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Advanced Materials for Structures initiatives within the State Structures Design Office and includes FRP composites, High-
Strength Stainless Steel strands, Fiber-Reinforced Concrete, and Ultra-High Performance Concrete materials. In his 24 
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a reviewer for several engineering journals. Steven has co-authored and presented numerous papers on FRP and 
prestressed concrete related to bridges and coastal structures.



ABSTRACT

C5h¢ Ƙŀǎ ōŜŜƴ ƛƴǾƻƭǾŜŘ ƛƴ ǊŜǎŜŀǊŎƘƛƴƎ ŎƻƳǇƻǎƛǘŜ CwtΩǎ ǎƛƴŎŜ ǘƘŜ ƭŀǘŜ мфулΩǎΦ ¢Ƙƛǎ ǊŜǎŜŀǊŎƘ ƭŜŘ ǘƻ ǎǳŎŎŜǎǎŦǳƭ ǇǊƻƧŜŎǘ 
ŀǇǇƭƛŎŀǘƛƻƴǎ ōŜƎƛƴƴƛƴƎ ƛƴ ǘƘŜ мффлΩǎ ŦƻǊ ōǊƛŘƎŜ ǎǘǊǳŎǘǳǊŜ ǊŜǇŀƛǊ ŀƴŘ ǎǘǊŜƴƎǘƘŜƴƛƴƎ ǘȅǇƛŎŀƭƭȅ ǊŜǉǳƛǊŜŘ ŘǳŜ ǘƻ ŜƛǘƘŜǊ 
corrosion and/or truck impact damage and continues to evolve today. 

.ǊƻŀŘ ǳǎŜ ƻŦ ŎƻƳǇƻǎƛǘŜ Cwt ǎǘǊǳŎǘǳǊŜǎ ŦƻǊ ƴŜǿ ŎƻƴǎǘǊǳŎǘƛƻƴ ōŜƎŀƴ ƛƴ ǘƘŜ нлллΩǎ ǿƛǘƘ ƴŀǾƛƎŀǘƛƻƴŀƭ ŦŜƴŘŜǊ ǎȅǎǘŜƳǎ ǘƘŀǘ 
are used to guide vessels and protect bridge piers. Later research and demonstration of lightweight applications for 
bridge deck panel evaluation and other minor structural components. Hybrid composite beams coupling FRPand 
concrete are now gaining acceptance and have been showcased on a few Florida structures, bolstered by the success 
of other state DOTs. The broadest implementation for new construction applications is with composite rebar starting in 
ǘƘŜ нлмлΩǎ ŀƴŘ ǘƘŜ ǇǊƻƎǊŜǎǎƛƴƎ ǘƻ ǇǊŜǎǘǊŜǎǎŜŘ ŎƻƴŎǊŜǘŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ōȅ ƳƛŘ-decade. Other ancillary structures find use 
of composites under new construction in minor applicationsbut the reinforced & prestressed concrete are currently 
receiving the most attention with broadening of fiber types and resin systems. 

A robust framework for manufacturer approval and product verification, coupled with standard specification and 
design guidance is evolving. Proliferation of design practices and partnering with other state and infrastructure 
stakeholders is consider key to driving further development of innovation and delivering cost effective solutions that 
can succeed at an infrastructure scale and within the existing culture of the construction industry. This presentation 
ǿƛƭƭ ǿŀƭƪ ǘƘǊǳ C5h¢Ωǎ ƧƻǳǊƴŜȅ ŀƴŘ ǇǊƻǾƛŘŜ ǎƻƳŜ ƛƴǎƛƎƘǘǎ ƻƴ ǿƘŀǘ ŀ ǎǳŎŎŜǎǎŦǳƭ ǾŀƭǳŜ ǇǊƻǇƻǎƛǘƛƻƴ ŦƻǊ ǘƘŜ ŦǳǘǳǊŜ ŎƻǳƭŘ 
entail.

