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Florida Department of Transportation

• Decentralized state transportation agency responsible for 
planning, design, construction, operation, and maintenance of 
the State Highway System.

• Seven Districts + Turnpike + Central Office

• Approximately 13,000 bridges statewide

• In-house vs. consultant design

3



Florida Department of Transportation

• State Materials Office (SMO) 
based in Gainesville, FL

• Materials Acceptance and 
Certification

• Research support and 
implementation
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Florida

• Why visit Florida? 

• Warm climate

• 8,000+ miles of coastline!

• Fun!
• Theme Parks 

• Rocket Launches 

• Water Activities

• Wildlife 
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OUTLINE

• Foundational Science
• Why Corrosion Matters? 

• Framework
• State Materials Office 
• Corrosion Research Lab

• Execution 
• Corrosion Assessment 
• Program Management

• Future
• Data-Driven Performance Logistics
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WHAT IS CORROSION? 

• In Florida, over 8,000 miles of tidal 
coastline and over 12,000 bridges 
are considered extremely 
corrosive.

• Bridge substructure is commonly 
affected by corrosion-induced 
damage. 
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WHY DOES CORROSION MATTER?

• Safety

• Service Life Reduction 

• Structure Integrity

• Maintenance Costs

• Environmental Impact

Fern Hollow Bridge, Pittsburgh, Allegheny County, Pennsylvania January 28, 2022.
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IBT/ABC-UTC May Webinar 

More Information about Fern Hollow Bridge



WHERE CORROSION HAPPENS?

• Problem
• Corrosion damages concrete & steel components

• Leads to cracking & spalling

• High repair costs & safety risks

• Challenges
• Marine environment

• Soil resistivity/pH

• Heat & humidity

• Sulfate 

• Other
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WHEN CORROSION HAPPENS?

• Anode: The site where metal ions dissolve into the electrolyte and electrons are released 
(Oxidation).

• Cathode: The site where electrons are consumed through a reduction reaction, often involving 
oxygen.

• Electrolyte: The conductive medium (moisture) that allows ions to move between the anode and 
cathode.

• Metallic Path: The physical connection that allows electrons to flow internally from the anode to the 
cathode.

Chloride penetration – green patches
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WHO IS AFFECTED BY CORROSION?

• Numbers of Bridge : 12,973

• Number of Bridges Beyond Design Life 
(2025): 3,404

• Florida’s Future Budget (Dec 5, 2023): $381.7 
million for bridge maintenance repairs and 
replacements. For scheduled repairs of 62 
bridges and the replacement of 15 bridges.

• Number of Bridges Beyond Design Life Over 
the Next 5 Years: +553

• Current Design Year: 75 yrs (100 yrs)

<2025
26%

2025-2030
4%

2030-2035
5%

2035-2040
6%

2040-2045
6%

>2045
53%

BRIDGE DESIGN LIFE STATUS OVERVIEW
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HOW TO STOP CORROSION? 

• Structure design

• Chemical inhibitors

• Corrosion-resistant materials

• Protective coatings

• Cathodic Protection
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AASHTO Guide Specification for Service Life Design of Highway Bridges



STATE MATERIALS OFFICE (SMO) 

• Focus: Establishes policies and 
procedures for the Florida 
Department of Transportation's 
Materials Program.

• Units: Structural Materials, 
Asphalt, Geotech, Pavement

• Location: 5007 N.E. 39th Avenue 
Gainesville, FL 32609

• Learn more: 
https://www.fdot.gov/materials/def
ault.shtm
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MATERIALS DURABILITY AND TECHNOLOGY 

• Team
• Corrosion Research Team

• Corrosion Mitigation Field Team

• Composite Materials Team

• Structural Integrity Assurance 
Team

• First impressed current Test 
January 1975 conducted by 
Bob Brown. 
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TEAM FUNCTIONS 

Corrosion 
Research 

• Long-Term 
Research

• Corrosion-Inhibit 
Materials

• Corrosion 
Parameters

Corrosion 
Mitigation 

• Corrosion 
Assessment

• Cathodic 
Protection

• Forensic 
Inspection

Composite 
Materials 

• Reinforcement  
• Plastic Pipe
• Nonmetallic 

Accessory 
Materials

Structural Integrity 
Assurance 

• Commercial 
Inspection

• Coating System
• Timber 
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TECHNICAL SUPPORT

