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ABSTRACT & SPEAKERSABSTRACT & SPEAKERS

Summary: 

Florida DOT is privileged to have its own Structures Research Center (SRC) to assist in-

house engineers, or contracted universities, and occasionally commercial producers with 

full scale structural element testing for applied research and demonstration purposes. 

Due to limited resources these activities are focused on mission critical activities often 

associated with innovative structural materials or systems. 

Independent but cognizant of these activities, the Structures Design Office oversees a 

Design Innovation initiative which develops and monitors design guidance and 

demonstration projects for deployment of innovative structural materials and systems. 

This presentation will highlight some of the recent applied research coordinated by the 

SRC, outline the FDOT’s innovative structural material implementation, and highlight 

some of the early demonstration projects.

Speakers:  FDOT State Structures Design Office (Tallahassee)

Will Potter, P.E.: Assistant State Structures Design & Manager of Structures Research 

Center

Steven Nolan, P.E.: Senior Structures Design Engineer
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Innovative Structural Research at FDOT Innovative Structural Research at FDOT 

Florida’s History with Innovation and Research
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Marcus H. Ansley FDOT Structures Research CenterMarcus H. Ansley FDOT Structures Research Center
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Structures Research Center CapabilitiesStructures Research Center Capabilities
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• 11 Full Time Staff

• 4 Engineers, 6 Technicians and 1 Admin Assistant

• 110-ft x 50-ft Strong Floor

• Outdoor Pendulum Facility

• Bridge Load Testing Program



Ultra-High-Performance Concrete (UHPC)Ultra-High-Performance Concrete (UHPC)
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Florida Slab Beam with

6” Concrete Deck

Florida Slab Beam with

UHPC Closure Pour



Florida Slab Beam w/ UHPC JointsFlorida Slab Beam w/ UHPC Joints
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Strength Testing to Evaluate Overall Joint Integrity



Hybrid Prestressed Concrete Girder with UHPCHybrid Prestressed Concrete Girder with UHPC
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Objective

• Evaluate the effectiveness of UHPC to contribute to the structural 

performance of prestressed girders

• Reduce or eliminate visible end-region cracking
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Hybrid Prestressed Concrete Girder with UHPCHybrid Prestressed Concrete Girder with UHPC



UHPC Industry CollaborationUHPC Industry Collaboration
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• Collaborate with Florida Precaster’s to 

evaluate and test all UHPC Piling and 

Beam Concepts

• Florida is fortunate to have 2 Precaster’s 

that have UHPC mixes and willing to 

contribute to the state of knowledge
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UHPC Industry CollaborationUHPC Industry Collaboration



UHPC Box BeamUHPC Box Beam
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Corrosion Resistant/Free Prestressed PilingCorrosion Resistant/Free Prestressed Piling
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Carbon Fiber and High-Strength 

Stainless Steel Prestressed Piling

• Constructability

• Strength and Behavior Evaluation

• Flexure

• Shear

• Transfer/Development Length

• Drivability

• Implementation 

• Standard Plans (455 series)
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Corrosion Resistant/Free Prestressed PilingCorrosion Resistant/Free Prestressed Piling

Duplex 2205 Alloy ASTM A416 PC Strand CFRP

Diameters (in) 0.375 to 0.7* 0.375 to 0.7 0.375 to 0.7**

Tensile Strength (ksi) 240 250, 270, 300+ 300+

Elongation @ UTS ≥ 1.4% (1.4-2.0) ≥ 3.5% (5.0-7.0) ≥ 1.2%

Relaxation < 2.5% < 2.5% < 6.0%

Elastic Modulus (ksi) 24,500 28,500 ≥ 17,000

Standard Plans



High-Strength Stainless Steel Prestressing 

- Flexural Applications -

High-Strength Stainless Steel Prestressing 

- Flexural Applications -
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Duplex 2205 



High-Strength Stainless Steel Prestressing 

- Flexural Applications -

High-Strength Stainless Steel Prestressing 

- Flexural Applications -
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High-Strength Stainless Steel Prestressing 
- Flexural Applications -

High-Strength Stainless Steel Prestressing 
- Flexural Applications -



FRP Pile Splices (Unforeseen/Preplanned)FRP Pile Splices (Unforeseen/Preplanned)
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FRP Pile Splices (Unforeseen/Preplanned)FRP Pile Splices (Unforeseen/Preplanned)
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Testing based on comparison with conventional splices

Variables included:

• Splice dowel material (CFRP/GFRP/Steel)

• Splice length/method

• Unforeseen or Preplanned

• Strand material



GFRP Spirals in Prestressed PilingGFRP Spirals in Prestressed Piling
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GFRP Spirals in Prestressed PilingGFRP Spirals in Prestressed Piling



Agency InitiativesAgency Initiatives
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Innovative Structural Materials ImplementationInnovative Structural Materials Implementation

• Why

• What

• How
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Why? Bridge Durability & Structural AdvancementWhy? Bridge Durability & Structural Advancement

• Durability needs – low-maintenance, extended service-

life, cost-effective solutions, reducing work zones.

