superstructure Moderately
Aggressive and go to
Table 1.3.2-1 for
Substructure Classification

1.4 CONCRETE AND ENVIRONMENT (LRFD 5.14.1)

141 General

A. Use K4 = 1.0 as the correction factor when calculating the Modulus of Elasticity in

LRFD 5.4.2.4. Use w, = 0.145 Kcf.
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Commentary: These values are based on the use of Florida limerock aggregate. The K4

factor has been revised to be consistent with new Modulus of Elasticity equations in
the LRFD 2015 Interims.

Modification for Non-Conventional Projects:

Delete SDG 1.4.1.A and insert the following:

A. If Florida limerock coarse aggregate or other similar limerock aggregate is used in
design, use K4 = 1.0 as the correction factor when calculating the Modulus of
Elasticity in LRFD 5.4.2.4. For concrete made with limerock coarse aggregate, use
w, = 0.145 Kcf.

B. Use the following reinforcing steel for concrete design:
« ASTM A615, Grade 60 deformed carbon-steel bar;
« ASTM A1064, Grade 75 deformed welded wire reinforcement (WWR).
Use the following steel reinforcing for concrete design with prior approval from the SDO:
« ASTM A615, Grades higher than Grade 60;

» ASTM A955 Grade 60 or 75, or ASTM A276, UNS S31603 or S31803 deformed
stainless steel bar;

+ ASTMA1035, Grade 100 deformed low-carbon chromium steel bar. Do not consider
the use of this reinforcing steel as adding any additional resistance to corrosion.

Specify the required type and grade of reinforcing steel in the Plans. See SDM 5.2.

Modification for Non-Conventional Projects:

Delete SDG 1.4.1.B and insert the following:

B. Use the following reinforcing steel for concrete design unless otherwise shown in the
RFP:

1. ASTM A615, Grade 60 deformed carbon-steel bar;
2. ASTM A1064, Grade 75 deformed welded wire reinforcement (WWR).
Specify the required type and grade of reinforcing steel in the Plans. See SDM 5.2.

C. Do not specify epoxy coated reinforcing steel.

Commentary: The epoxy coated reinforcing steel issues encountered by the Department
in the 1980s (gap manufacturing defects in the coating and delamination of the
coating at bend locations) have since been minimized; however, other concerns still
remain such as lack of steel passivation from contact with the concrete and spalling
from localized blooms of corrosion, which are caused by coating damage from
transportation, handling and installation.
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D. The use of lightweight concrete for structural applications requires prior SDO approval.

Modification for Non-Conventional Projects:

Delete SDG 1.4.1.D and insert the following:

D. Lightweight concrete is not permitted for use in pretensioned or post-tensioned
components.

E. Do not specify aluminum items (coated or uncoated) to be embedded in concrete
components.

Commentary: Aluminum reacts with alkalis in the cement producing hydrogen gas.
Additionally, there have been fatigue issues with aluminum expansion joints.

1.4.2 Concrete Cover (Rev. 01/22)
Delete LRFD 5.10.1 and substitute the following requirements:

A. The requirements for concrete cover over carbon-steel reinforcing are listed in SDG
Table 1.4.2-1. Examples of concrete cover are shown in Figures 1.4.2-1 through
1.4.2-6. The covers shown are applicable to permanent components, and temporary
components that will remain in the completed structure, e.g., stay in place forms. See
Volume 4 - Fiber Reinforced Polymer Guidelines for concrete cover over FRP
reinforcing.

Commentary: Cover requirements are based on successful past practices, construction
tolerances, concrete placement considerations and concrete class.

Figure 1.4.2-1 End Bent (All Environments)

3" Cover (S&M); 4" Cover (E)
(External Surfaces Formed) (Typ.)

| |
| |
| I
1 |
| |
| I
| I
| |
_____ o L
|
|
|
|
|
|
|

="

| |

} }
NOTE:

S = Slightly Aggressive Environment
M = Moderately Aggressive Environment
E = Extremely Aggressive Environment N

END BENT
(ALL ENVIRONMENTS)

4" Cover (S&M); 414" Cover (E)
(External Surface Cast against Earth)
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Figure 1.4.2-2 Piers (All Environments) (1 of 3)

3" Cover (S&M);
(Extgrna/ Surfaces ' 4" Cover (E)
Partially or Completely in 1 (External Surfaces not
Water) in contact with water)
4" Cover (S&M) Mean Low
415" Cover (E) Water
2 — — (M.L.W.)
r—=— ——
] T T \ —_—
| | \ \ 1'-0"
/ / \ \
NOTE: [ 1
S = Slightly Aggressive Environment \\
M = Moderately Aggressive Environment Seal
E = Extremely Aggressive Environment Concrete
PIER IN WATER
(ALL ENVIRONMENTS)

Figure 1.4.2-3 Piers (All Environments) (2 of 3)

3" Cover (S&M);

4" Cover (E)

(External Surfaces not
in contact with water)

(External Surfaces Partially
or Completely in Water) T

4" Cover (S&M) F=—_ ——-" Mean Low
7% Cover (E) | i r \ /Watef
I / \ \ (M.L.W.)
I / \ \
NOTE: [i T \ \ —
S = Slightly Aggressive I’ l’ ‘\ ‘\ I-0"
Environment
= Moderately Aggressive | I / /
Environment \ Seal
E = Extremely Aggressive Concrete
Environment 4" Cover (S&M)

415" Cover (E)

PIER SUBJECT TO VESSEL COLLISION IN WATER
(ALL ENVIRONMENTS)

Structures Manual Home




Structures Design

Guidelines Topic No. 625-020-018

1 - General Requirements January 2022

Figure 1.4.2-4 Piers (All Environments) (3 of 3)

-

Ground
/ Line

KK
- 3" Cover (S&M);
4" Cover (E)
(External Surfaces
Formed)
3" Cover (S&M);
4" Cover (E)
(External Surfaces
Formed)
r———1 |

S5 = Slightly Aggressive Environment N

M = Moderately Aggressive Environment 4" Cover (S&M)

E = Extremely Aggressive Environment 415" Cover (E)
(External

Surfaces cast
against earth)

PIER ON LAND
(ALL ENVIRONMENTS)

Figure 1.4.2-5 Pier Cap and Intermediate Bent (All Environments)

3" Cover (S&M

Formed) (Typ.)

); 4" Cover (E)

(External Surfaces 2" Cover (Top of 2" Cover (Top & Sides

Pedestals) (Typ.) — of Pedestals) (Typ.)—
X ;

M
E

S = Slightly Aggressive Environment
Moderately Aggressive Environment PEDESTAL PEDESTAL

Extremely Aggressive Environment

=1 [ r—" ==
| | } } | | | |
3" Cover (S&M);
4" Cover (E)
(External
. Surfaces
Ground Line
or Water E/ev.—\ Formed) (Typ.)
NOTE: ELEVATION SECTION SECTION
W/ FLUSH W/ SETBACK

INTERMEDIATE BENT SHOWN, PIER CAP SIMILAR
(ALL ENVIRONMENTS)
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Figure 1.4.2-6 Cast-in-Place Deck / Beam Supported Superstructure
(All environments)

2" Cover 2" or 24" C.I.P. Deck
Bottom Cover (Typ.) (Beam Supported)
(See Table 1.4.2-1)
T
+=—=- -——F
~ | | =
1_4 [
| |
| |
+-1 -t
| | 2" Cover
2" Cover* : :
| |
+-1 =t
< | | =
¢ Intermediate > Cover

I
Bent or Pier \__—i
1

* Where diaphragms '
are required.

CAST-IN-PLACE DECK
BEAM SUPPORTED SUPERSTRUCTURE
(ALL ENVIRONMENTS)

B. When deformed reinforcing bars are in contact with other embedded items such as
post-tensioning ducts, the actual bar diameter, including deformations, must be taken
into account in determining the design dimensions of concrete members and in
applying the design covers of Table 1.4.2-1.
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Table 1.4.2-1 Concrete Cover

Component (Precast and Cast-in-Place)

Concrete Cover (inches)

SorMm!

E1

Superstructure

All internal and external surfaces (except riding surfaces) of
segmental concrete boxes, and external surfaces of
prestressed beams (except the top surface)

Top surface of beam top flange

% (min.)

Top deck surfaces: Short Bridges2

Top deck surfaces: Long Bridge2

2143

All components and surfaces not included above (including
wall copings and traffic and pedestrian railings which are not
allowed to be constructed using the slip forming method)

Front and back surfaces of pedestrian railings and traffic
railings, other than single-slope traffic railings, which may be
constructed using the slip forming method

Front and back surfaces of single-slope traffic railings which
may be constructed using the slip forming method

2%

Noise Wall Posts and Panels

Precast Concrete Perimeter Wall Posts and Panels

1%

Substructure

External surfaces cast against earth and surfaces in contact
with water (excluding Drilled Shafts)

4%

Exterior formed surfaces, columns, and tops of footings not
in contact with water and all components or surfaces not
included elsewhere

Internal surfaces

Beam/Girder Pedestals, Cheekwalls & MSE Wall Interface
Lugs

Prestressed Piling

Spun Cast Cylinder PiIing4

Drilled Shafts

Auger Cast Piles

AOINW N (W

Micropiles

Retaining Walls (Excluding MSE walls® and external
surfaces cast against earth)

Box and Three-sided Culverts

Bulkheads

4

AOWON -

. S = Slightly Aggressive; M = Moderately Aggressive; E = Extremely Aggressive.

. See Short & Long Bridge Definitions and exempted bridge types in SDG Chapter 4.
. Cover dimension includes a 0.5-inch allowance for planing; see SDG 4.2.2.
. Concrete for spun cast cylinder piling to be used in an extremely aggressive environment

must have a documented chloride ion penetration apparent diffusion coefficient with a
mean value of 0.005 in®/year or less, otherwise 3-inch concrete cover is required. See

SDG 3.5.18 for further limits on splicing of these piles.
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5. See SDG 3.13 for MSE wall cover requirements.

1.4.3 Class and Corrosion Protection (Rev. 01/22)

The "General Notes" for both bridge plans and wall plans require the clear identification
of, and delineation of use for, concrete class and corrosion protection used for strength
and durability considerations.

The splash zone is defined as the vertical distance from 4-feet below MLW to 12-feet
above MHW and/or areas subject to wetting by personal watercraft (e.g., jet skis) or
other activities and features.

Commentary: Personal watercraft often have a visibility spout as a safety feature,
shooting a pressurized stream of water vertically into the air making them more
visible to operators of larger watercraft. Several bridges have experienced significant
corrosion due to personal watercraft spraying chloride water onto the underside of the
bridge.

A. Use the class of concrete as shown in Table 1.4.3-1 for a given component or usage
based on the environmental classification unless otherwise directed or approved by
the Department.

Modification for Non-Conventional Projects:

Delete SDG 1.4.3.A and substitute the following:

A. Unless otherwise shown in the RFP, use the class of concrete as shown in Table
1.4.3-1 for a given component or usage based on the environmental classification, or
a higher class of concrete required for the same component or usage located in a
more aggressive environment.

Table 1.4.3-1 Structural Concrete Class Requirements

Environmental Classification

Component or Usage Slightly Moderately | Extremely
Aggressive | Aggressive | Aggressive

Cast-in-Place

()

3 (other than Bridge Decks) Class Class IV

S Cast-in-Place Bridge Deck Class Class IV

-3 (Including Diaphragms)| (Bridge Deck)

@ Approach Slabs Class Il (Bridge Deck)

5 Class llI, IV, V.,

n Precast or Prestressed o Class IV, V, Vl or VIl
VI or VII
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Table 1.4.3-1 Structural Concrete Class Requirements

Environmental Classification

Component or Usage Slightly Moderately | Extremely
Aggressive | Aggressive | Aggressive

Cast-in-Place
(except as listed below)

Precast or Prestressed| Class i, IV, V,

Class Il Class IV Class IV or V

‘% (other than piling) Vlor Vi Class IV, V, Vlor Vi
Lé Cast-in-Place Columns Class Il Class IV
- located directly in splash zone
2 Piling Class V (Special), VI or VI
* Drilled Shafts Class IV (Drilled Shafts)
Retaining Walls| Class Il or Il | Class IV
Seals Class Il (Seal)

See Table 1.4.3-2 for minimum 28-day compressive strengths.
B. For design, use the minimum 28-day compressive strengths given in SDG Table 1.4.3-2.

Modification for Non-Conventional Projects:

Delete SDG 1.4.3.B and replace with the following.
B. Limit concrete compressive design strength to 10 ksi.

Table 1.4.3-2 Concrete Classes and Strengths

Class of Concrete Minimum 28-Day Compressive Strength (ksi)
Class 3.4
Class Il (Bridge Deck) 4.5
Class Il 5.0
Class lll (Seal) 3.0
Class IV 55
Class IV (Drilled Shaft) 4.0
Class V (Special) 6.0
Class V 6.5
Class VI 8.5
Class VI 10.0

C. Corrosion Protection: Structural components located in Moderately or Extremely
Aggressive environments utilize Class IV, V, V (Special), VI or VII Concrete. These
concrete classes require the use of highly reactive pozzolans and/or cement type to
reduce permeability. Specify the use of highly reactive pozzolans as shown in Table
1.4.3-3.

The use of other corrosion protection measures to enhance durability must be
consistent with the strategies outlined in Table 1.4.3-3. The Engineer of Record may
request additional measures to be approved by the State Materials Office and the
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District Structures Design Engineer. Technical Special Provisions may be required for

their implementation.

Modification for Non-Conventional Projects:

Delete the second paragraph of SDG 1.4.3.C.

Table 1.4.3-3 Corrosion Protection of Concrete Components

Location/Environment

Component

Corrosion Protection

Superstructure in
Extremely Aggressive
Marine Environment

Pretensioned concrete
beams and other
components located within
the splash zone. See SDG
4.3.1.

Decks exposed to chloride
water spilling from trailered
boats due to nearby ramps
or beach access

Coordinate with the State
Materials Office and the
DSDE for guidance on
design mix requirements,
cover and which alternative
reinforcing materials are
best suited for the project
demands.

Substructure in Extremely
Aggressive Marine
Environment

Piles of pile bents with
carbon or stainless steel
strand, spirals and/or

reinforcing’. See SDG
Table 3.5.1-1

Pile bent caps with
stainless steel reinforcing.
See SDG 3.1

Substructure elements
located within the splash
zone

Retaining walls, including

MSE walls? located within
the splash zone and within
50-feet of the shoreline

Highly reactive pozzolans
required

Footings and drilled shafts

Highly reactive pozzolans
not required

Substructure in Extremely
Aggressive Environments
due to pH less than 5

Piles of pile bents

Substructure elements,
located in soil or water with
low pH

Retaining walls, including

MSE walls? located in the
water and within 50-feet of
the high waterline

Highly reactive pozzolans
required
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Table 1.4.3-3 Corrosion Protection of Concrete Components

Location/Environment Component Corrosion Protection

Moderately Aggressive
Environments not required

Any component with

stainless steel strand or Highly reactive pozzolans

reinforcing

1. See Standard Plans Index 455-001 and 455-101 for more detail on corrosion protection
of piles.

2. See Standard Plans Index 548-020 “FDOT MSE RETAINING WALL

CLASSIFICATION TABLE” for more detail on corrosion protection of MSE walls.