• Each district has the ability to reach out to the Field Team and 
request our assistance with any project. The services we provide are:
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Service
1

Service
2

Service
3

Service
4

Service
5

Service
6

Corrosion 
Evaluation, 

NDE or 
Cores

Design of 
Corrosion 
Prevention 

System

Installation 
the CP 
System

Monitoring,
Calibration, 

Repairs 

Independent
Assurance 

Research and
Implementation



CORROSION ASSESSMENT 

History

Design

Construction 

Maintenance 
Records

Others

Environment

Classification 

Weather

Area

Cracking 

Corrosion 

Non-
Destructive 

Testing 

Sample

Coring 

Sampling
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NON-DESTRUCTIVE TESTING 

Pailes, B.M., Damage identification, progression, and condition rating of bridge decks using multi-modal non-destructive testing, Rutgers 
University, 2014

• Electrical Resistivity 
• Concrete Permeability

• Corrosion Potential
• Active Corrosion

• Ground Penetrating 
Radar/Ultra Sonic

• Cover Depth

• Spacing

• Moisture 

• Anomaly
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NON-DESTRUCTIVE TESTING 
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2026 World Bridge Engineering Conference – 12/1 and 12/2 2026

Non-Destructive Testing Workshop – 11/30/2026



CORRODED TENDONS
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POST TENSION EVALUATION (EXTERNAL TENDON)
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CATHODIC PROTECTION (CP)

• Cathodic Protection (CP) is a technology 
used to mitigate corrosion of metals 
embedded in concrete. 

• Based on research, the FHWA 
concluded that CP is the only 
rehabilitation technology that has been 
proven to stop corrosion in salt-
contaminated bridge deck regardless of 
the chloride content of the concrete. 

FHWA-RD-01-096 Long-Term Effectiveness of Cathodic Protection Systems on Highway Structure, 2003
Stratfull, R.F., "Experimental Cathodic Protection of a Bridge Deck," Transportation Research Board No. 500, pp. 1-15, 1974, and
Federal Highway Administration Report4
No. FHWA-RD-74-031, January 1974, Washington, DC. 
Barnhart, R.A., Federal Highway Administrator, Memorandum entitled "FHWA Position on Cathodic Protection Systems," April 1982, 
Federal Highway Administration, Washington, DC.
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CATHODIC PROTECTION (CP)

CP is an electrochemical method of 
corrosion control/protection that 
takes advantage of the 
electrochemical nature of corrosion 
by transforming a metal (anode) into 
a non-corroding cathode.
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GOAL: To provide an extension of 
the service life as needed.
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CORROSION - MACROCELL
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TYPES OF CATHODIC PROTECTION 

• Galvanic (sacrificial anode) Protection
• A more reactive metal like zinc, magnesium, or aluminum is attached to 

the structure & corrodes instead of the steel reinforcement.

• Impressed Current Cathodic Protection
• Uses an external power source to drive a current through an inert 

anode, offering more control and power.

Galvanic CP
Impressed 
Current CP
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TYPES OF CATHODIC PROTECTION
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• GCP
• Zinc-based Galvanic CP Systems
• Arc-Sprayed Zinc
• Expanded Zinc Mesh and Bulk Anode
• Imbedded Zinc Anode
• Surface Mounted Zinc Anode

• ICCP
• Arc-sprayed Zinc Impressed-current CP Systems
• Titanium-based Impressed-current CP Systems
• Conductive Paint Impressed-current CP Systems
• Conductive Polymer-based Impressed-current CP Systems
• Coke Breeze-based Impressed-current CP Systems .



GALVANIC CATHODIC PROTECTION (GCP)
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IMPRESSED CURRENT CATHODIC PROTECTION (ICCP)
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SUMMARY

ICCPGCPItems
A year (with remote monitoring system)
Two – Six months (depends on the 
system and age of the structure)

Two yearsInspection Frequency

Visual Inspection 
Corrosion Development 
System Functionality 
Adjustment 

Visual Inspection 
Corrosion Development 
System Functionality 

Inspection 

> 20 years< 20 years
Expected Service Life 
Before Rehabilitation

Higher (Average $3,500)Lower (Average $2,000)Cost 
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INTRODUCTION TO CATHODIC PROTECTION (CP) 

• There are currently 246 bridges that 
require the SMO team to monitor 
and inspect

• 209 Galvanic CP systems

• 37 Impressed Current CP systems 

• For the past six years 5 bridges per 
year have been added to this list.
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CATHODIC PROTECTION PROGRAM MANAGEMENT

• Ensures Effective Corrosion Protection
• CP systems must maintain a certain voltage or current level to prevent corrosion.
• Inspection ensures the system is functioning as intended.