Advancements in FRP composite usage for Highway Infrastructure in Florida
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OUTLINE
1. The Value Proposition

2. Expanding Range of Product Solutions

3. Recent Full-Scale Testing Examples

4. Implementation Tools for Designers, Contractors, 
& Owners

5. Projects Examples
6. Lessons Learned from the Real World

7. Forecasting the Future
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The Value Proposition ς

Structural Advancement & Durability 
(Resilience & Sustainability)

1. High Tensile Strength

2. Low Unit Weight

3. High Durability (corrosion-free)

4. Innovative Technology Development

5. Local/Regional Manufacturing 
Opportunities

6. Low Carbon Footprint? F
ib

e
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The Value Proposition

Durable Solutions and Life Cycle Cost Benefits

Å Service Life Expectations for Structures
Å Alternative Design Strategies
Å Life Cycle Cost policy and comparisons

Seven Mile Bridge ñNewò and Old (Florida Keys)

Lower Keys

1976 & 1983

1912

1938
1982

Bermuda 2021



7Advancements in FRP composite usage for Highway Infrastructure in Florida

ÅFDOTôs Structures Asset Inventory (2019/20)
ï12,529 bridges in the State of Florida

ï7,044 bridges maintained by FDOT

ï150,227,048 SF of deck area

ï5,485 maintained by others (County, City, Federal)

ï2,143,163 SY of noise barrier wall

ï379.22 miles of retaining wall

ï72.8 miles of seawall

ÅFDOT bridges classified in an aggressive environment:
ï1,534 Bridges

ï68,857,118 SF Deck 

or about 46%

Taking stock of our Bridge & Structures Infrastructure
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Cwt ƳŀǘŜǊƛŀƭ ǎȅǎǘŜƳǎ ǳǎŜŘ ƛƴ C5h¢Ωǎ IƛƎƘǿŀȅ 
Bridges & Structures

1. FRP-Prestressed Concrete (PC): 

ï Prestressed Beams  - CFRP strands, GFRP/BFRP auxiliary rebar

ï Bearing Piles ïCFRP strands, spirals, & splice dowels, (GFRP/BFRP? auxiliary rebar )

ï Sheet Piles - CFRP strands, GFRP (BFRP ? submerged) stirrups 

2. FRP-Reinforced Concrete (RC): 

ï CIP Decks & Flat-Slab Bridges - GFRP (BFRP now allowed)

ï Seawalls ïGFRP (submerged)

ï Bulkhead Caps ïGFRP/BFRP

ï Retaining Walls - GFRP/BFRP

ï Drainage Structures/Box Culverts ï(no recent examples)

3. FRP Elements (MS): 

ï Fenders, Piles, HCBs, Pedestrian Structures

4. Maintenance Repair & Rehabilitation (MR&R)

ï Externally Bonded Repairs (CFRP wrap & laminates, GFRP ?)

ï Pile Jackets (Cathodic Protection w/ GFRP shells, FRP dowels & bars)

Extremely 

Aggressive

Environment

bridge sites
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Expanding Range of Reliable FRP Materials & 
Structural Solutions

i. GFRP rebar & improved properties
ii. BFRP rebar implementation
iii. Improving CFRP strand & bar performance and economy
iv. Pultruded & Molded Structural Components

Halls River Bridge - Traffic Railing Retrofit (2019)
HRB GFRP-RC 

BentCap (2017)

23rd Ave NE/Ibis 

Waterway (2020)

Jizan Canal (2020)
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Expanding Range of Reliable FRP Materials & 
Structural Solutions

i. GFRP rebar & improved properties 
Elastic Tensile Modulus
V Smaller bars = 
Å Higher strength
Å Better crack control
Å Better fit-up (especially for bent 

bars bend radius must be > 3 bar 
diameters)

V Less bars (reducing congestion)
V Higher allowable shear stresses 
V Lower deflections 

Why is this important 

for FDOT?

ă Improves efficiency in 
design requiring either
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Expanding Range of Reliable FRP Materials & 
Structural Solutions

i. GFRP rebar & improved properties 
Tensile Strength:
V Smaller bars = 
Å better fit-up
x higher stress - larger crack widths
x higher fatigue stresses
x higher sustained loads

V Less bars - reduces congestion
x Greater deflections?
x Great surface bond stress demands
ï May need higher bond strength 

standard (>> 1.1 ksi)

Figure: Different types of FRP [Fu et al. 2019]
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i. GFRP rebar & improved properties
ii. BFRP rebar implementation
iii. Improving CFRP strand & bar performance and economy
iv. Pultruded & Molded Structural Components

Prestressing

Steel

F
ib

e
r

Expanding Range of Reliable FRP Materials & 
Structural Solutions

University of Miami ïEnd Bent 

(2016)

Port Miami Tunnel -

Walls 5 & 6 (2014)
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US-1/Cow Key 

Channel 

(Aug. 2020)

Expanding Range of Reliable FRP Materials & 
Structural Solutions

i. GFRP rebar & improved properties
ii. BFRP rebar implementation
iii. Improving CFRP strand & bar performance and economy
iv. Pultruded & Molded Structural Components July 2020 & Jan 2021 updates