Modification for Non-Conventional Projects:

Delete the entire first row of SDG Table 1.4.3-3 (Superstructure in Extremely Aggressive
Marine Environment) and see the RFP for requirements.

Commentary: To properly identify the concrete corrosion protection in the Plans, the

corrosion protection shall be listed in the General Notes adjacent to the Concrete
Class. For example, a bridge located in an extremely aggressive marine environment
that has substructure components within the splash zone, the splash zone upper limit
is El. 12.3. The EOR would specify the corrosion protection adjacent to the concrete
class in the General Notes as follows:

Min. 28-day Location of Concrete in
Concrete Class Compressive Strength
) Structure
(psi)
v 5,500 C.I.P. Substructure (UNO)
IV with highly reactive 5500 C.I.P. Columns and Caps
pozzolans ’ whose portion is below El. 12.3

1.4.4 MASS CONCRETE (Rev. 01/22)

A.

Consider Mass Concrete requirements in selecting member sizes and avoid Mass
Concrete if practical; however, when its use is unavoidable, indicate which portions
are Mass Concrete.

Mass Concrete is defined as: "Any large volume of cast-in-place or precast concrete
with dimensions large enough to require that measures be taken to cope with the
generation of heat and attendant volume change so as to minimize cracking."

Criteria for Denoting Mass Concrete in Plans.

1. All Bridge components Except Drilled Shafts and Segmental Superstructure Pier
and Expansion Joint Segments: When the minimum dimension of the concrete
exceeds 3-feet and the ratio of volume of concrete to the surface area is greater
than 1-foot, provide for mass concrete.
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a. The surface area for this ratio includes the summation of all the surface areas
of the concrete component being considered, including the full underside
(bottom) surface of footings, caps, construction joints, etc.

b. Volume and surface area calculations are in units of feet.

c. Assume a homogeneous section when calculating the volume and surface
area for end bents and pile caps. Do not reduce the volume or increase the
surface area due to the presence of piles.

2. Drilled Shafts: All drilled shafts with design diameters greater than 6-feet shall be
designated as mass concrete.

3. Segmental Superstructure Pier and Expansion Joint Segments: Provide for mass
concrete when design concrete strengths greater than 6,500 psi are used
regardless of the ratio of volume to surface area. For design concrete strengths
less than or equal to 6,500 psi, provide for mass concrete when the ratio of
volume to surface area is greater than 1-foot. Consider interior core volume and
use only the surface area exposed to air. Do not include wings, as well as flange
or web extensions beyond the core. Make no deductions for post-tensioning
ducts, minor utilities less than 6-inches diameter, etc. See Appendix 1B for a
representation of the "interior core" (shown in red) to be considered. For cases
when typical precast segments are used as a form "shell" for cast-in-place
diaphragm core concrete, do not consider the "shell" concrete dimensions in
determining the ratio. Consider only the monolithically-poured core concrete limits
for volume and the surface area of that volume that is exposed to air.

Commentary: The intent is to consider the full volume of monolithically-poured concrete
contributing to heat of hydration, neglecting the large surface area regions in the outer
extremities that would tend to unconservatively skew the calculation. Also, neglecting
the core surface area not directly exposed to air is a conservative assumption
accounting for the fact that these regions are partially insulated by the adjacent concrete.

The volume to surface ratio is not used to determine if mass concrete provisions are
necessary for pier and expansion joint segments when design concrete strengths
greater than 6,500 psi are used. Instead, all such segments are assumed to be
constructed of mass concrete because of the potential for the development of higher
heat of hydration temperatures that are associated with higher strength concrete mixes.

4. Straddle and Integral Pier Caps: Provide for mass concrete when design concrete
strengths greater than 6,500 psi are used regardless of the ratio of volume to
surface area. For design concrete strengths less than or equal to 6,500 psi,
provide for mass concrete when the ratio of volume to surface area is greater than
1-foot.

Commentary: These requirements are based on those used for segmental
superstructure pier and expansion joint segments. See also Commentary above.

D. Take precautionary measures to reduce concrete cracking in large volumes of
concrete. To prevent or control cracking in Mass Concrete, analyze the placement of
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construction joints and reinforcing steel. Refer to other methods as outlined in
ACI PRC-207, ACI PRC-224, and ACI PRC-308.

E. For estimated bridge pay item quantities, include separate pay item numbers for
Mass Concrete (Substructure) and Mass Concrete (Superstructure). Do not consider
seal Concrete as Mass Concrete.

Modification for Non-Conventional Projects:

Delete SDG 1.4.4.E.

1.4.5 Concrete Surface Finishes

A. The use of a Class 2 Surface Finish is preferred for all concrete elements except for
bridge decks and concrete approach slabs. Textures, striations and/or graphics that
are compliant with Department requirements may be used where appropriate at the
discretion of the EOR for all structures other than noise, perimeter and retaining
walls. Approval by the District Design Engineer (DDE) is required for the use of
textures or graphics other than those shown in Standard Plans Index 534-200 for
retaining walls and noise walls. Allowable textures for the front face of perimeter walls
are limited to those used for commercially and readily available masonry blocks. The
back face of masonry blocks and precast wall panels used for perimeter walls shall
be smooth. Class 5 coatings, tints or stains may be considered for concrete elements
as described in Paragraphs B and C below.

B. Approval by the DDE is required for the use of Class 5 coatings, tints or stains on
bridges and noise, perimeter and retaining walls.The use of Class 5 coatings, tints or
stains on the outside of concrete traffic railings and parapets mounted on bridges and
retaining walls (i.e. traffic railing surfaces that are visible from a vantage point off of
the bridge) are typically considered when enhanced aesthetic treatments are required
because of their close proximity to and/or high visibility from important or popular
locations with the following land uses: historical, tourism, commercial, recreational or
residential. The use of Class 5 coatings, tints, and stains on median traffic railings
and the inside and top surfaces of outside shoulder traffic railings and parapets
mounted on bridge and retaining walls require additional justification when seeking
approval by the DDE (Class 5 coatings have shown to collect debris and mildew
faster on these surfaces due to traffic proximity). All noise walls in non-urban
locations and all structures not specifically listed above are typically not considered
candidates for the use of Class 5 coatings, tints, or stains. See FDM 215 for the
companion policy on the use of Class 5 coatings, tints and stains on roadway
concrete barrier walls.

Commentary: The use of a Class 5 coating should be thoughtfully considered. Class 5
coatings have shown to collect debris and mildew faster due to the coarse texture
resulting in a diminished appearance of the structure, especially for surfaces that are
more directly exposed to traffic (median traffic railings and the inside and top surfaces
of outside shoulder traffic railings). The Class 2 Surface Finish is preferred by the
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E.

Department as it results in a more aesthetic appearance of the structure during its
entire service life, typically requiring no maintenance.

The Department will cover the cost for coatings, tints or stains on bridges and noise,
perimeter and retaining walls only as described above. If a Local Maintaining Agency
desires a bridge or noise, perimeter or retaining wall with coatings, tints or stains and
the structure does not qualify for such treatment as determined by the Department,
the structure may be treated with approval by the District Secretary. The Local
Maintaining Agency shall provide the additional construction funding for the coatings,
tints or stains and shall commit to cover the associated maintenance costs for the
service life of the structure.

Determine the need for sacrificial or non-sacrificial anti-graffiti coatings based on project
specific requirements. Use anti-graffiti coatings on the back face of noise or perimeter
walls only if the back face of the wall is immediately adjacent to a public or common
area.Coordinate the use of anti-graffiti coatings on other structures and/or in other
locations with the District Maintenance Office.

See also SDM 4.4 for examples of how to depict surface finish requirements in the plans.

Modification for Non-Conventional Projects:

Delete SDG 1.4.5 and see the RFP for requirements.

1.5 EXISTING HAZARDOUS MATERIAL (Rev. 01/22)

A.

Survey the project to determine if an existing structure contains hazardous materials
such as lead-based paint, asbestos-graphite bearing pads, asbestos-cement drain
pipes (scuppers), other asbestos-containing materials, etc. Information will be
provided by the Department or by site testing to make this determination. Coordinate
with the District Contamination Impact Coordinator.

Modification for Non-Conventional Projects:

Delete first sentence of SDG 1.5.A and see the RFP for requirements.

B.

If lead based paint or asbestos containing materials exist anywhere on the existing
structure, indicate on the plans that the structure contains lead based paint or
asbestos containing materials, as appropriate, for the purpose of triggering the
protection, or removal and disposal requirements in the Specifications.

Commentary: Previous FDOT Standards and Specifications called for the use of lead based

paint beneath bearing plates on both steel and concrete bridges and on steel members
prior to erection and adjacent concrete placement. This paint has not been removed
during subsequent repainting or maintenance operations because it is encapsulated in
concrete or is located between faying surfaces.

Previous FDOT Standards allowed the use of asbestos-cement (transite) pipes for
some bridge deck scuppers. These pipes may exist in some older bridges.
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C.

When an existing structure has been identified as having hazardous material,
develop adequate abatement plans and provisions for worker safety, handling,
storage, shipping, and disposal of the hazardous material. If proposed work will
disturb identified hazardous materials, include in the project documents, protection,
handling, and disposal requirements.

When a project involves hazardous materials, the FDOT design project manager will
provide assistance in preparing the construction documents and the technical special
provisions for handling and disposal of hazardous materials. Asbestos abatement
plans must be developed by licensed asbestos consultants using the National Institute
of Building Sciences (NIBS) Model Guide Specifications for Asbestos Abatement
and Management in Buildings.

Modification for Non-Conventional Projects:

Delete first sentence of SDG 1.5.D and see the RFP for requirements.

E.

See also FDM 110.5.2.

1.6 POST-INSTALLED ANCHOR SYSTEMS

1.6.1 General

A.

Post-Installed Anchor Systems are used to attach new construction to structurally
sound concrete. Post-Installed Anchor Systems shall be limited to:

1. Adhesive Bonded Anchor Systems with adhesive bonding material listed on the
Department's Approved Products List (APL).

2. Undercut Anchor Systems as approved on a project-by project basis by the
District Structures Design Engineer and the State Structures Design Engineer.

Delete LRFD 5.13. Design criteria and specific usage limitations for these anchor
systems are provided in the following sections.

Specify either an Adhesive Bonded Anchor System or an Undercut Anchor System
based on the specific usage limitations contained herein, product availability,
installation and testing requirements, construction sequence and potential associated
traffic control requirements, and all associated costs.

Commentary: Consider the adhesive bonding material cure time required between

installation and field testing of adhesive bonded anchors when developing
construction sequence and/or traffic control plans.

For pre-approved adhesive bonding material systems, refer to the APL. Comply with
Section 937 of the Specifications. Require that Adhesive Bonded Anchors be installed
in accordance with manufacturer's recommendations for hole diameter and hole cleaning
technique and meet the requirements of Section 416 of the Specifications.

When using Undercut Anchors, the designer must submit a request to the District
Specifications Office to use Developmental Specifications Dev416 and Dev937 for
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Post-Installed Anchor Systems which includes provisions for both Adhesive Bonded
Anchors and Undercut Anchors.

Modification for Non-Conventional Projects:

Delete SDG 1.6.1.A.2 and SDG 1.6.1.D. If undercut anchors are used, then
Developmental Specifications 416 and 937 will be incorporated.

1.6.2 Adhesive-Bonded Anchors and Dowels Systems (Rev. 01/22)

A. Adhesive Bonded Anchor Systems consist of adhesive bonding material and steel
bar anchors installed in clean, dry holes drilled in hardened concrete. Anchors may
be deformed reinforcing bars or threaded rods depending upon the application.
Except where specifically permitted by the Structures Manual or Standard Plans,
do not use Adhesive Bonded Anchor Systems to splice with existing reinforcing bars
in either non-prestressed or prestressed concrete applications unless special testing
is performed and special, proven construction techniques are utilized.

Commentary: Installation of Adhesive Anchor Systems in saturated, surface-dry holes;
i.e., holes with damp surfaces but with no standing water, is not pre-approved or
recommended by the Department. However, in the event such a condition is
encountered during construction, the Department may consider approving continued
installation, but only on an adjusted, case-by-case basis. The damp hole strength of
products on the APL has been determined to be approximately 75% of the required
dry hole strength.

B. Adhesive Bonded Anchor Systems meeting the Specifications and design
constraints of this article are permitted only for horizontal, vertical downward, or
downwardly inclined installations. Overhead or upwardly inclined installations of
Adhesive Bonded Anchors are prohibited. Do not use Adhesive Bonded Anchor
Systems for traffic railing anchorages on new construction or other installations with a
combination of predominately sustained tension loads and/or lack of structural
redundancy. Predominantly sustained tension loads are defined as load
combinations where the permanent component of the factored tension load exceeds
30% of the factored tensile resistance for Type HV adhesives. Do not use Adhesive
Bonded Anchor Systems for any application where any of the Service Limit States
result in tension loading of the adhesive. Do not use Adhesive Bonded Anchor
Systems in the foundation anchorage of sign, signal or lighting support structures. For
prestressed pile splices, refer to Section 455 of the Specifications for adhesive
bonded dowel requirements.

C. Unless special circumstances dictate otherwise, design Adhesive Bonded Anchor
Systems for a ductile failure. A ductile failure requires embedment sufficient to ensure
that failure will occur by yielding of the steel. In order to produce ductile failure, the
following embedments may be assumed:

1. For Anchors in Tension: The embedment length necessary to achieve 125% of the
specified yield strength or 100% of the specified tensile strength, whichever is less.
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2. For Anchors in Shear: An embedment equal to 70% of the embedment length
determined for anchors in tension.

D. In circumstances where ductile failure is not required, the design may be based upon

the design strength of either the steel anchor or the adhesive bonding material,
whichever is less.

Commentary: Characteristics to consider when determining when a ductile failure is not

required, include:

1. The amount of over-strength resistance provided beyond the factored design
loads by the anchorage system;

2. Potential ductile failure of multiple members within the load path preempting
failure of the anchorage system;

3. The number of anchors provided that may result in alternative system level
redundancy;

4. The inherent value of a ductile failure mode to provide advance warning of an
impending failure by excessive deflection or redistribution of loads;

5. The dominate failure mode, tension, shear or creep.

6. 36" Single-Slope traffic railing retrofits, utilizing reinforcing configurations
substantially similar to Standard Plans Index 521-427, need only meet the 12 kip
design strength of the steel anchor, except that the adhesive bonding material
strength for the tension reinforcing within 3-feet of an open joint should meet
125% of the yield strength. This recommendation is based on test results from
FHWA/TTI Report No. 05/9-8132-3 (March, 2005).