• Structural needs – Inspectable, repairable, robust, 

extended span lengths (light-weighting and/or high-strength 

& high-endurance):

• HSSS-Prestressed Concrete (2205 Duplex SS)

• CFRP-Prestressed Concrete (Carbon strands)

• FRP-Reinforced Concrete (Glass & Basalt)

• Ultra-High Performance Concrete (UHPC)

• Light-weight Concrete or FRP (Longer spans and/or less 

shipping cost)

HOLY 

GRAIL

Highly 

Corrosion-

Resistant 

(HCR)

Structural 

Advancement

?
5
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• Florida maintains more than 150 million sq.ft. of bridge area (7044 FDOT bridges2);

• Florida has more than 4,000 miles seawall-bulkheads3.

Seven Mile Bridge “New” and Old (Florida Keys)

Gandy Blvd. seawall 

(Tampa Bay)Jupiter (FL)

Lower Keys
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Why use HCR materials for Bridges & StructuresWhy use HCR materials for Bridges & Structures

(1) Gittman et al. (2015) https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1890/150065

(2) FDOT Bridge Inventory – 2020 Annual Report

(3) Estimates from Gittman et al. (2015)

1912

1938

1982

(1)
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• Failure of structures exposed to aggressive 
environments is often corrosion of the steel 
reinforcement;

• Chlorides from air-borne salt or seawater 
penetrate concrete and reach steel rebar:

✓ via concrete porosity

✓ via cracks 

• Corrosion is also accelerated by 
carbonation of concrete that lowers the pH;

+  FRP has low electro-magnetic interference 
(for electronic tolling)

+  FRP has low electrical conductivity 
(eliminates stray current corrosion)

+  FRP, SS & UHPC have lower ownership 
costs.

7

Why use HCR materials for Bridges & StructuresWhy use HCR materials for Bridges & Structures
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Figure 1 from: 

Corrosion 

Mechanism in 

Reinforced 

Concrete(from Maia 

& Alves, 2017)

Why use HCR materials for Bridges & StructuresWhy use HCR materials for Bridges & Structures
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Source (2) https://fdotwww.blob.core.windows.net/sitefinity/docs/default-

source/maintenance/str/bi/florida_bridge_inventory_2019_annual_report.pdf

(2) 
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Source (1): 2020 FDOT Bridge Maintenance Annual Report(1)
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Florida DOT Transportation Budget 

FY 2019/2020

➢ ~50% for combined Maintenance, Operations, 

Repair, Rehabilitation and Deficient Bridge 

Replacement (hatched areas).

US Public Spending on Transportation and Water Infrastructure 
1959 to 2017  - State and Local Funding only (CBO 2018)

Why use HCR materials for Bridges & StructuresWhy use HCR materials for Bridges & Structures

www.ASCEgrandchallenge.com

“Reduce the life cycle 

cost of infrastructure by 

50% by 2025 and foster 

the optimization of 

infrastructure investments 

for society”

9

Tent. FY 

2021/22
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[$1B ?]

(89/18)

[$0.5B]

[$xxx]

210 miles

[$2.5B] 

[$1.2B]

http://www.ascegrandchallenge.com/


Non-Corrosive

Highly Corrosion-Resistant

+ Stainless-Steel Prestressing Strand & Rebar

What?  Bridge Durability & Structural AdvancementWhat?  Bridge Durability & Structural Advancement

“invitation-to-innovation”
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Bulkhead 

Cap

Bridge Durability & Structural AdvancementBridge Durability & Structural Advancement

Concrete 

Sheet 

Pile Wall

MSE Wall 

Panel Rebar

CFRP/SS strand

or FRP or Hybrid Girders 

or UHPC

Barrier

CFRP or SS Strand

B&GFRP or SS Rebar

HCR Bridge Girders

HCR Traffic Barriers

Where are HCR material systems used 

in Bridges & Structures ?
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An example of the coastline paradox. If the coastline of Great Britain

is measured using units 100 km (62 mi) long, then the length of the 

coastline is approximately 2,800 km (1,700 mi). With 50 km (31 mi) 

units, the total length is approximately 3,400 km (2,100 mi), 

approximately 600 km (370 mi) longer.FLORIDA POPULATION GROWTH

2018

Overseas 
RR & 1st

Hwy

2nd Overseas Hwy 
(Replacement)

Where does HCR technology lay on this 

chart for FDOT Bridge & Strutures?

How?  Bridge Durability & Structural AdvancementHow?  Bridge Durability & Structural Advancement

Source: Gartner Inc. Hype Cycle

D
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Where we are now?