CFRP 7-strand

(commercial)

GFRP 7-strand 

(prototype)

370



14Advancements in FRP composite usage for Highway Infrastructure in Florida

Expanding Range of Reliable FRP Materials & 
Structural Solutions

i. GFRP rebar & improved properties
ii. BFRP rebar implementation
iii. Improving CFRP strand & bar performance and economy
iv. Pultruded & Molded Structural Components

Ocala Water-Recharge Park (2019)

Skyplex Blvd. (2018)

Halls River Bridge

(2017)
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Recent Full-Scale Testing and Research on 
Beams and Piles

i. GFRP Pile prestressing, spirals and dowel splicing
ii. FRP Shear and Confinement Rebar ςBeams & Slabs
iii. Durability Sampling and Testing of Submerged Rebar

FDOT SRC

(Feb 2021)

SR-A1A Flagler Beach (2019)
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Recent Full-Scale Testing and Research on 
Beams and Piles

i. GFRP Pile prestressing, spirals and splicing
ii. FRP Shear and Confinement Rebar ςBeams & Slabs
iii. Durability Sampling and Testing of Submerged Rebar

Durastress, FL (2019)Gate Precast, FL (2017) Halls River Bridge, FL (2017)
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Recent Full-Scale Testing and Research on 
Beams and Piles

i. GFRP Pile prestressing, spirals and splicing
ii. FRP Shear and Confinement Rebar ςBeams & Slabs
iii. Durability Sampling and Testing in Wet Environments

Ongoing Project: 

BE694

Improving ñTesting 

Protocol and Material 

Specifications for Basalt 

Fiber Reinforced Polymer 

Barsò é      (2019-2021)
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ñHigher-Performance 
Materialsò

Non-Corrosive

Highly Corrosion-Resistant

+ Stainless-Steel Prestressing Strand & Rebar

Implementation Tools for Designers, Contractors, & 
Owners
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Implementation Tools for Designers, Contractors, 
& Owners

i. FRP Designer Training
ii. Structural Design and LCC Tools
iii. Technology Transfer Participation

https://www.fdot.gov/structures/innovation/FRP.shtm#link7 (2020)

https://www.fdot.gov/structures/innovation/FRP.shtm#link7


20Advancements in FRP composite usage for Highway Infrastructure in Florida

Implementation Tools for Designers, Contractors, 
& Owners

i. FRP Designer Training
ii. Structural Design and LCC Tools

ï Glass FRP rebar & Carbon FRP 
strands with improving mechanical 
properties

ï Basalt FRP rebar & possible 
prestressing applications

ï Composite Bridge Beams (Pultruded, 
VARTM, Molded & Built-up composite 
members)

ï Hybrid systems (HCB, Concrete-Filled 
Cwt ¢ǳōŜǎΧύ

Å New construction:

International Standards

US Standards
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Implementation Tools for Designers, Contractors, 
& Owners

i. FRP Designer Training
ii. Structural Design and LCC Tools

Å New construction:

Å Repair & strengthening.

SR-404 over Banana River 

International 

Standards

US Standards

SR-404 over Banana River
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Implementation Tools for Designers, Contractors, 
& Owners

i. FRP Designer Training
ii. Structural Design and LCC Tools
iii. Technology Transfer Participation

** Available on request

CFRP-PC Beta version **

(V6.0 coming 2021) Ą

GFRP-RC included 

(Worksheet 3b) Ą

GFRP-RC in development Ą

GFRP-RC included Ą

FDOT Design Software
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Implementation Tools for Designers, Contractors, 
& Owners

i. FRP Designer Training
ii. Structural Design and LCC Tools
iii. Technology Transfer Participation

Other Design Software:

Adaption for FRP analysis or design enhancements: 

ïFBMP (BSI) added Jan. 2021 (see newsletter)

ïDeepEx (Deep Excavation, LLC)

ïFRPproÊ emerging tools

ïMichigan DOT/LTU CFRP-Beam Design Mathcad: 
https://mdotjboss.state.mi.us/SpecProv/trainingmaterials.htm

(also see TRB Webinar Dec 3, 2019)

ïé

US Design Software

https://bsi.ce.ufl.edu/
https://bsi.ce.ufl.edu/newsletter/BSI-Newsletter-Spring-2021.pdf
http://www.deepexcavation.com/
https://mdotjboss.state.mi.us/SpecProv/trainingmaterials.htm
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Implementation Tools for Designers, Contractors, 
& Owners

i. FRP Designer Training
ii. Structural Design and LCC Tools
iii. Technology Transfer Participation