Use Type HV for the design of Adhesive Bonded Anchors for structural applications.

Only use Type HSHV adhesive bond strengths for the design of traffic railing retrofit

anchorages where anchors will be installed in the vertical downward position and not
subjected to sustained loading.

Commentary: Type HSHV adhesives are only intended for use in traffic railing retrofit

F.

applications where the use of through bolting, undercut anchors or threaded inserts is
not practical and the predominant loading is from very short term loading under
vehicular impact. The creep test and horizontal installation requirements for accepting
Type HSHV and Type HV adhesives are the same, therefore lower bound bond
strength (Type HV) shall be used for designs with sustained loading or horizontal
installations.

Notation

The following notation is used in this Article:

A

= effective tensile stress area of steel anchor (shall be taken as 75% of the

e
gross area for threaded anchors). [in2]
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AnO = (16d>2, effective area of a single Adhesive Anchor in tension; used in
calculating Y g, (See Figure 1.6.2-1). [in?]

A - effective area of a group of Adhesive Anchors in tension; used in calculating
\|!gn, defined as the rectangular area bounded by a perimeter spaced 8d

from the center of the anchors and limited by free edges of concrete (See
Figure 1.6.2-1). [in?]

AvO = 4.5<c2> , effective breakout area of a single Adhesive Anchor in shear; used
in calculating ng (See Figure 1.6.2-2). [in2]
A = effective area of a group of Adhesive Anchors in shear and/or loaded in shear
M where the member thickness, h, is less than 1.5¢ and/or anchor spacing, s, is
less than 3c¢; used in calculating \ng (See Figure 1.6.2-2). [in2]
_ anchor edge distance from free edge to centerline of the anchor [in].
c (must also meet SDG Table 1.4.2-1 Cover Requirements.)
d = nominal diameter of Adhesive Anchor. [in]
f'c = minimum specified concrete strength. [ksi]
fy = minimum specified yield strength of Adhesive Anchor steel. [ksi]
fu = minimum specified ultimate strength of Adhesive Anchor steel. [ksi]
h = concrete member thickness. [in]
he = embedment depth of anchor. [in]
Nc = tensile design strength as controlled by bond for Adhesive Anchors. [Kips]
Nn = nominal tensile strength of Adhesive Anchor. [Kips]
No = nominal tensile strength as controlled by concrete embedment for a single
Adhesive Anchor. [Kips]
Ns = design strength as controlled by Adhesive Anchor steel. [kips]
u - factored tension load. [Kips]
S = Adhesive Anchor spacing (measured from centerlines of anchors). [in]
v _Strength modification factor for Adhesive Anchor with compressive reaction
m =

within the nominal breakout cone effective area (1.0 when z>1.5h).
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Internal lever arm for restrained concrete breakout calculated in accordance

z with the theory of elasticity.

When using Type HSHV adhesives, the minimum anchor spacing is 12d.

Commentary: The use of higher bond strengths with close anchor spacing can
potentially result in concrete breakout failure under tensile loading that may not be
accounted for in the current equations. A check of the concrete breakout strength
for groups of anchors in accordance with ACI CODE-318 Appendix D, would
provide a conservative concrete capacity under tensile loading and justification of
closer anchor spacing for HSHV adhesives.

Vc = shear design strength as controlled by the concrete embedment for
Adhesive Anchors. [Kips]

Vs = design shear strength as controlled by Adhesive Anchor steel. [kips]

Vu = factored shear load. [kips]

T = 1.08 ksi nominal bond strength for general use products on the APL (Type V
and Type HV). 1.83 ksi nominal bond strength for Type HSHV adhesive
products on the APL for traffic railing barrier retrofits only.

(1) — 0.85, capacity reduction factor for adhesive anchor controlled by the

c
concrete embedment ((I)c =1.00 for extreme event load case)
= 0.90, capacity reduction factor for adhesive anchor controlled by anchor
d)s steel.
Ye = modification factor, for strength in tension, to account for anchor edge

distance less than 8d (1.0 when ¢ > 8d).

\Vgn = strength reduction factor for Adhesive Anchor groups in tension (1.0 when
s>16d).

\ng = strength reduction factor for Adhesive Anchor groups in shear and single
Adhesive Anchors in shear influenced by member thickness (1.0 when

s >3.0c and h>1.5c).

G. Design Requirements for Tensile Loading
Use Equation 1-2 to determine the design tensile strength for Adhesive Anchor steel:

ONg = (I)SAefy [Eq. 1-2]

Use Equation 1-3 to determine the design tensile strength for Adhesive Anchor bond:

(I)Nc - (I)c\VeWgn\VmNo [Eq. 1-3]
1-26

Structures Manual Home


https://fdotwp1.dot.state.fl.us/ApprovedProductList
https://fdotwp1.dot.state.fl.us/ApprovedProductList

Structures Design Guidelines Topic No. 625-020-018

1 - General Requirements January 2022
Where:
N, = T'ndh, [Eq. 1-4]

For anchors with a distance to a free edge of concrete less than 8d, but greater than or
equal to 3d, a reduction factor, [/, as given by Equation 1-5 must be used. For

anchors located less than 3d from a free edge of concrete, an appropriate strength
reduction factor must be determined by special testing. For anchors with an edge

distance greater than 8d, \[/, shall be taken as 1.0. Edge distance for all anchors must
also meet SDG Table 1.4.2-1 Cover Requirements.

Ve = 0.70 +0.30(c/8d) [Eq. 1-5]

For anchors loaded in tension and spaced closer than 16d, a reduction factor, Wgn ,

given by Equation 1-6 must be used. For anchor spacing greater than 16d, \Ifgn must
be taken as 1.0.

Wgn = (Ay/AL) [Eq. 1-6]

For anchors loaded in tension where a compressive restraint or reaction is provided

within the projected concrete breakout area, the modification factor \Vm, given by
Equation 1-6a may be used. For anchors where ¢ < 8d, and the compressive reaction is
not located between the anchor and the free edge of the concrete, the effects of this
modification factor should be neglected.

Vi = 2.5/(1+2/hy) [Eq. 1-6a]

H. Design Requirements for Shear Loading

1. Adhesive Anchors loaded in shear must be embedded not less than 6d with an
edge distance not less than the greater of 3d or that distance required to meet the
concrete cover requirements of SDG Table 1.4.2-1.

2. For Adhesive Anchors loaded in shear, the design shear strength controlled by
anchor steel is determined by Equation 1-7:

OVg = ¢ 0.7 Acf, [Eq. 1-7]

3. For Adhesive Anchors loaded in shear, the design shear strength controlled by
concrete breakout for shear directed toward a free edge of concrete is determined
by Equation 1-8:
OV, = OV g, 0.4534c12/fc [Eq. 1-8]

!
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4. For anchors spaced closer than 3.0c and/or member thickness less than 1.5¢, a
reduction factor, ‘ng, given by Equation 1-9 must be used. For anchor spacing

greater than 3.0c with member thickness greater than 1.5c, \ng must be taken
as 1.0.

Vgv = A/AL, [Eq. 1-9]

l. Interaction of Tensile and Shear Loadings

1. The following linear interaction between tension and shear loadings given by
Equation 1-10 must be used unless special testing is performed:

(N,/ONp) +(V,/OV,) <1.0 [Eq. 1-10]

2. In Equation 1-10, (I)Nn is the smaller of the design tensile strength controlled by
the Adhesive Anchor steel (Equation 1-2) or the design tensile strength as

controlled by Adhesive Anchor bond (Equation 1-3). (I)Vn is the smaller of the
design shear strength controlled by the Adhesive Anchor steel (Equation 1-7) or
the design shear strength as controlled by concrete breakout (Equation 1-8).

Commentary: If Adhesive Anchor Systems are required to act as dowels from existing
concrete components such that the existing reinforcing steel remains fully effective
over its length, then the Adhesive Anchor System must be installed to a depth equal to
the development length of the existing reinforcing steel. In this case, the required
reinforcing steel spacing, covers, etc. apply to both the existing reinforcing steel and
the Adhesive Anchor System. There is, however, no additional benefit to the Adhesive
Anchor System to install anchors to a greater depth than required by this Article.

See Figure 1.6.2-1 Effective Tensile Stress Areas of Adhesive Anchors.
See Figure 1.6.2-2 Effective Shear Stress Areas of Adhesive Anchors.

Click to download a Mathcad program Adhesive Anchor v1.01.
Click to view Adhesive Bonded Anchor Design Examples.
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Figure 1.6.2-1 Effective Tensile Stress Areas of Adhesive Anchors
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Figure 1.6.2-2 Effective Shear Stress Areas of Adhesive Anchors
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1.6.3 Undercut Anchor Systems (Rev. 01/22)

A.

Undercut Anchors are primarily intended for overhead applications and applications
with predominately sustained tension loads where Adhesive Bonded Anchors are
precluded. They may be used for traffic railing anchorages on new construction and
other applications in lieu of Adhesive Bonded Anchors where appropriate and
applicable.

. EOR's Design Criteria

1. Use the following criteria for providing factored design load(s), bolt diameter,
embedment depth and anchor configuration in the plans for each Undercut
Anchor location.

2. Contact the State Structures Design Engineer for additional design guidance.

3. Design Undercut Anchors in accordance with ACI CODE-318, Chapter 17, using
the product data provided by the ACI CODE-355.2 product evaluation report.

4. Do not account for supplementary reinforcement at potential concrete failure
surfaces in any structural member receiving an Undercut Anchor (Condition B per
ACI CODE-318, Chapter 17).

5. Use only Category 1 Undercut Anchor Systems as defined in ACI CODE-318,
Chapter 17.

6. Use only undercut anchor systems qualified for use in cracked concrete. Use the
effectiveness factor for cracked concrete (k. or k) as taken from the ACI CODE-

355.2 product evaluation report.

1.7 LOAD RATING (Rev. 01/22)

B.

When load rating structures, perform a LRFR load rating analysis as defined in the
AASHTO Manual for Bridge Evaluation (MBE), Section 6, Part A and as modified
by the Department's Bridge Load Rating Manual. See SDG Figure 7.1.1-1 for
widenings and rehabilitations.

See FDM 121 for phase submittal requirements.

1.8 POST-DESIGN SERVICES (Rev. 01/22)

A.

The Construction Project Administration Manual (CPAM) contains instructions
needed to complete the administrative portion of Department of Transportation
construction contracts. It is designed to give details to Department representatives for
administering items mandated in Florida Statutes, rules and/or contract specifications
and for the successful completion of construction contracts. The CPAM ensures
consistency in carrying out Department of Transportation policies and helps ensure
that all construction contracts are successfully administered on a fair and equal basis.

When responding to "Request for Information" (RFI), "Request for Modification"
(RFM), and "Request For Correction" (RFC), refer to CPAM 8.11 and CPAM 10.10 for
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Engineer of Record's responsibilities and required Department involvement. Project
related questions that arise during construction that are not covered by specific
Department policies or Contract Documents, contact appropriate Department
personnel for input and concurrence.

Commentary: The reason for getting Department input is to avoid setting unwanted
precedence, to ensure uniformity between projects and Districts and to provide a
mechanism for policy feedback.

Modification for Non-Conventional Projects:

Delete SDG 1.8 and see CPAM.

1.9 MISCELLANEOUS ATTACHMENTS TO BRIDGES

A. Miscellaneous attachments include but are not limited to signs, lights, traffic signals,
conduits, drain pipes, utilities and other similar non-standardized items.

B. Design and detail miscellaneous attachments to bridges using the allowable
connection types shown in Appendix 1A and show the details in the plans. See also
SDG 1.6 for specific requirements related to post-installed anchor systems.

C. Coordinate locations and attachment details with other disciplines in accordance with
FDM 215. Coordinate utilities accommodation with the District Utilities Engineer.

D. Attach supports for sign structures and other similar miscellaneous items to the back
face of New Jersey Shape, F-Shape, Vertical Face and structurally continuous Post
and Beam outside shoulder traffic railings using the details shown in Figure 1.9-1.
See also FDM 215 for additional requirements. Contact the Structures Design Office
for guidance when attaching supports to all other traffic railing types. Do not attach
supports to traffic railings within 5-feet of an open joint in the railing. Check the
capacity of the traffic railing and the deck at the support location using the Strength
lIl, Service | and Extreme Event Il load combinations. Although intended for use with
the outside shoulder traffic railing types listed, the details presented in Figure 1.9-1
can also be used for attaching items to concrete pedestrian railings.

Commentary: The criteria and details for miscellaneous attachments to traffic railings are
intended to preserve the crashworthiness of the traffic railings.
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Figure 1.9-1

Special Details for Attaching Miscellaneous Items to

Traffic Railings

Traffic Railing
(Type Varies)

Adhesive Bonded
Anchors with Heavy
Hex Nuts and
Washers (size and
locations vary)
(See Notes 1 & 2)

Traffic Railing
(Type Varies)

Hex Head Bolts with
Coupler Nuts shown
(Cast-in Inserts with
Hex Head bolts and

Base Piate Hex Head bolts without

(Size varies)

Base Plate
(Size varies)

Coupler Nuts similar)
(See Note 1)

Bridge Deck

Support Member
(Size, type and
locations vary)

Support Member
(Size, type and
locations vary)

I

Bridge Deck J

CAST-IN BOLT AND INSERT DETAILS

ADHESIVE BONDED ANCHOR DETAILS
(For use with Standard Plans Index 700-012 Only)

Do not cut,
delete or modify
reinforcing steel

Blockout for
Anchor Plate
(Size varies) \

Hex Head Bolts with
Heavy Hex Nuts and
Washers (Size and

Anchor Plate
(Size and

Base Plate thickness vary)

locations vary) : '
S
(See Note 1) (Size varies) v /
Blockout for Anchor
Pilate (See Note 3) o O
Support Member
(Size, type and
Traffic Railing locations vary)
(Type Varies)
VIEW A-A

NOTES:

1. Adjust placement of anchors as necessary to avoid conduits.

2. Maintain a minimum cover of 2" from front face of Traffic
Railing to tips of Anchors.

3. After installation of Bolts and Anchor Plate, fill Blockout
with Type F-2 or Q Epoxy meeting the requirements of
Specification 926

Bridge Deck J

THROUGH BOLT
DETAILS

SECTIONS THROUGH TRAFFIC RAILING AT SUPPORT LOCATIONS
(Sections Through Bridge Deck Shown, Sections Through Approach Slab and Retaining Wall Similar)

E. When field drilling of existing structures at locations shown in Appendix 1A is
permitted by the DSDE, include plan notes and/or develop Technical Special
Provisions to address special requirements, e.g. locating reinforcing steel,
prestressing steel and/or post-tensioning tendons in existing concrete structures prior
to field drilling, drilling into any steel members, etc.
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1.10 LIMITATIONS ON BRIDGE SKEW ANGLE

The maximum allowable skew angle at bridge supports shall be limited to 50° unless
otherwise required by geometric constraints such as when supports have to be placed
within narrow skewed medians of underlying roadways. In no case shall the skew angle
be greater than 60° unless approved by the SDO. See SDM 2.14 for the definition of
skew angle.