• Prevents System Failures Early
• Power supply failures (especially for impressed current systems), depleted sacrificial anodes, 

or damaged wiring can cause CP systems to stop working.
• Regular inspections help identify these failures before significant corrosion occurs.

• Extends the Life of CP System
• Routine inspections can be used to track the consumption rate of sacrificial anodes and the 

performance of rectifiers, allowing for timely maintenance and replacement.

• Improves Cost Efficiency
• Proactive inspection & monitoring reduces costly emergency repairs and unexpected 

infrastructure failures.
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PROJECT DEVELOPMENT

State Materials Office 
/State Materials Office Contract

Periodically Inspection & Calibration 

Districts Maintenance Office 
Receive Inspection Report

Districts Maintenance Office 
Project Development

(Repair, Update for CP system ONLY )

Districts Maintenance Office
Project Initiate

State Materials Office Contract 
Design & Review 

State Materials Office 
Project Initiate 

Engineering Consultant Firm 
Engineering Support

Districts Maintenance Office 
Project Complete

Functional
Non-Functional

State Materials Office 
Review Inspection Report and 

Recommendations
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POLICY AND SPECIFICATIONS

• From Technical Special Provisions to Developmental Specifications
• TSP 457 - GALVANIC CATHODIC PROTECTION JACKETS

• Division II – Dev 457 CATHODIC PROTECTION OF STEEL IN CONCRETE

• Performance Based Specification
• CP Jacket (GCP and ICCP) : Published

• Point Anodes : Developing

• Arc Arc-Sprayed Zinc : Developing

• Other: Developing 

• Division III – Dev 939 CATHODIC PROTECTION SYSTEM MATERIALS
• Only Type of Materials 

• Key Components of CP

• Color Codes Requirements 
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MONITORING

• Ensures Effective Corrosion 
Protection

• Prevents system Failures 
Early

• Extends the Life of CP 
System

• Improves Cost Efficiency
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DATA-DRIVEN PERFORMANCE LOGISTICS 

• Leverage Technology

• Standardize Data

• Digitalize Data 

• Redirecting Funds

• Asset Management

• Optimized Program

• Corrosion Risk Analysis

• Bridge Management System

• AI Implementation
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RETROFIT SOLAR ICCP SYSTEM

• With the standardization of solar power 
supply, SMO is toward a renewable energy 
platform for all CP systems.

• Solar power improves the feasibility and 
reduces the cost of implementing CP systems 
across most structures in Florida.

• SMO continues to explore alternative power 
sources to provide optimized and consistent 
power for CP systems.
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BEST PRACTICES-SKYWAY BRIDGE

• Single channel

• Radio communications

• Battery / Solar powered

• AC powered cellular gateway
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BEST PRACTICES-SKYWAY BRIDGE

• Solar powered ICCP system

• Easy to use UI interface

• Autogenerated graphs
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PRACTICES-METALIZING
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Crack in 
Girder

Arc-Sprayed 
Zinc Coatings

Arc-Sprayed 
Zinc Coatings

Crack in 
Girder

Arc-Sprayed Zinc 
Coatings



PRACTICES-METALIZING
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• Uneven Metalizing leads to corrosion differentials.

• Delamination, aging, and exposure degrade performance.

• High-risk in salt-laden environments like Florida Keys.

• Macrocell corrosion has been observed when Metalizing gaps are 
<10 ft.

• AMPP TM0213-2013: warns of edge effect corrosion at coating 
boundaries. (Halo Effect)



HYBRID CP SYSTEM

• Running ICCP during the day, 
running GCP at night.

• Building on the current GCP 
system.

• Adopting a solar power system.

• Optimizing the current CP system.

• Extending Service Life.

• Reducing Inspection Periods.

42



CURRENT CHALLENGES

43



FUTURE
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Questions

Oliver Chung, PhD, PE
Corrosion and Composite Materials Engineer

oliver.chung@dot.state.fl.us