• How do we bridge the gap 

between innovation and 

institutional adoption and keep 

up with our FTP needs?
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LCC & LCA can show the sustainable (economic and environmental) 

advantage of composite structures in the coastal environment:

Cost Justification (Life-Cycle Cost & Assessment)Cost Justification (Life-Cycle Cost & Assessment)
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Current CS-RC/PC process HCR-RC/PC alternative

Charts: Cadenazzi, T., Dotelli, G., Rossini, M., Nolan, S., and A. Nanni. (2019). Cost and Environmental Analyses of 

Reinforcement Alternatives for a Concrete Bridge. Structure and Infrastructure Engineering.

7
5
-y

e
a

rs

CE = 70% -100%

1
0
0
-y

e
a

rs
 +

 

Over-strength design to accommodate 

diminishing degradation over time
Increasingly more deterioration 

and repair costs over time

Service/Operating Stress Level Service/Operating Stress Level 
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Life-Cycle Cost (LCC) analysis can show the sustainable (economic) advantage 

of FRP structures in the coastal environment:

Cost Justification (Life-Cycle Cost Analysis)Cost Justification (Life-Cycle Cost Analysis)

14

Example LCC Comparison of Carbon Steel-RC/PC verses FRP-RC/PC bridge 

(adapted from Cadenazzi et al. 2019)
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2% Range in 

Discount Rate

CS-RC/PC

FRP-RC/PC

~$1,500,000

(~20%)
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Implementing Technology for Longer-Lasting 

Bridges & Structures

Implementing Technology for Longer-Lasting 

Bridges & Structures

How do we encourage more Local Agency & District innovation 
participation?

1. Schedule is always a challenge – seems its always “too early” or 
“too late”.

2. Construction is not the ideal time to propose innovative material 
alternates, but often that is what industry must default too thru the 
CSI process – engineering cost and schedule risk is passed on to 
the contractor.

3. Implementation at the beginning of the consultant’s Design 
Contract is too slow → 3-6 years before construction complete.

→ Need a more nimble and equitable process!

Innovative Structural Research & Demonstration Project implementation by the Florida DOT (2021)
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What could a more nimble and equitable process look like?

• Nimble – encourage alternate designs post-BDR & during procurement 
of contractor.

• Equitable   – (1) Pay for the design of recognized innovative 
alternates upfront (Design-Innovation) in addition to 
conventional design (~ADAB) = “Low-Bid” (A);

– (2) Bid alternates recognize the life-cycle cost benefits           
= “Best Value Bid” (A+D)

• Incentivize – For “Cost Savings Initiatives” (CSI ~VE) proposals using 
select higher-performing materials (eg. Design-Innovation)→ Give up 
DOT portion of savings – no sharing.

• Empower other Stakeholders – cost adjustment and schedule 
extensions until institutionalized.

Innovative Structural Research & Demonstration Project implementation by the Florida DOT (2021)
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Implementing Technology for Longer-Lasting 

Bridges & Structures

Implementing Technology for Longer-Lasting 

Bridges & Structures



Negative effects of a more nimble and equitable process?

• Nimble – mistakes due to new procedures & doing more with the 

same or less?

• Equitable – cost & time increase for design and/or construction.

• Incentives – less cost sharing with the Department.

• Empowering other Stakeholders – loss of owner control.
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Implementing Technology for Longer-Lasting 

Bridges & Structures

Implementing Technology for Longer-Lasting 

Bridges & Structures



Positive outcomes of a more nimble and equitable process?

• Nimble – more responsive to innovation and scalable deployment, 

– can bring new business to the State if the market is 

seen as more open than other places.

• Equitable – all solutions are evaluated based on value.

• Incentives – makes the DOT look more progressive to industry & 

public & can develops new industries!

• Empowering other Stakeholders – more buy-in or “ownership” of 

the implementation challenges by others.

18
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Implementing Technology for Longer-Lasting 

Bridges & Structures

Implementing Technology for Longer-Lasting 

Bridges & Structures



Project Fast-FactsProject Fast-Facts
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Fast-Facts: 

https://www.fdot.gov/structures/innovation/FRP.shtm#link9
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Project Fast-FactsProject Fast-Facts
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Fast-Facts: 

https://www.fdot.gov/structures/innovation/FRP.shtm#link9
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GFRP Secant-Pile Shaft cages for A1A-

Flagler Beach seawall (2019) CFRP-PC FSB’s US-1/Cow Key: 3 full span 

replacements (2020)

https://www.fdot.gov/structures/innovation/FRP.shtm#link9


Project Fast-FactsProject Fast-Facts
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Fast-Facts: https://www.fdot.gov/structures/innovation/FRP.shtm#link9
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UHPC 30” H-Pile CR339, Taylor County

UHPC Link Slab, US41 over 

Sunset Waterway (2020) 250’ simple span pending? 

https://www.fdot.gov/structures/innovation/FRP.shtm#link9


QuestionsQuestions
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The Grades are in:

• C- (Infrastructure)
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Missouri:

https://infrastructurereportcard.org/
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