Modification for Non-Conventional Projects:

Delete the second to last sentence of SDG 1.10 and replace with the following:

In no case shall the skew angle be greater than 60° unless otherwise stated in the RFP.

Commentary: Highly skewed bridge supports are generally discouraged and should be
avoided whenever possible. Highly skewed supports complicate design and detailing,
and require complex fabrication, erection, and construction efforts. Skewed supports
also require longer and more expensive substructures. Designers are often lured into
the perceived advantages that skewed supports can offer such as matching
underlying alignments to reduce span lengths and deck area. The increased
complexity resulting from highly skewed supports significantly escalates the overall
cost of the structure. Lengthening the span by minimizing the skew angle or squaring
the supports can potentially be more economical when rationally compared to the
cost of using highly skewed supports. See also SDM 12.5.H.

1.11 POST-TENSIONING (LRFD 5) (Rev. 01/22)

1.11.1 General

A. Design and detail post-tensioned structures in accordance with the requirements of
LRFD as modified by this section and the Standard Plans using post-tensioning
systems that meet the requirements of the Specifications.

B. Design and detail all tendons that utilize flexible filler to be unbonded, fully
replaceable, meet anchorage clearance requirements of SDG Table 1.11.1-1, and
have clearance at the anchorages for jacking and future tendon replacement
operations. Prior approval from the SDO is required for the following cases:

1. Design for replaceable tendons that requires complete or partial removal of deck
or diaphragm concrete.

2. Stressing end anchorages located in locations that require demolition to replace
tendons.

3. Anchorage blisters on the exterior face of a fascia |I-beam or girder other than as
shown in SDM Figure 23.7-1 and SDM Figure 23.7-2, on the exterior of a U-beam
or girder, or on the exterior of a box girder.

1-33
Structures Manual Home


http://fdot.gov/design/standardplans/
http://www.fdot.gov/programmanagement/Implemented/SpecBooks/default.shtm
https://www.fdot.gov/structures/CADD/standards/ApprovedPTDrawings/ApprovedPTDrawings.shtm
https://www.fdot.gov/programmanagement/Implemented/SpecBooks/default.shtm

Structures Design Guidelines
1 - General Requirements

Topic No. 625-020-018
January 2022

Table 1.11.1-1 Minimum Clearance Requirements at Anchorages for

Replaceable Strand and Wire Tendons

Anchorage Type
and Location

Minimum Clearance
Requirement

Example Detail

Stressing End Anchorage
Near Deviator

Dimension B’

SDM Figure 20.8-1

Stressing End Anchorage at
Intermediate Diaphragm

Near Minor Obstruction?

Dimension A' + 1-0" (min.)

SDM Figure 20.8-2

Non-Stressing End Near
Other Structure

> At = Summation of Maximum

Design Thermal Expansion of
both adjacent structures

2'-6" + A
Non-Stressing End As = Maxi D T Th | SDM Figure 20.8-3
Anchorage Near Abutment T = Maximum e.'S|gn erma SDM Figure 23.7-3
Expansion
2"6" + ZAT

SDM Figure 20.8-4
SDM Figure 23.7-4

Stressing End Anchorage at
Other Locations

Dimension A' + A+ (if applicable)
+ sufficient clearance for pulling
existing tendon and installation of
new tendon (Prior SDO approval
is required to use this approach at
locations other than webs of
I-girders as shown in
SDM Figures 23.7-1 and 23.7-2)

SDM Figure 23.7-1
SDM Figure 23.7-2

Non-Stressing End
Anchorage at Other
Locations

2'-6" + At (if applicable)

1. See SDG Figure 1.11.1-1 and SDG Table 1.11.1-2.
2. A minor obstruction is a bridge component or projection that does not impede future tendon

replacement operations.

Commentary: In general, permanent strand tail extensions will not be required for
replaceable tendons. The use of non-stressing ends of tendons located at bridge end
diaphragms is desirable due to reduced clearance requirements at the anchorages.
Visible anchorage blisters, such as web blisters, are generally not desirable for
aesthetic reasons. Anchorages embedded within a thickened web section that are
not visibly distinct are preferred (see SDM Figure 23.7-1 and SDM Figure 23.7-2).
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Figure 1.11.1-1 Jack Envelope Dimensions for Design and Detailing

T

A
Wedge Plate  Max. Stroke
( | | ":I-

1] —

Fully extended Piston -y A
Strand tails -I

B

ELEVATION SECTION A-A

(STRAND JACK SHOWN; BAR JACK SIMILAR)

Table 1.11.1-2 Jack Envelope Dimensions for Design and Detailing

Jack Envelope Dimensions (in)
Tendon Size & Type

A B1 C D E F
4 - 0.6” Strands 50 86 15 15 17 11
7 - 0.6” Strands 51 92 15 15 17 15
12 - 0.6” Strands 51 92 15 15 14 15
15 - 0.6” Strands 60 120 15 15 17 19
19 - 0.6” Strands 60 120 15 15 17 19
27 - 0.6” Strands 60 120 15 15 19 24
31 - 0.6” Strands 60 120 18 18 19 25
1" Diameter Bar 42 72 15 15 10 11
1-1/4" Diameter Bar 43 72 15 15 10 11
1-3/8" Diameter Bar 43 72 15 15 10 11
1-3/4" Diameter Bar 51 92 15 15 12 15
2-1/2" Diameter Bar 56 92 15 15 13 16
3" Diameter Bar 60 120 15 15 17 19

1. See SDG Table 1.11.1-1 for required dimension for Tendons with Flexible Filler.
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Table 1.11.1-3 Minimum Post-Tensioning Anchorage Spacing

Minimum Minimum Minimum
System Size “e1!’ “e2” “S”
Dimension Dimension Dimension
(in.) (in.) (in.)
4 - 0.6” Strands 11.75 45 19.5
7 - 0.6” Strands 9 NA 13
12 - 0.6” Strands 10 NA 16.75
19 - 0.6” Strands 12 NA 21
22 - 0.6” Strands 135 NA 23
27 - 0.6” Strands 15 NA 24
31 - 0.6” Strands 15 NA 25.25

Note: Dimensions are based on a concrete strength of 3,500 psi.

Modification for Non-Conventional Projects:

Add the following footnote to table SDG 1.11.1-3:

2. Table 1.11.1-3 Minimum Post-Tensioning Anchorage Spacing may be
superseded by project specific requirements as directed by the Post-Tensioning
Vendor and the Engineer of Record.

Figure 1.11.1-2 Anchorage Layout

el = minimum horizontal or vertical edge distance
s = minimum anchorage spacing from center to center

/ Typical Anchorage
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Figure 1.11.1-3 Anchorage Layout for Transverse Tendons in Box
Girders or Deck Slabs

el s

/ Typical Anchorage

e?

el = minimum horizontal edge distance
e2 = minimum vertical edge distance from the top of the slab
s = minimum anchorage spacing from center to center

C. Design and detail strand tendons in a manner that will accommodate competitive
systems using standard anchorage sizes and jack envelope dimensions for 4, 7, 12,
15, 19, 27 and 31 - 0.6-inch diameter strand tendons. Design tendons with
intermediate numbers of strands using the next largest size anchorage, e.g., a 17
strand tendon can be used if the anchorage zones can accommodate a 19 strand
tendon anchorage. Strand couplers as described in LRFD 5.4.5 are not allowed.
Strand anchorages cast into concrete structures are not allowed. See Figure 1.11.1-1
and Table 1.11.1-2 for jack envelope dimensions.

D. Design and detail bar tendons in a manner that will accommodate competitive
systems using 1-inch, 1%4-inch, 1%-inch, 1%-inch, 2%%-inch and 3-inch diameter
deformed bars and associated jack envelope dimensions. See Figure 1.11.1-1 and
Table 1.11.1-2 for jack envelope dimensions.

E. Design and detail parallel wire tendons in a manner that will accommodate
competitive systems. Parallel wire couplers as described in LRFD 5.4.5 are not
allowed. Parallel wire anchorages cast into concrete structures are not allowed.
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Modification for Non-Conventional Projects:

Delete SDG 1.11.1.C, D and E and insert the following:

C. Design and detail strand tendons using the selected post-tensioning supplier's
standard anchorage sizes and jack envelope dimensions for 4, 7, 12, 15, 19, 27 and
31 - 0.6-inch diameter strand tendons. Design tendons with intermediate numbers of
strands using the next largest size anchorage, e.g., a 17 strand tendon can be used if
the anchorage zones can accommodate a 19 strand tendon anchorage. Strand
couplers as described in LRFD 5.4.5 are not allowed. Strand anchorages cast into
concrete structures are not allowed.

D. Design and detail bar tendons using the selected post-tensioning supplier's 1-inch,
1Y4-inch, 1%-inch, 1%4-inch, 2)2-inch and 3-inch diameter deformed bars and
associated anchorages and jack envelope dimensions.

E. Design and detail parallel wire tendons using the selected post-tensioning supplier's
standard anchorage sizes for the selected tendon size. Parallel wire couplers as
described in LRFD 5.4.5 are not allowed. Parallel wire anchorages cast into concrete
structures are not allowed.

F. Design and detail joints between precast elements using match-casting with a
segmental epoxy bonding system or closure pour as follows. Dry joints are not
allowed.

1. For match-cast precast elements use a segmental epoxy bonding system that
meets the requirements of Specifications Section 926 applied to both faces of
adjacent precast elements.

Commentary: Match-cast precast elements with a segmental epoxy bonding system are
used for precast balanced cantilever and span by span superstructures, and may be
used for precast pier columns. The use of dry joints has led to intrusion of moisture
and chlorides in superstructure and substructure post-tensioned tendons in Florida.

2. Use grout for closure pours 6-inches wide or less.

Commentary: Grouted joints are typically used between a pier segment and the adjacent
segment in span by span construction with external tendons, and between adjacent
pier column segments or a footing and pier column segment in piers with external
tendons.

3. Use cast-in-place concrete for closure pours greater than 6-inches wide. See
SDG Chapter 4 for cast-in-place concrete closure pour requirements for post-
tensioned segmental box girders, |I-beams and U-beams.

4. Commentary: Closure pours are typically used in precast balanced cantilever
construction between the tips of cantilevers, and at end spans in precast balanced
cantilever construction between the tip of the cantilever and adjacent precast
segments erected on falsework. Closure pours are also required for post-
tensioned I-beams and U-beam structures.
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G. Prepare tendon mockup details in accordance with Standard Plans Instructions

(SPI) Index 462-000 Series and Specifications Section 462 and include them in the
Plans.

Commentary: Per Specifications Section 462, the Contractor is required to use the

tendon mockup details that are shown in the Plans in conjunction with the Grouting
Operations Plan and/or Wax Injection Operations Plan, as applicable, to demonstrate
satisfactory injection of grout and/or wax.

1.11.2 Corrosion Protection

A.

Include the following corrosion protection strategies in the design and detailing of
post-tensioned structures:

Completely sealed ducts and permanent anchorage caps

Ducts and anchorage caps completely filled with approved filler

Multi-level anchorage and tendon protection

Watertight bridges

Multiple tendon paths

A

Three levels of protection are required for strand, wire, and bar tendons as follows:
1. Within a concrete element:
a. Internal Tendons
i. Concrete cover
ii. Polypropylene or polyethylene duct and couplers
iii. Complete filling of the duct with grout or flexible filler
b. External Tendons

i. Hollow box structure itself
ii. Polyethylene duct and approved couplers
iii. Complete filling of the duct with flexible filler

2. At the segment face or construction joint (Internal and External Tendons):
a. Epoxy seal (precast construction) or wet cast joint (cast-in-place construction)
b. Continuity of the duct and/or duct coupler
c. Complete filling of the duct with grout or flexible filler

External tendons are not permitted for use with I-beam or girder superstructures
except for repair, retrofit or strengthening scenarios.

Four levels of protection are required for anchorages on interior surfaces, e.g. at
interior diaphragms or along the bottom slab in box girder bridges, within hollow pier
columns, etc., as follows:

1. Grout or flexible filler within anchorage cap
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2. Permanent anchorage cap
3. Elastomeric seal coat
4. Concrete box structure
E. Four levels of protection are required for anchorages on exterior surfaces, e.g. tops

and ends of pier caps, at end diaphragms/expansion joints in box girder bridges, at
diaphragms or along the deck in I-girder bridges, etc., as follows:

1. Grout or flexible filler within anchorage cap
2. Permanent anchorage cap

3. Encapsulating pour-back
4

. Seal coat (Elastomeric seal coat on non-riding surfaces; Methyl Methacrylate on
riding/top of deck surfaces)

F. See Standard Plans Index 462-002 and Standard Plans Instructions Index 462-
000 Series for additional anchorage protection requirements and details.

G. Deck overlays are not considered a level of protection for tendons or anchorages.

H. Temporary internal post-tensioning bars used for erection with acceptable ducts,
cover, and filler material may remain in the structure with no additional protection
required. Do not incorporate the force effects from these bars in the service stress or
strength calculations for the structure except in cases where the effects are
detrimental.

1.11.3 Design Values

Use the following values for the design of post-tensioned members.
A. Concrete strengths (f'c):

Precast components 5.5 ksi min., 10.0 ksi max.
Closure pours and joints 5.5 ksi min., 6.5 ksi max.
Cast-in-place components 5.0 ksi min., 8.5 ksi max.

See SDG 1.4.3 for additional requirements.

B. Post-Tensioning Steel:

Strand ASTM A416, Grade 270, low relaxation, 0.6-inch diameter
Parallel wires |ASTM A421, Grade 240
Bars ASTM A722, Grade 150, Type I
C. Anchor set:
Strand 3/8-inch
Parallel wires 1/2-inch
Bars 1/16-inch
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D. Wobble coefficient (K) and Coefficient of friction (J):
Type of Tendon
Tendon Type of Duct Location K H
Corrugated polypropylene | 0.0003 0.14
Wire or duct
Strand Smooth polyethylene duct Internal 0.0002 0.14
Smooth polyethylene duct External 0.0 0.14
corrugated POYPIORYIENe | intemal | 0.0003 0.30
Bar Smooth polyethylene duct Internal 0.0002 0.30
Smooth polyethylene duct External 0.0 0.30
1.11.4 Ducts

Use the following criteria in lieu of LRFD 5.4.6.2:

A. Design and detail using smooth wall polyethylene (PE) duct and associated couplers
that meet the requirements of Specifications Section 960 for all external tendons,
and for internal tendons with flexible filler.

B. Design and detail using corrugated polypropylene (PP) duct and associated couplers
that meet the requirements of Specifications Section 960 for grouted internal

tendons.

C. Design and detail using the maximum duct external dimensions shown in Table
1.11.4-1 for laying out tendon geometries and checking for clearances and required

concrete cover in post-tensioned members.