CS-RC/PC alternative FRP-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.
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Implementation Tools for Designers, Contractors, 
& Owners

i. FRP Designer Training
ii. Structural Design and LCC Tools
iii. Technology Transfer Participation

Ą Life-Cycle Cost (LCC) analysis & LCA can show the

sustainable (economic and environmental) advantage

of FRP structures in the coastal environment:

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

(adapted from Cadenazzi et al. 2019)
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2% Discount 

Rate effect

CS-RC/PC

FRP-RC/PC

$1.5M

(~20%)
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Implementation Tools for Designers, Contractors, 
& Owners

i. FRP Designer Training
ii. Structural Design and LCC Tools
iii. Technology Transfer Participation



27Advancements in FRP composite usage for Highway Infrastructure in Florida

Implementation Tools for Designers, Contractors, 
& Owners

iii. Technology Transfer Participation:
1. Research & Bridge Code Development: 

TRB AKB30 & AASHTO COBS T-6 & T-10
ï GFRP-RC Bridge Guide Spec ï2nd Edition: 2018 Task team 

participation with UM and FDOT staff.

2. National Training ïAASHTO COBS T-6 & TRB ABK10:
ï CFRP-PC Design - Under NCHRP 20-44 program for report 

implementation assistance for CFRP-1, has FHWA & AASHTO T-6 
support.

ï GFRP-RC Design - not eligible under this program, so State DOTs and 
FHWA are working on it.

3. AASHTO Guide Specs Review Panels:
ï NCHRP 12-121: Developing Specs for FRP Auxiliary Reinf. in PC 

Girders. (2020-2022)

4. CAMX
ï2016, 2017, 2018, 2019, 2020 (Featured Speaker/Panel)

5. International:
ï International Workshop on GFRP Bars for Concrete Structures (2017, 

2019, 2021)

ï Lyon (FR) LMC2/AFGC  GFRP-RC workshop (2019)

ï International Bridge Conference (2018 FRP Workshop)

6. TRB Annual Meetings:
ï Committee Meeting participation AFF30, AFF80

ï FRP Workshops: 2019 & 2020

ï Technical Sessions: 2018, 2019, & 2021

7. TRB 2019 Webinar - Advanced Structural Materials 
for Concrete Bridges: 

ï UHPC, HSSS/CFRP-PC & GFRP-RC (Dec. 3, 2019)

8. ACI coordination (informal)
ï 343 & 440 Committees (Bridge & FRP) 2020 Fall 

Convention

ï Strategic Development Council ïForum 46 (2019)

9. State Level Engagement:
ï FRP Industry Workshops (2016, 2017, 2018, & 

2020)

ï FTBA/Contractors (2017 & 2018)

ï FES/FICE (2017) & ASCE-FL (2018)

ï GFRP-RC & CFRP-PC Training (Aug & Sept 2020)

https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=4965
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/camx2016-fdot-frpdeployment.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/camx-2017-halls-river-bridge-corrosion-free-design-with-frp-composites.pdf?sfvrsn=c8ea3fda_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/iwgfrp-fdot_frp_implementation.pdf
https://www.fdot.gov/structures/innovation/IWGFRPCS2
http://acmbs2020.ca/iw-gfrpcs3/
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/2019-indura-fdot_frp.pdf?sfvrsn=2f205f60_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/ibc18-w4-0utline.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/trb19-1023-fdot_frp_activities.pdf?sfvrsn=4de64e80_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/trb-aff80-ws-nolan.pdf?sfvrsn=e4c10827_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/trb-679-hrb-nanninolan.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/trb19-bhc_seawall.pdf?sfvrsn=9055f941_2
http://www.trb.org/BridgesOtherStructures/Blurbs/179843.aspx
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/2019-aci-sdc46-fdotinfrastructure.pdf?sfvrsn=7fdff182_2
https://www.fdot.gov/structures/innovation/FRP.shtm#link7
https://www.fdot.gov/structures/innovation/fdot-2017-winter-frp-rc-workshop/default.shtm
https://www.fdot.gov/structures/innovation/fdot-2018-winter-frp-rc-workshop/default.shtm
https://www.fdot.gov/structures/innovation/fdot-2020-frp-rc-pc-workshop
https://www.fdot.gov/structures/innovation/fdot-2017-winter-frp-rc-workshop/default.shtm
https://www.fdot.gov/structures/innovation/fdot-2018-winter-frp-rc-workshop/default.shtm
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/2017-fes-fice_hrbx.pdf?sfvrsn=3c8ed19c_2