Modification for Non-Conventional Projects:

Delete SDG 1.11.4.C and insert the following:

C. Design and detail using project specific maximum duct external dimensions for
laying out tendon geometries and checking for clearances and required concrete
cover in post-tensioned members.
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Table 1.11.4-1 Maximum Duct External Dimensions for Detailing

Corrugated Duct Smooth Wall Duct
Outside Diameter Outside Diameter
For use with For use with
Tendon Sizeand | Strandand | g g0 ity | Strandand | g, o6 with
Type Wire Bar Tendons Wire Bar Tendons
Tendons, and with Tendons, and with
Bar Tendons 1 Bar Tendons 1
without Couplers without Couplers
Couplers Couplers
4 - 0.6” strands 1.(|5:4|1;tx dl3JC5t)5 N/A 3.50" N/A
7 - 0.6” strands 2.87" N/A 3.50" N/A
12 - 0.6” strands 3.63" N/A 3.50" N/A
15 - 0.6” strands 3.95" N/A 4.50" N/A
19 - 0.6” strands 4.57" N/A 4.50" N/A
27 - 0.6” strands 5.30" N/A 5.563" N/A
31 - 0.6” strands 5.95" N/A 5.563" N/A
1" diameter bar 2.87" 4.09" 3.50" 3.50"
174" diameter bar 2.87" 4.09" 3.50" 3.50"
136" diameter bar 2.87" 4.09" 3.50" 3.50"
1%4" diameter bar 3.63" 4.57" 3.50" 4.50"
245" diameter bar 3.95" 5.95" 4.50" 5.563"
3" diameter bar 4.57" 7.00" 4.50" 6.625"

1. Use duct dimensions as shown for bar tendons with couplers:

a. Forthe full length of the bar tendon if its length exceeds 45-feet (including the length of bar
needed for stressing and anchoring) and coupler locations are not known, or cannot be
designed for and specified in the Plans.

b. For a minimum distance of 3 times the coupler length at specified coupler locations, e.g.
for bar tendons used in precast segmental piers and vertical bar tendons in C-piers that
extend from the footings, through the columns and into the caps.

Modification for Non-Conventional Projects:

Delete SDG Table 1.11.4-1 and use the appropriate maximum duct external dimensions
from the selected post-tensioning system. Accommodate the use of bar tendon couplers
as required.
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D. Specify duct geometry in the plans measured to the centerline of the tendon (C.G.S).
Design the tendon profile to meet or exceed the minimum tangent lengths shown in
Table 1.11.4-2 and Figure 1.11.4-1 for curved tendons adjacent to anchorages. For
tendons that follow circular curvature, the profile shall meet the minimum radii shown
in Table 1.11.4-2.

Commentary: The minimum tangent length at the anchorage is provided to alleviate
fatigue concerns at the anchorages, and strand slippage at the wedges by minimizing
the angular change of the strands.

Table 1.11.4-2 Minimum Duct Radius and Tangent Length

Minimum Duct Radius and Tangent
Minimum Length Adjacent to Anchorages
Duct Radius (see Figure 1.11.4-1)
Tendon Size R1*, Between
Two Tangents Minimum Minimum Tangent
(feet) Radius R2 Length L
(feet) (feet)

4 - 0.6" diameter strands 6 9 2
7 - 0.6" diameter strands 6 9 3
12 - 0.6" diameter strands 8 1" 3
15 - 0.6" diameter strands 9 12 3
19 - 0.6" diameter strands 10 13 3
27 - 0.6" diameter strands 13 16 3.5
31 - 0.6" diameter strands 13 16 3.5

* For circular curvature away from the anchorages

Figure 1.11.4-1 Minimum Duct Radius and Tangent Length
Adjacent to Anchorages

NOTE: Internal tendon shown, external tendon similar. * See Table 1.11.4-2
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E. Design and detail ducts for external tendons as follows:

1.

Design and detail duct geometry using circular Diabolos at the faces of all pier
diaphragms, deviators, and blisters without anchorages. See SDM Figure 20.8-10
for Diabolo details.

At pier diaphragms with anchorages and at blisters without anchorages, design
and detail using ducts that are embedded in the concrete and not removable as
shown in SDM Figure 20.8-5, SDM Figure 20.8-6 and SDM Figure 20.8-7.

At pier diaphragms without anchorages and at deviators, design and detail using
smooth round formed holes and completely removable ducts that are external to
the concrete as shown in SDM Figure 20.8-8 and SDM Figure 20.8-9.

To allow room for the installation of duct couplers, design and detail all external
tendons to provide a 17%-inch clearance between the outer duct surface and the
adjacent face of the concrete as shown in SDM Figure 20.8-9.

F. Design and detail using segmental duct couplers for all internal tendon ducts at all

joints between precast elements. Lay out internal tendon ducts with segmental duct

couplers as shown in Figure 1.11.4-2.
Figure 1.11.4-2 Layout of Internal Tendons with Segmental Duct

Couplers

N

L 90";

v
Segmental Duct Coupler

Segment
Joint (Typ.)
™ Internal Duct

6° Max. 9

6° Max.
AN /

Precast Elements

Commentary: Segmental duct couplers shall be made normal to joints to allow stripping
of the bulkhead forms. Theoretically, the tendon must pass through the coupler
without touching the duct or coupler. Over-sizing couplers allows for standardized
bulkheads and avoids the use of curved tendons.

1.11.5 Tendon Design

A.

Design and detail all tendons to be unbonded except those listed in Paragraphs B
and C below. For unbonded tendons, specify the use of flexible filler in the Standard
Plans Index 462-000 Series data tables and include the data tables in the Plans.

Design and detail the following internal strand tendons with predominantly flat
geometries in the bridge deck to be bonded:

1.

Top slab cantilever longitudinal tendons in segmental box girders
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2. Top slab transverse tendons in segmental box girders
3. Tendons that are draped 2'-0" or less in post-tensioned slab type superstructures

For bonded tendons, specify the use of grout in the Standard Plans Index 462-000
Series data tables and include the data tables in the Plans.

Commentary: The top slabs of segmental box girders and slab type superstructures are
subject to direct application and impact of live load. Flexible filler provides no
structural rigidity, therefore, grout filler is required at these locations to maintain
concrete integrity at the duct locations.

C. Design and detail the following tendons to be bonded or unbonded:

1. Straight strand or parallel wire tendons other than continuity tendons in U-beams
and girders.

2. Bar tendons (predominately vertical or horizontal)

For these tendons, specify the use of grout for bonded designs or flexible filler for
unbonded designs in the Standard Plans Index 462-000 Series data tables and
include the data tables in the Plans.

D. Design and detail all other tendon types for which grout is not specifically required or
allowed as unbonded. For these tendons, specify the use of flexible filler in the
Standard Plans Index 462-000 Series data tables and include the data tables in the
Plans.

Commentary: Many of the past corrosion problems with grouted post-tensioning have
been encountered on continuity tendons, which are generally long with undulating
profiles.

E. For post-tensioned concrete bridges using bonded and/or unbonded tendons, use
LRFD 5.7.3.3 General Procedure to design for shear and torsion, except replace
LRFD Equation 5.7.3.3-2 with the following:

vV, <0.15f b d +V or 0.379./f b d +V

whichever is gr r
cbyvdy p , chever is greate

P
Check principal stresses in the webs using LRFD 5.9.2.3.3.

F. Use LRFD 5.6.3.1.2 for predicting unbonded PT ultimate average stress. Use Figure
1.11.5-1 for determination of the number of support hinges (Ng).
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Figure 1.11.5-1 Support Hinge Locations

P
PT Tendon _{/ Non-support Hinge

L

‘ @\IiP

Simply Supported Girder (Ns = 0)

P PT Tendon \

L | L Ly

Continuous Girder Loaded at End Span (Ns = 1.0)

P PT Tendon \

\
Support Hinge % ;Q:\ Support Hinge

‘ o~ |\

Non-support Hinge

Lg LZ

L,

Continuous Girder Loaded at Interior Span (Ns = 2.0)

G. Use the maximum outside duct diameter to determine the effective web width at a
particular level per LRFD 5.7.2.8 and 5.12.5.3.8a.

H. Limit the external tendon unsupported length to 100-feet. For external tendons longer
than 100-feet, provide hangers to restrain the tendon laterally and vertically. At the
hanger contact point with the external tendon duct, provide a neoprene sheet to
protect the duct from damage.

1.11.6 Integrated Drawings

A. Show congested areas of post-tensioned concrete structures on integrated drawings
with an assumed post-tensioning system. Such areas include anchorage zones,
areas containing embedded items for the assumed post-tensioning system, areas
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where post-tensioning ducts deviate both in the vertical and transverse directions, and
other highly congested areas as determined by the Engineer and/or the Department.

Modification for Non-Conventional Projects:

Delete SDG 1.11.6.A and insert the following:
A.

Show congested areas of post-tensioned concrete structures on integrated drawings
with the selected post-tensioning system. Such areas include anchorage zones,
areas containing embedded items for the selected post-tensioning system, areas
where post-tensioning ducts deviate both in the vertical and transverse directions,
and other highly congested areas as determined by the Engineer and/or the
Department.

Detail integrated drawings utilizing the assumed system to a scale and quality
required to show double-line reinforcing and post-tensioning components in
two-dimensions (2-D) and, when necessary, in complete three-dimension (3-D)
drawings and details.

For strand and parallel wire tendons, space anchorages to accommodate spirals
based on the anchorage size and not on the number of strands or parallel wires in the
tendon. See also SDG 1.11.1.C.

Check required clearances for stressing jacks. Do not detail structures or provide
construction sequences that require curved stressing noses for jacks.

1.11.7 Erection Schedule and Construction Sequence

A.
B.

Include a description of the construction method upon which the design is based.

Include in the design documents, in outlined, schematic form, a typical erection
schedule and anticipated construction system.

State assumed erection loads and support reactions in the plans, along with times of
application and removal of each of the erection loads.

. Refer to SDM Chapter 20 and SDM Chapter 23 for additional requirements, detailing

considerations and general erection procedures for segmental bridges and spliced
girder bridges, respectively.

Prove the final design by a performing a full longitudinal analysis taking into account
the assumed stage-by-stage construction process and final long-term service
condition, including all time dependent related effects.

Commentary: Temporary load conditions often control the design and detailing of

segmental and spliced girder structures. Ensure the structure components have been
sized for the temporary and final conditions and loadings of the bridge. For large
projects, the use of more than one method of construction may be necessary based
on project specific site constraints.
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1.12 FIRE SUPPRESSION SYSTEMS
See FDM 110.5.8 for fire suppression system prohibitions.

1.13 METHODS OF STRUCTURAL ANALYSIS

A. A Refined Method of Analysis LRFD 4.6.3 for the bridge superstructure is required to
account for the effects of the substructure and/or foundation stiffness as well as the
stiffness of integral caps as applicable.

Commentary: The foundation, substructure and/or integral cap stiffnesses affect the
design of the superstructure units that are supported by these elements. Structure
types where a refined method of analysis is required include but is not limited to the
following:

1. Continuous girder superstructure units supported on straddle piers or integral pier
caps.

2. Continuous girder superstructure units supported on hammerhead piers with
cantilevers > 20-feet or C-piers with cantilevers > 15-feet.

3. Bridge widenings where the existing bridge is supported by substructure elements
of different stiffness than the widened section.

B. Delete the third paragraph of LRFD 4.6.3.1 and add the following:

When a refined method of analysis is used, show the name, version, and release
date of the software used on the General Notes and on the FDOT Load Rating
Summary Tables.

C. For Live Load Distribution Factors, see SDG 2.9.
D. For skewed steel I-girder units, see SDG 5.1.A.

1.14 NON-FDOT STRUCTURES PLACED OVER, ON, OR UNDER FDOT
RIGHT-OF-WAY

See FDM chapters 121 and 266 for design and review requirements for all non-FDOT
structures placed over, on, or under FDOT right-of-way, functioning vehicular roadways,
pedestrian walkways, railroads or navigable waterways.

1.15 INTERFACE SHEAR TRANSFER - SHEAR FRICTION (LRFD 5.7.4)

A. At Construction Joints that Connect Non-Redundant Concrete Components: Design
the joint using cohesion and friction factors for concrete placed against a clean
concrete surface, free of laitance, but not intentionally roughened. Include a plan note
requiring the contact surfaces to be intentionally roughened to a minimum 1/4-inch
amplitude. Show the limits of roughening in the Plans. See also SDG 4.1.A.
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Commentary: This requirement excludes interfaces where a localized shear friction
failure would preclude the bridge from collapse, such as the interface shear area
between a conventional prestressed beam and composite concrete deck, or a full-
length horizontal construction joint typically encountered in inverted-T straddle pier
caps. Furthermore, as an additional level of safety, an intentionally roughened
contact surface is required to be shown in the Plans.

B. At Construction Joints that Connect Redundant Concrete Components: Design the
joint using the cohesion and friction factors according to the assumed surface
condition. If necessary, add a plan note requiring the contact surfaces to be
intentionally roughened to a minimum 1/4-inch amplitude and show limits of the
roughening in the Plans.

C. Sections 1.15.A and 1.15.B as shown above do not apply to concrete placed
monolithically.
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2 LOADS AND LOAD FACTORS

2.1

GENERAL

This Chapter contains information related to loads, loadings, load factors, and load
combinations. It also contains deviations from LRFD regarding Loads and Load Factors
as well as characteristics of a structure that affect each.

211 Load Factors and Load Combinations (LRFD 3.4.1)

A.

In LRFD Table 3.4.1-1, under Load Combination: LL, IM, etc., Limit State: Extreme
Event|, use Yeq = 0.0
See SDG 2.7.2 for additional temperature gradient requirements.

For pretensioned/post-tensioned I-Beams and U-Girders, in addition to the load
combinations required by LRFD, satisfy the following limit state neglecting strand
tendons that are grouted with cementitious material:

1.25(D) + 1.75(LL) < 1.4(RN*)

Where:

D = All applicable permanent load components of LRFD Table 3.4.1-1
LL = All applicable transient load components of LRFD Table 3.4.1-1

RN* = Nominal capacity (moment or shear) at any section using only the
replaceable strand tendons with flexible filler, all permanent bar tendons, mild
reinforcing steel and pretensioning strands.

2.1.2 Live Loads (LRFD 3.6) (Rev. 01/22)
A. Replace bullet point 3 of LRFD 3.6.1.3.1 with the following:

For negative moment between points of contraflexure, and for reaction at all interior
supports of multi-span structures regardless of superstructure continuity, 90 percent
of the effect of the uniform lane load on all spans combined with 90% of the effect of
two design trucks spaced a minimum of 50-feet between the lead axle of one truck
and the rear axle of the other truck. The distance between the 32.0-kip axles of each
truck shall be taken as 14-feet. The two design trucks shall be placed in adjacent
spans to produce maximum force effects.

Investigate possible future changes in the physical or functional clear roadway width
of the bridge. (LRFD 3.6.1.1)
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Commentary: Frequently bridges are widened and areas dedicated to pedestrian traffic
become travel lanes for vehicular traffic. In the future, the sidewalk could also be
simply eliminated in order to provide additional space to add a traffic lane.

Modification for Non-Conventional Projects:

Delete SDG 2.1.2.B and see the RFP for requirements.

C. In addition to the vehicular loads contained in LRFD, satisfy the load rating
requirements of SDG 1.7.

Commentary: Load Rating may control the design in some cases.

2.2 DEAD LOADS

A. Future Wearing Surface: See SDG Table 2.2-1 regarding the allowance for a Future
Wearing Surface.

B. Sacrificial Concrete: Bridge decks subject to the profilograph requirements of SDG
Chapter 4 require an added thickness of sacrificial concrete, which must be accounted
for as added Dead Load but cannot be utilized for bridge deck section properties.

C. Stay-in-Place Forms: Design all beam and girder superstructures (except segmental
box girder superstructures) to include the weight of stay-in-place metal forms, where
permitted. For clear spans between beams or girders greater than 14-feet, verify the
availability of non-cellular forms and include any additional dead load allowance
greater than 20 psf or specify the use of cellular forms (where permitted) or non-
cellular forms with cover sheets.

Modification for Non-Conventional Projects:

Delete SDG 2.2.C.

D. See Table 2.2-1 Miscellaneous Dead Loads for common component dead loads.

Table 2.2-1 Miscellaneous Dead Loads

ITEM UNIT LOAD

General

Concrete, Counterweight (Plain) Lb/cf 145
Concrete, Structural (Steel-RC/PC) Lb/cf 150
Concrete, Structural (FRP-RC/PC) Lb/cf 145
Future Wearing Surface Lb/sf 151
Soil; Compacted Lb/cf 115
Stay-in-Place Metal Forms Lb/sf 202
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Table 2.2-1 Miscellaneous Dead Loads

ITEM UNIT LOAD

Traffic Railings

Rectangular Tube Retrofit (Index 460-490) Lb/ft 30
42" Vertical Shape (Index 521-422) Lb/ft 590
32” Vertical Shape (Index 521-423) Lb/ft 385
36" Single-Slope Median (Index 521-426) Lb/ft 645
36" Single-Slope (Index 521-427) Lb/ft 430
42" Single-Slope (Index 521-428) Lb/ft 580
Thrie-Beam Retrofit (Index 460-471, 460-475 & 460-476) Lb/ft 40
Thrie-Beam Retrofit (Index 460-472, 460-473 & 460-474) Lb/ft 30
ngt)ical Face Retrofit with 8” curb height (Index 521-480 to 521- Lb/ft 270
Traffic Railing /Noise Wall (8'-0") (Index 521-509) Lb/ft 985

Pedestrian/Bicycle Railings & Fences

Pedestrian /Bicycle Railing (27" Concrete Parapet only)

(Index 521-820) Lb/it 225
Aluminum Pedestrian/Bicycle Bullet Railing (1 or 2 rails) Lb/ft 10

(Index 521-820, 515-021 & 515-022)

Bridge Fencing (Vertical) (Index 550-010) Lb/ft 25

Bridge Fencing (Curved Top) (Index 550-011) Lb/ft 40

Bridge Fencing (Enclosed) with 5 ft. clear width (Index 550-012) Lb/ft 85

Bridge Picket Railing (Steel) (Index 515-051) Lb/ft 30

Bridge Picket Rail (Aluminum) (Index 515-061) Lb/ft 15

Maintenance of Traffic

Temporary Barrier (Index 102-110) Lb/ft 430
Prestressed Beams?®

AASHTO Type Il (Index 450-120) Lb/ft 385
AASHTO Type Il (Archived Index 20130) Lb/ft 585
AASHTO Type IV (Archived Index 20140) Lb/ft 825
AASHTO Type V (Archived Index 20150) Lb/ft 1055
AASHTO Type VI (Archived Index 20160) Lb/ft 1130
Florida Bulb-T 72 (Archived Index 20172) Lb/ft 940
Florida Bulb-T 78 (Archived Index 20178) Lb/ft 1150
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Table 2.2-1 Miscellaneous Dead Loads

ITEM UNIT LOAD
Florida-U 48 Beam (Index 450-248) Lb/ft 1260*
Florida-U 54 Beam (Index 450-254) Lb/ft 13304
Florida-U 63 Beam (Index 450-263) Lb/ft 14404
Florida-U 72 Beam (Index 450-272) Lb/ft 15454
Inverted-T Beam (20-inch) (Archived Index 20320) Lb/ft 270
Florida-1 36 Beam (Index 450-036) Lb/ft 840
Florida-1 45 Beam (Index 450-045) Lb/ft 906
Florida-1 54 Beam (Index 450-054) Lb/ft 971
Florida-1 63 Beam (Index 450-063) Lb/ft 1037
Florida-1 72 Beam (Index 450-072) Lb/ft 1103
Florida-1 78 Beam (Index 450-078) Lb/ft 1146
Florida-1 84 Beam (Index 450-084) Lb/ft 1190
Florida-1 96 Beam (Index 450-096) Lb/ft 1278

1 The Future Wearing Surface allowance applies only to new short bridges (see SDG 4.2.
Bridge Length Definitions) and to widenings of existing bridges originally designed for a
Future Wearing Surface which will not be selected for deck planing (see SDG 7.2 Widen-
ing Classifications and Definitions).

2 Unit load of metal forms and concrete required to fill the form flutes. Apply load over the
projected plan area of the metal forms. See SDG 2.2.C.

3 Weight of buildup concrete for camber and cross slope not included.

4 Weight of interior intermediate or end diaphragms not included.
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2.3 SEISMIC PROVISIONS (LRFD 3.10.9, 3.10.9.2 AND 4.7.4)

2.3.1 General

All bridges shall meet the seismic design requirements except the exempted bridges. For
exempted bridges, only the minimum bearing support dimensions need to be satisfied as
required by LRFD 4.7.4.4. Exempted bridges include:

1. Those with design spans less than or equal to 75-feet.

2. Those with simple or continuous span superstructures of any length supported
entirely on elastomeric bearings.

For all non-exempt single span bridges, the horizontal design connection force in the
restrained direction between the substructure and the superstructure shall be 0.05 times
the tributary permanent loads. For all other non-exempt bridges, the horizontal design
connection force in the restrained direction between the superstructure and substructure
shall be 0.12 times the tributary permanent loads. The acceleration coefficient, Ag, for
the state of Florida is less than 0.05. Only the connections between the superstructure
and substructure need to be designed for the seismic forces.

2.3.2 Seismic Design for Widenings

A. When seismic design is required for a major widening (see definitions in SDG
Chapter 7), all new bridge elements must comply with the seismic provisions for new
construction.

B. FDOT will consider seismic provisions for minor widenings on an individual basis.

Modification for Non-Conventional Projects:

Delete SDG 2.3.2.B and insert the following:

Do not design minor widenings for seismic provisions unless otherwise required by the
RFP.

2.3.3 Lateral Restraint

When lateral restraint of the superstructure is required due to seismic loading, comply
with the provisions and requirements of SDG Chapter 6, "Lateral Restraint."
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2.4 WIND LOADS

241

A. Design Wind Speed
ngse1tq92d1esign 3-second gust wind speed, V, from Table 2.4.1-1 in lieu of LRFD Figure

Wind Loads on Completed Structures: WL and WS (LRFD 3.8)

Table 2.4.1-1 Design Wind Speed, V

Design Design Design

County (Dist) Sv:’);ne(:j County (Dist) Sv:)Iene(:j County (Dist) Sv:)Iene(::I

(mph) (mph) (mph)
Alachua (2) 130 Hardee (1) 150 Okaloosa (3) 150
Baker (2) 130 Hendry (1) 150 | Okeechobee (1)| 150
Bay (3) 150 Hernando (7) 150 Orange (5) 150
Bradford (2) 130 Highlands (1) 150 Osceola (5) 150
Brevard (5) 170 Hillsborough (7) 150 Palm Beach (4) 170
Broward (4) 170 Holmes (3) 150 Pasco (7) 150
Calhoun (3) 130 Indian River (4) 170 Pinellas (7) 150
Charlotte (1) 170 Jackson (3) 130 Polk (1) 150
Citrus (7) 150 Jefferson (3) 130 Putnam (2) 130
Clay (2) 130 Lafayette (2) 130 St. Johns (2) 150
Collier (1) 170 Lake (5) 150 St. Lucie (4) 170
Columbia (2) 130 Lee (1) 170 Santa Rosa (3) 150
DeSoto (1) 150 Leon (3) 130 Sarasota (1) 170
Dixie (2) 130 Levy (2) 150 Seminole (5) 150
Duval (2) 130 Liberty (3) 130 Sumter (5) 150
Escambia (3) 170 Madison (2) 130 Suwannee (2) 130
Flagler (5) 150 Manatee (1) 150 Taylor (2) 130
Franklin (3) 150 Marion (5) 150 Union (2) 130
Gadsden (3) 130 Martin (4) 170 Volusia (5) 150
Gilchrist (2) 130 Miami-Dade (6) 170 Wakulla (3) 130
Glades (1) 150 Monroe (6) 170 Walton (3) 150
Gulf (3) 150 Monroe Islands (6)1 180 Washington (3) 150

Hamilton (2) 130 Nassau (2) 130

1 For non-bridge structures use 170 mph or as modified by Vol. 3

Modification for Non-Conventional Projects:

See the RFP for possible supplemental requirements to SDG 2.4.1.A.
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B. Pressure Exposure and Elevation Coefficient, K,

Use Ground Surface Roughness Category C unless Ground Surface Roughness
Category D applies. For noise and perimeter walls, the structure height, Z, used in
calculating K, may be taken less than 33-feet provided that K, is greater than or

equal to 0.85.

C. Gust Effect Factor, G
Replace LRFD Table 3.8.1.2.1-1 Gust Effect Factor, G with the following:

Use a Gust Effect Factor, G, of 0.85 for sound barriers and all other structures.

D. Wind Loads on Noise and Perimeter Walls

Treat noise and perimeter walls as sound barriers in accordance with LRFD. Noise
and perimeter walls may be designed assuming the wind pressure is applied in
incremental strips (e.g. per each foot of wall height).

2.4.2 Wind Loads on Other Structures

For wind loading on sign, lighting, and signal structures, see Volume 3.

2.4.3 Wind Loads During Construction (LRFD 3.4.2) (Rev. 01/22)
A. See also SDG 6.10 Erection Scheme and Beam/Girder Stability.

B. Use construction wind loads to evaluate beam/girder stability during construction.

C. Calculate wind loads during construction per LRFD Equation 3.8.1.2.1-1 using the

load factors (Yws) and design wind speeds (V) in Table 2.4.3-1, the drag coefficient,
(Cp), in SDG 2.4.3.D or SDG 2.4.3.E, the Pressure Exposure and Elevation

Coefficient (K,) in SDG 2.4.1.B and the Gust Effect Factor (G) in SDG 2.4.1.C.

Table 2.4.3-1 Load Factors and Design Wind Speed During
Construction

Load Combination Design Wind Speed, V

Limit State (Yws) Construction Inactive | Construction Active

30 mph or expected wind

Strength Il 1.0 90 mph speed, if higher

30 mph or expected wind

Service | 1.0 90 mph speed, if higher

Commentary: The design 3-second gust wind speed of 90-mph represents a Mean
Recurrence Interval that is reduced from that used for final design and is not intended
to address hurricane force winds.
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Where:

Construction Inactive = periods during which construction activities associated with
the superstructure do not take place. Ex: For a typical beam/girder bridge, this
includes nonwork hours during which the beam/girder bracing is to be present.

Construction Active = periods during which construction activities take place. Ex: For
a typical beam/girder bridge, this includes beam/girder erection, form placement and
deck concrete placement. It can be assumed that the construction active period for
deck placement is in effect until the deck concrete hardens.

Check limit states separately for Construction Inactive and Construction Active wind
speeds.

D. Drag Coefficient During Construction

For an |-shaped beam/girder superstructure with 5 or less beam/girder lines and a
beam/girder spacing to depth ratio (S/D) of 3 or less, apply wind pressure to the
projected area using the drag coefficient specified in Table 2.4.3-2. For
superstructures with more than 5 beam/girder lines, apply a wind pressure to the
projected area of the first 5 beams/girders, and apply a wind pressure to the full
height of each subsequent beam/girder using the drag coefficient specified in Table
2.4.3-2.

For an I-shaped beam/girder superstructure with a beam/girder spacing to depth ratio
(S/D) greater than 3, apply a wind pressure to the full height of each beam/girder
using the drag coefficient specified in Table 2.4.3-2.

For U-shaped, flat slab, steel box girder or segmental box girder superstructures,
apply a wind pressure to the projected area using the drag coefficient specified in
Table 2.4.3-2.

The projected area shall be the sum of all areas of all components as seen in
elevation at 90 degrees to the longitudinal axis of the structure.
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Table 2.4.3-2 Drag Coefficient During Construction
Drag Coefficient (Cp)
Component Type SID=3 S/ID>3
Beams/ Beam/ Beam/ Beam/ Beam/
Girders 1-5 | Girder 6+ | Girder 1 Girder 2 | Girder 3+
I-Shaped Steel 22 1.1 25 0 1.1
Girder
o |I-Shaped Concrete
% Beam/Girder 2.0 1.0 2.0 0 1.0
2 |U-Shaped Beam/
g Girder or Steel Box 2.2
o Girder
® |Flat Slab or
Segmental Box 1.5
Girder
Substructure 1.6
Where:

« S =Beam/Girder Spacing (ft)

« D =Beam/Girder Depth (ft)

E. Drag Coefficient During Construction for Single Brace or Cross-Frame Design

Use Table 2.4.3-3 to determine the wind load applied to a single brace or cross frame
between two beams/girders. Apply wind pressure to the height of a single beam/girder.

Table 2.4.3-3 Drag Coefficient During Construction:
Single Brace or Cross-Frame Design

U-Shaped or Steel Box Beam/Girder

Component Type Drag Coefficient (Cp)
I-Shaped Steel Girder 2.9
I-Shaped Concrete Beam/Girder 2.6
3.3

Commentary: The conventional method for applying a wind load to beams/girders is to
apply the wind pressure to the projected area. The projected area is defined as the
summation of all component areas as seen in elevation at 90 degrees to the longitudinal
axis of the structure. During construction, the projected area is usually the beam/girder
height and the additional height caused by the cross-slope of the superstructure
multiplied by the beam/girder spacing. Previous code requirements implied that the
downwind beams/girders were shielded.
Lateral wind loads are calculated using a drag coefficient which is a dimensionless
quantity that relates the wind pressure on an object to its size and shape. When two
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or more beams/girders are present, the leading beam/girder acts as a windbreak and
disrupts the airflow over subsequent beams/girders, resulting in a phenomenon
referred to as aerodynamic interference (or shielding). The effect of shielding is
dependent on a number of factors including beam/girder shape, wind angle, beam/
girder spacing, and number of beams/girders. In general, all beams/girders in the
cross-section are subjected to wind loads and, in some cases, the drag coefficient
can be negative (e.g. suction).

The prescribed drag coefficients and the use of the projected area method is
intended to produce forces in the windward beam/girder and beam/girder system
similar to forces measured in the wind tunnel tests. The prescribed drag coefficients
do not indicate the exact shielding behavior.

2.5 WAVE LOADS

When bridges vulnerable to coastal storms cannot practically meet the wave crest
clearance requirement of the Drainage Manual Section 4.9.5, all relevant design
information shall be submitted to the SDO to assist in the following determinations:

1. The level of importance of a proposed bridge (“Extremely Critical”, “Critical”, or
“Non-Critical”; See Commentary below)

2. The design strategy and the associated performance objective (“Service
Immediate” or “Repairable Damage”; See AASHTO Guide Specifications for
Bridges Vulnerable to Coastal Storms Article 5.1)

3. The appropriate level of analysis (Level I, Il, or lll; See AASHTO Guide
Specifications for Bridges Vulnerable to Coastal Storms Article 6.2)

The above determinations will be made by the SDO in consultation with the DSDO,
Traffic Engineer, Environmental Engineer, Hydraulic Engineer, and/or Coastal Engineer
and will be included in the PD & E documents. As a minimum, the items listed below will
be considered in the determinations:

» Age and condition of existing bridge structure and the feasibility/cost of retrofitting to
resist wave forces (if applicable)

» Proposed bridge location and elevation alternatives (elevation relative to the design
wave crest)

+ Estimated cost of elevating the superstructure above the “wave crest clearance” (1-
foot above the design wave crest), and/or the justification of why it cannot be done

» Affect of varying wave loading on construction costs (due to location and/or height
adjustments)

» Existing and projected traffic volumes
* Route impacts on local residents and businesses
» Availability and length of detours

« Evacuation/emergency response routes
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» Duration/difficulty/cost of bridge damage repair or replacement
» Other safety and economic impacts due the loss of the structure

Except where bridges satisfy the “wave crest clearance” or are deemed “Non-Critical”,
the structures designer shall calculate and apply wave forces according to the AASHTO
Guide Specifications for Bridges Vulnerable to Coastal Storms using the
determinations defined above along with the necessary hydraulic data provided by the
coastal engineer.

Commentary: Selecting a design strategy will depend on the importance/criticality of the
bridge considering the consequences of bridge damage caused by wave forces. If a
bridge is deemed “Extremely Critical”, it would typically be designed to resist wave
forces at the Strength Limit State to the “Service Immediate” performance level. If a
bridge is deemed “Critical’, it would generally be designed to resist the wave forces at
the Extreme Event Limit State to a “Repairable Damage” performance level. Bridges
that are deemed “Non-Critical” will not be evaluated for wave forces.

Modification for Non-Conventional Projects:

Delete SDG 2.5 and see the RFP for requirements.

2.6 VEHICULAR COLLISION FORCE (LRFD 3.6.5) (Rev. 01/22)

2.6.1 General

The provisions of SDG 2.6 address protection of structures from vehicular collision. See
FDM 215 for roadside safety. Design for vehicular collision forces according to Article
3.6.5 of the AASHTO LRFD Bridge Design Specifications, 8th Edition and SDG 2.6.
With the exception of SDG 2.6.5, all references to LRFD in SDG 2.6 pertain to the 8th
Edition. Replace the term "edge of roadway" in LRFD 3.6.5.1 with "edge of traveled
way". Traveled way is defined in FDM 102.

Retaining walls of all types (MSE, CIP, sheet pile, GRS, etc.) and end bents behind any
type of retaining wall are exempt from vehicular collision.

2.6.2 New Piers

The term pier as used in this section includes and applies to new piers and new portions
of existing piers being lengthened for bridge widenings.

Provide structural resistance for piers that are within 30-feet of the edge of traveled way,
or if the edge of traveled way of a planned widening or future roadway realignment will be
within 30-feet of the pier.

Commentary: The Department's policy is to provide structural resistance to resist the
vehicular collision force, as this can be achieved at minimal cost. Redirecting or
absorbing the vehicular collision force can be used in addition to providing structural
resistance when considering redundancy of the pier, superstructure redundancy
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(multiple-load-path, superstructure continuity at the pier), and other factors such as
the combination of geometry and design speed of the roadway adjacent to the pier.

Modification for Non-Conventional Projects:

Add the following to the above paragraph:

See the RFP for information and requirements related to planned widenings and future
roadway realignments.

If shear reinforcement is used to achieve structural resistance for vehicular collision, it
must be placed from the bottom of the pier column to a distance 8-feet above the
adjacent ground surface. Consider the ground surface of a planned widening or future
roadway realignment such that the shear reinforcement will extend at least 8-feet above
the future ground surface.

Do not use intermediate pile bents within 30-feet of the edge of traveled way. When
widening a bridge with existing intermediate pile bents within 30-feet of the edge of
traveled way, use Standard Plans Index 521-002, Pier Protection Barrier to protect both
the existing and proposed portions of the bent.

2.6.3 Existing Piers

The term pier as used in this section includes and applies to piers and intermediate pile
bents.

Determine whether site conditions qualify for exemption from vehicular collision using the
procedure given in LRFD C3.6.5.1. Grade separation bridges carrying Interstate or other
high-speed limited access roadways are considered critical. Determine the ADTT based
on the design year AADT of the roadway adjacent to the pier being considered.

Modification for Non-Conventional Projects:

Add the following to the above paragraph:

See the RFP for grade separation bridges not carrying Interstate or other high-speed
limited access roadways.

Existing piers qualify for exemption from vehicular collision if the Design Speed of the
roadway adjacent to the pier is 35 mph or less.

When site conditions do not qualify for exemption and the existing pier does not have the
structural capacity to resist to the vehicular collision force, then address pier protection
as follows:

A. When the design choice is redirecting or absorbing the collision load:

1. If the pier is shielded by one of the following concrete barriers, in good condition,
then leave the existing barrier in place:
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a. 32-inch or 42-inch Design Standards Index 410 (2017 and earlier versions)
b. New Jersey Shape
c. F-Shape

Coordinate with the District Design Office and the District Maintenance Office when

assessing the condition of existing barriers to be left in place. See item 2 below if
replacement is necessary.

Modification for Non-Conventional Projects:

Delete paragraph A above and replace with the following:

See the RFP for the disposition of existing concrete barriers serving as pier protection.

Commentary: These barriers have provided overall satisfactory performance in shielding
bridge piers for many years. Therefore, replacement of existing installations of these
barriers with Standard Plans Index 521-002, Pier Protection Barrier is not warranted
at most locations, unless there is a history of truck pier collision events.

2. If the pier is not shielded by one of the existing barriers listed above, or if the

existing barrier requires replacement due to condition, then use Standard Plans
Index 521-002, Pier Protection Barrier as follows:

a. If the offset from the barrier gutterline to the pier is less than 10'-9", use a 56-
inch barrier.

b. If the offset from the barrier gutterline to the pier is greater than or equal to 10'-
9", use a 44-inch barrier.

When Resurfacing, Restoration, Rehabilitation (RRR) criteria applies, and on Limited
Access facility (Interstate, Expressway, and Freeway) resurfacing projects: If the
minimum required site distance cannot be provided with Standard Plans Index 521-002,
Pier Protection Barrier, then strengthen the existing pier in accordance with paragraph 'B'
below in a way that does not impair sight distance. If pier strengthening is not feasible,
then Standard Plans Index 521-001, Concrete Barrier Walls may be considered as pier
protection; however, a Design Variation for pier strength is required.

B. When the design choice is providing structural resistance, strengthen existing piers
by providing integral crash walls, struts, collars, etc. See SDG 7.3.6 for requirements
when using collars to strengthen existing piers.

Commentary: Redirecting or absorbing the collision load should be considered first,
however, strengthening existing piers may be appropriate where the use of Standard
Plans Index 521-002, Pier Protection Barrier would adversely affect adjacent

pedestrian facilities, utilities, sight distances on adjacent roadways, MOT patterns,
eftc.
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2.6.4 Piers Adjacent to Railroads

The provisions of this section apply to piers adjacent to railroad tracks (heavy rail) and
light rail tracks.

Follow the AREMA Manual for Railway Engineering and the requirements of the
railroad agency in identifying the need for and the design of crash walls. Isolate the crash
wall and the pier by providing separate foundations for the crash wall and pier. Crash
walls are not required at retaining walls of all types (MSE, CIP, sheet pile, GRS, etc.) and
at end bents behind any type of retaining wall. See FDM 220 for railroad horizontal
clearance requirements.

Modification for Non-Conventional Projects:

Add the following to SDG 2.6.4:

See the RFP for project specific railroad crash wall requirements.

2.6.5 Design and Analysis Methods

In addition to the general design recommendations presented in LRFD, use the following
design and analysis methods:

A. Consider the vehicular collision force per LRFD as a point load acting on the pier
column (no distribution of force due to frame action within the pier, foundation and
superstructure). Further analysis of the piles, footings, pier cap, other columns, etc.,
is not required.

Commentary: Field observation of bridge piers that have been impacted and crash
testing of other roadside hardware items indicate little opportunity for an impacted
structure to distribute the dynamic impact force during the extremely brief duration of
a crash event. The theoretical behavior of a modeled pier when loaded with the
equivalent static impact force will likely be substantially different than the behavior of
an actual pier subjected to the dynamic impact force from a vehicle crash. Thus, a
more refined analysis of the force distribution within the pier, foundation and into the
superstructure using the equivalent static force is not warranted.

B. Check the column shear capacity assuming failure along two shear planes inclined at
45-degree angles above and below the point of force application.

Commentary: Based on the observed failure mechanism of pier columns involved in
large truck collisions, an acceptable method of calculating the column strength to
resist the vehicular collision force is to assume failure along two shear planes inclined
at 45-degree angles above and below the point of force application. Reference
Research Report No. FHWA/TX-10/9-4973-1.
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2.7 FORCE EFFECTS DUE TO SUPERIMPOSED DEFORMATIONS

(LRFD 3.12)

2.7.1 Uniform Temperature

A. Inlieu of LRFD 3.12.2, Procedures A and B, substitute the following table:

Table 2.7.1-1 Temperature Range by Superstructure Material

Temperature Range (Degrees Fahrenheit)
Superstructure Material
Mean High Low Range
Concrete Only 70 105 35 70
Concrete Deck on Steel Girder 70 110 30 80
Steel Only 70 120 30 90

B. Note the minimum and maximum design temperatures on drawings for girders,
expansion joints and bearings.

C. For detailing purposes, take the normal mean temperature from this table.

D. In accordance with LRFD Table 3.4.1-1, base temperature rise and fall on 120% of
the maximum value given in Table.

2.7.2 Temperature Gradient (LRFD 3.12.3)
Delete the second paragraph of LRFD 3.12.3 and substitute the following:

“Include the effects of Temperature Gradient in the design of continuous concrete
superstructures only. The vertical Temperature Gradient shall be taken as shown in
LRFD Figure 3.12.3-2."

2.8 BARRIERS AND RAILINGS (LRFD 4.6.2.2)
2.8.1 Distribution for Beam-Slab Bridges

Distribute barrier and railing permanent loads in accordance with LRFD 4.6.2.2.

Commentary: This LRFD requirement is repeated here for clarity because previous
versions of the SDG contained a different methodology for distributing railing loads
across the width of the bridge deck.

2.8.2 Limit State Checks (LRFD 2.5.2.6, 3.4.1 and 4.6.3)

Traffic and pedestrian railings and raised sidewalks are not to be used for the
determination of deflections or for service or fatigue limit state checks.
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2.9 LIVE LOAD DISTRIBUTION FACTORS (LRFD 4.6.2.2 AND 4.6.3.1)

A. For bridge superstructures meeting the requirements of LRFD 4.6.2.2, live load
distribution factors shall not be less than the values given by the approximate
methods. In LRFD 4.6.2.2.2, extend the Range of Applicability as follows:

1. LRFD Table 4.6.2.2.2b-1:

a.

For Florida-U beam bridges (Type "c" cross-section) change the depth
parameter range to 18 < d <72, and the span length parameter range to
20<L<170.

For prestressed concrete slab beam bridges (Type "f" cross-section) change
the width parameter to 29 < b <60, and the number of beams parameter range
to 4 < Ny = 20.

For prestressed concrete I-beam bridges (Type "k" cross-section) change the
longitudinal stiffness parameter range to 10,000 < Kg < 8,500,000.

2. LRFD Table 4.6.2.2.3a-1:

a.

For Florida-U beam bridges (Type "c" cross-section) change the depth
parameter range to 18 < d < 72, and the span length parameter range to
20 <L <170.

For prestressed concrete slab beam bridges (Type "f" cross-section) change
the number of beams parameter range to 4 < N, < 20, the width parameter to

29 < b < 60, and the moment of inertia range to 5,700 < | < 610,000.

3. LRFD Table 4.6.2.2.3b-1: for prestressed concrete slab beam bridges (Type "f"
cross-section) change the width parameter to 29 < b < 60.

4. LRFD Table 4.6.2.2.3c-1:

a.

For Florida-U beam bridges (Type "c" cross-section) change the depth
parameter range to 18 < d < 72, and the span length parameter range to
20 <L <170.

For prestressed concrete slab beam bridges (Type "f" cross-section) change
the depth parameter range to 12 < d < 60, the width parameter to
29 < b < 60, and the number of beams parameter range to 4 < N, < 20.

Commentary: The LRFD distribution factor equations are largely based on work
conducted in NCHRP Project 12-26. When one or more of the parameters are outside
the listed range of applicability, the equation could still remain valid, particularly when
the value(s) is (are) only slightly outside the range. The extended values given in the
SDG which are considered slightly outside of the LRFD range of applicability allow
the use of the FDOT standard prestressed concrete beams. If one or more of the
parameters greatly exceed the range of applicability, engineering judgment needs to
be exercised.
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B. When widening existing AASHTO and Florida Bulb-T beam bridges with Florida-|
Beams, the live load distribution factors may be calculated using the LRFD 4.6.2.2
approximate method.

Commentary: The LRFD approximate method produces distribution factors that are
conservative when compared to refined analyses even though the beam stiffnesses
and spacings vary significantly.

C. Use arefined method of analysis to determine live load distribution factors for beam
or girder supported superstructures where the beams or girders are not parallel, or
approximately parallel, to the direction of traffic on the bridge, e.g. bridges used in
conjunction with braided ramps.

2.10 REDUNDANCY AND OPERATIONAL IMPORTANCE (LRFD 1.3.4 AND
1.3.5)

In considering the selection of bridge types and design parameters, special
consideration of redundancy issues shall be considered. Special attention to AASHTO
LRFD Bridge Design Specifications (Article 1.3.4) is warranted. Multiple-load-path and
continuous structures are preferred by the Department and shall be used unless
otherwise specifically authorized by the State Structures Design Engineer.

Modification for Non-Conventional Projects:

Delete the last sentence of the above paragraph and insert the following:
Multiple-load-path and continuous structures shall be used.

A. Redundancy (LRFD 1.3.4)

Delete the Redundancy Factors for the strength limit state, TIR, in LRFD 1.3.4 and
use Tlg = 1.0 except as defined below:
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Redundancy Factors, T

Component nR
Factor
Steel I-Girders in Two Girder Cross Sections’ 1.20
Welded Members in Truss/Arch Bridges 1.20
Steel Floor beams with Spacing > 12-feet and Non-Continuous Deck? 1.20
Steel Floor beams with Spacing > 12-feet and Continuous Deck? 1.10

Steel Elements (Integral Caps, Non-integral Caps, Columns, C-piers,

Straddle Piers, and Straddle Pier Caps) 1.20

Concrete Elements (C-piers, Integral Caps, Frame Straddle Piers, and

Straddle Pier Caps) 1.10

1 With at least three evenly spaced intermediate cross-frames/diaphragms or floor beams
(excluding end diaphragms) in each span.
2 Contact the SDO for direction for complex or non-standard steel floor beams.

Redundancy Factors for Steel Box Girders1, nR

e
Number of Box Girders in
Cross Section With Exterior Without Exterior
Diaphragms? Diaphragms
2 1.05 1.20
3 1.00 1.10

1 For top flange spacing more than 14-feet, submit redundancy factor for SDO approval.
2 With at least three evenly spaced exterior intermediate diaphragms (excluding end dia-
phragms) in each span. See SDG 5.6.3 for additional requirements.

The following requirements are applicable to the redundancy factor:

1. Applied at the component level. For girder components, the redundancy factor
shall not be applied to the girder reactions for the bearing, substructure and
foundation designs. For the substructure components including straddle or
integral pier caps, the redundancy factor shall not be applied to the foundation if
they are separate components (e.g. in a C-pier supported by a pile cap and piles,
the redundancy factor is not applied to the pile design). For steel non-framed
straddle or integral pier caps, the redundancy factor shall not be applied to the
column and foundation designs.
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2. Applied to flexural and axial effects of the component. For girder components, the
redundancy factor is applied to splices, connections and cross-frames/
diaphragms or floor beam designs.

Modification for Non-Conventional Projects:

Delete SDG 2.10.A.2 and insert the following:
Top flange spacing more than 14-feet is not permitted.

3. For steel components and mildly reinforced concrete components, apply the

redundancy factor to the Strength I, I, and IV Limit State. For concrete post-
tensioned components, apply the redundancy factor to the Strength | and Service
| Limit State.

4. Applicable to Pedestrian bridges.
5. Not Applicable to LRFD 3.4.2, Load Factors for Construction Loads.

For special structures (e.g. cable, suspension, and other structures not normally used by
FDOT), submit a redundancy factor to the SDO for approval.

Modification for Non-Conventional Projects:

Delete the above sentence and insert the following:
For special structures (e.g. cable, suspension, and other structures not normally used
by FDOT), submit the redundancy factor in the ATC, unless otherwise noted in the RFP.

Commentary: The intent is to apply nR at the component level. For example, n R Of1.2
for two steel box girders without exterior diaphragms is applicable to the design of the
box girders only and not to other bridge components such as the bearings,
substructure and foundation. Furthermore, several NCHRP reports (e.g. 406 and
776) have addressed redundancy in highway bridge superstructures. Due to NCHRP
Report 776 findings that continuous steel girders with non-compact negative moment
sections may not substantiate a decreased redundancy factor, the previous
distinction between simple and continuous girders has been eliminated.

B. Ductility LRFD 1.3.3 and Operational Importance LRFD 1.3.5. Delete the values for
Ductility, "D , and Operational Importance, 11/, in LRFD 1.3.3 and 1.3.5 and use
Np = 1.0 and 1y = 1.0

Modification for Non-Conventional Projects:

Delete SDG 2.10.B and see the RFP for requirements.

Commentary: The redundancy factor section first appeared in the SDG by the
implementation of Temporary Design Bulletin C06-01 and was revised in subsequent
years. The original and current intent is to apply the redundancy factor only at the
component level. Furthermore, research through several NCHRP reports (e.g. 406
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and 776) have addressed redundancy in highway bridge superstructures. Due to
NCHRP Report 776 findings that continuous steel girders with non-compact negative
moment areas may not substantiate a decreased redundancy factor, the previous
distinction between simple and continuous girders has been eliminated for now.

2.11 VESSEL COLLISION (LRFD 3.14)
2.11.1 General (LRFD 3.14.1)

The design of all bridges over navigable waters must include consideration for possible
Vessel Collision (usually from barges or ocean going ships). Conduct a vessel risk
analysis to determine the most economical method for protecting the bridge. The marine
vessel traffic characteristics are available for bridges located across inland waterways
and rivers carrying predominately barges. The number of vessel passages and the
vessel sizes are embedded as an integral part of the Department's Vessel Collision Risk
Analysis Software. The vessel traffic provided is based on the year 2,000 and an
automatic traffic escalation factor is provided by the software for the various past points
which one selects. It is recommended that the engineer compare the total vessel trip
count being used in the risk analysis with the latest total vessel trip count provided for the
appropriate section of waterway as published by the Army Corps. The escalation factor
provided by the software can be modified by the engineer. The importance classification
is provided for existing bridge sites and will be provided by the Department for any new
bridge location. Port facilities and small terminals handling ships are not covered by the
catalog of vessel traffic characteristics. In these cases, on-site investigation is required to
establish the vessel traffic characteristics. Utilize the LRFD specification and comply with
the procedure described hereinafter.

Modification for Non-Conventional Projects:

Add the following at the end of SDG 2.11.1:

See the RFP for the importance classification.

2.11.2 Research and Information Assembly
(When not provided by the Department)
A. Data Sources:

1. U.S. Army Corps of Engineers, Waterborne Commerce Statistics Center, P.O. Box
61280, New Orleans, LA 70161. Telephone: (504) 862-1472.

2. U.S. Army Corps of Engineers, Navigation Data Center
(http://Iwww.navigationdatacenter.us/publications.htm)

3. U.S. Army Corps of Engineers, "Waterborne Commerce of the United States
(WCUS), Parts 1 & 2," Water Resources Support Center (WRSC), Fort Belvoir, VA.
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4. U.S. Army Corps of Engineers, "Waterborne Transportation Lines of the United
States," WRSC, Fort Belvoir, VA.

© ® N o o

U.S. Army Corps of Engineers (COE), District Offices.
U.S. Coast Guard, Marine Safety Office (MSO).

Port Authorities and Water Dependent Industries.

Pilot Associations and Merchant Marine Organizations.

National Oceanic and Atmospheric Administration (NOAA), "Tidal Current Tables;

Tidal Current Charts and Nautical Charts," National Ocean Service, Rockville,
Maryland.

10.Bridge tender record for bascule bridge at the District Maintenance Office.

11. Local tug and barge companies.

B. Assembly of Information:

The EOR must assemble the following information:

1. Characteristics of the waterway including:

a.
b.

C.

d.

Nautical chart of the waterway.
Type and geometry of bridge.

Preliminary plan and elevation drawings depicting the number, size and
location of the proposed piers, navigation channel, width, depth and geometry.

Average current velocity across the waterway.

2. Characteristics of the vessels and traffic including:

a.
b.

C.
d.
e.
f.

Ship, tug and barge sizes (length, width and height)

Number of passages for ships, tugs and barges per year (last 5-years and
prediction to end of 25-years in the future).

Vessel displacements.
Cargo displacements (deadweight tonnage).
Draft (depth below the waterline) of ships, tugs and barges.

The overall length and speed of tow.

3. Accident reports.

4. Bridge Importance Classification.

2.11.3 Design Vessel (LRFD 3.14.4 and 3.14.5.3)

When utilizing the FDOT's Mathcad software for conducting the Vessel Collision risk
analysis, a "Design Vessel," which represents all the vessels, is not required. The
software computes the risk of collision for several vessel groups with every pier. When
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calculating the geometric probability, the overall length of each vessel group (LOA) is
used instead of the LOA of a single "Design Vessel."

2.11.4 Design Methodology - Damage Permitted (LRFD 3.14.13)

In addition to utilizing the general design recommendations presented in LRFD (except
as noted herein), the EOR must also use the following design methodology:

A. Atleast one iteration of secondary effects in columns must be included; i.e., axial load
times the initial lateral deflection.

B. The analysis must include the effects of force transfer to the superstructure.
Bearings, including neoprene pads, transfer lateral forces to the superstructure.
Analysis of force transfer through the mechanisms at the superstructure/ substructure
interface must be evaluated by use of generally accepted theory and practice.

C. The nominal bearing resistance (R,,) of axially loaded piles must be limited to the
maximum pile driving resistance values given in SDG Table 3.5.13-1. Load redistribution
is not permitted when the maximum pile driving resistance is reached.

Modification for Non-Conventional Projects:

Delete SDG 2.11.4.C and substitute the following:

C. Load redistribution is not permitted when the maximum pile driving [RC] resistance is
reached.

D. Lateral soil-pile response must be determined by concepts utilizing a coefficient of
sub-grade modulus provided or approved by the Geotechnical Engineer. Group
effects must be considered.

E. For the designer's Vessel Collision risk analysis, the FDOT will determine whether a
bridge is critical or non-critical. A list is provided with the Department's software.

F. Use Load Combination "Extreme Event II" as follows:
(PermanentLoads) + WA +FR +CV

With all load factors equal to 1.0. Nonlinear structural effects must be included and
can be significant. It is anticipated that the entire substructure (including piles) may
have to be replaced and the superstructure repaired if a bridge is subjected to this
design impact load; however, the superstructure must not collapse. For scour
considerations, see SDG 2.11.8.

Commentary: Further refinement or complication of this load combination (i.e. variable

permanent load factors Yp and a transient load factor of 0.5 as shown in LRFD Table
3.4.1-1) is unwarranted.

G. Distribute the total risk per pier as uniformly as possible while allowing practical
construction considerations. Ignore any benefit provided to the channel piers if a
fender system is provided.
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H. Pier strengths for the first two piers on each side of the channel shall be proportioned
such that the Annual Frequency of Collapse per pier shall be less than the
Acceptable Risk of Bridge Collapse divided by the total number of piers within a
distance of 6 times LOA of the longest vessel group.

2.11.5 Widenings

Major widening of bridges spanning navigable waterways must be designed for Vessel
Collision. Minor widenings of bridges spanning navigable waterways will be considered
on an individual basis for Vessel Collision design requirements. (see SDG 7.2)

Modification for Non-Conventional Projects:

Delete second sentence of SDG 2.11.5 and see the RFP for requirements.

2.11.6 Movable Bridges

For movable bridges, comply with the requirements of this chapter.

2.11.7 Channel Span Unit (Rev. 01/22)

A. The length of the main span between centerlines of piers at the navigable channel
must be based upon the Coast Guard requirements, the Vessel Collision risk analysis
(in conjunction with a least-cost analysis), and aesthetic considerations.

Modification for Non-Conventional Projects:

Delete SDG 2.11.7.A and see the RFP for requirements.

B. When vessel traffic volume at high level fixed bridges is such that the risk analysis
results in channel pier strength requirements in excess of 1,500 kips, provide a
channel span unit consisting of one of the following:

1. A minimum 3-span steel continuous unit in which the channel span is not an end
span of the unit.

2. A minimum 3-span continuous post-tensioned concrete unit in which the channel
span is not an end span of the unit.

3. Prestressed beams made continuous only for live load with a minimum 3-span
continuous deck and a single monolithic full-width continuity diaphragm at each
interior pier. The channel span shall not be an end span of the continuous unit. See
SDG 4.1.7

Commentary: For channel span units subject to high vessel impact loads, structural
redundancy is required from a risk standpoint to maximize survivability of the unit in
the case of a vessel collision with one of the piers.
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2.11.8 Scour with Vessel Collision (LRFD 3.14.1)

A. Substructures must be designed for an extreme Vessel Collision load by a ship or
barge simultaneous with scour. Design the substructure to withstand the following two
Load/Scour (LS) combinations:

1. Load/Scour Combination 1:
LS(1)= Vessel Collision @ 1/2 Long-term Scour [Eq. 2-1]

Where:
Vessel Collision: Assumed to occur at normal operating speed.
Long-Term Scour: Defined in Chapter 4 of the FDOT Drainage Manual.

2. Load/Scour Combination 2:

LS(2)= Minimum Impact Vessel @ 1/2 100-Year Scour [Eq. 2-2]

Where:
Min. Impact Vessel as defined in LRFD 3.14.1 with related collision speed.
100-Year Scour as defined in Chapter 4 of the FDOT Drainage Manual.
B. When preparing the soil models for computing the substructure strengths, and when
otherwise modeling stiffness, analyze and assign soil strength parameters to the soil
depth that is subject to Local and Contraction Scour that may have filled back in. The

soil model must utilize strength characteristics over this depth that are compatible
with the type soil that would be present after having been hydraulically redeposited.

Commentary: In many cases, there may be little difference between the soil strength of
the natural streambed and that of the soil that is redeposited subsequent to a scour
event.

2.11.9 Application of Impact Forces (LRFD 3.14.14) (Rev. 01/22)
Apply the vessel impact forces per LRFD 3.14.14 as shown in Figure 2.11.9-1.
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Figure 2.11.9-1 Application of Vessel Impact Forces on Footings,
Piers and Columns

— ¢ Footing

PLong/tudinal

NOTE: PT/'ansverse and PLongitud/na/

are applied separately per
LRFD 3.14.14.

P .
Transverse

FOOTING PLAN
(Stadium shape footing shown, other footing, pier and column shapes similar)

2.11.10 Impact Forces on Superstructure (LRFD 3.14.14.2)
Apply Vessel Impact Forces (superstructure) in accordance with LRFD 3.14.14.2.

2.11.11Footing, Pier and Column Shapes

Design and detail all substructure bridge components within 3xLOA on either side of the
centerline of the channel subject to direct vessel impact, such as waterline footings, piers
and columns supported on mudline footings, and bascule piers to have rounded faces
adjacent to approaching vessels. See Figure 2.11.11-1 for examples.

Commentary: Research conducted at the University of Florida has shown that the
magnitude of the force imparted onto the structure by an aberrant barge during a
collision is largely dependent on the pier/footing geometry. The internal steel
structure of the barge consists of longitudinal steel frames that are spaced at 2 to 3-
feet. As the barge bow engages the structure, the force imparted onto the structure is
proportional to the number of frames engaged in the impact simultaneously. A flat
surface impact will engage and buckle all the frames simultaneously whereas a
curved or rounded shape will engage and buckle the longitudinal frames sequentially,
thus reducing the impact force imparted onto the pier/footing.
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Figure 2.11.11-1: Rounded Footing, Pier and Column Shapes
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