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Structural Advanced Materials Implementation 
in Florida’s Concrete Bridges

1. Introduction of current needs in bridge durability & structural 
advancement

2. UHPC: CIP Connections, Precast/Prestressed members

3. HSSS-PC: Prestressed Beams & Piles in EAE

4. CFRP-PC: Prestressed Beams & Piles in EAE

5. FRP-RC: CIP & Precast Elements, Auxiliary Reinforcing

6. Managing Implementation Challenges and LCC strategies

2TRBAM 2021 - Structural Advanced Materials Implementation in Florida
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Introduction of current needs in bridge 
durability & structural advancement.

• Durability needs – low-maintenance, extended service-life, cost-
effective solutions.

• Structural needs – Inspectable, repairable, robust, extended span 
lengths (light-weighting and/or high-strength & high-endurance)
• UHPC

• HSSS-Prestressed Concrete

• CFRP-Prestressed Concrete

• FRP-Reinforced Concrete (using Glass & Basalt rebar)

• Light-weight Concrete & Fiber-Reinforced (not discussed today)

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

HOLY 
GRAIL

1.
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UHPC Design guidance & standards documents

Design Guidance, Specs, and Design tools
• Mid-2021 implementation
• Interim Guidance webpage for Design Innovation

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

https://www.fdot.gov/structures/innovation/uhpc.shtm

2.

https://www.fdot.gov/design/innovation/
https://www.fdot.gov/structures/innovation/uhpc.shtm
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UHPC Design guidance & standards documents

• Interim Guidance webpage for Design Innovation
Projects:

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

https://www.fdot.gov/structures/innovation/uhpc.shtm

2.

https://www.fdot.gov/design/innovation/
https://www.fdot.gov/structures/innovation/uhpc.shtm
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UHPC Design guidance & standards documents

• Developmental Materials & Construction 
Specifications

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

https://www.fdot.gov/programmanagement/otherfdotlinks/developmental/default.shtm

2.

https://www.fdot.gov/programmanagement/otherfdotlinks/developmental/default.shtm
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UHPC Design guidance & standards documents

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

Completed Research: 

• BDV31 977-94: Requirements for Use of Field-Cast, Proprietary UHPC in Florida Structural Applications – Final 

Report 7/8/19 

Ongoing Research Activities:

• In-house SRC: Spliced Columns with larger bars #8 to #11 (Freeman), Final report early 2021

• BDV29 977-28: FSB Bridge with UHPC Joint Connections (FIU) – 1st round testing completed; 6 new beams cast 

(2 tests) with only bottom reinforcement in joint; Cyclic SDLC testing 

• BDV31-977-105: Requirements for nonproprietary “UHPC Use in Florida Structural Applications”

• BDV31-977-101: Hybrid Prestressed Concrete Bridge Girders using UHPC (Potter) –Final report submitted

• Research Activities

2.

https://trid.trb.org/View/1636145
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bdv31-977-94-rpt.pdf
https://rip.trb.org/Results?txtKeywords=Florida%20Slab%20Beam%20Bridge&txtTitle=&txtSerial=&ddlSubject=&txtReportNum=&recordStatus=&ddlTrisfile=&txtIndex=%20&states=&specificTerms=&txtAgency=&txtAuthor=&ddlResultType=&chkFulltextOnly=0&language=&subjectLogic=or&dateStart=&dateEnd=&rangeType=publisheddate&sortBy=&sortOrder=DESC&rpp=25#/View/1405119
https://trid.trb.org/view/1579268
https://rip.trb.org/View/1515832
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UHPC Design guidance & standards documents

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

• Precaster 1: 

• First UHPC octagonal pile tested at SRC in April 2018 another one waiting 

• Hollow-Box Beam from SCP. Testing 2~ 47’ beams in flexure completed 

• 3x20’ lengths of Waffle Deck & 60’ AASHTO Type II Beam, cast on 06/17/20 tested in Oct 
2020 at SRC for resistance of all 3 interface shear connection systems.

• Precaster 2: 

• 14” sq. solid UHPC piles (Freeman) – Flexure test 4/2/19 @ SRC 4-point bending on 30’ 

pile; driving demonstration of 100’ pile 4/4/19 @ Leware.

• 30” x 30’ H-Pile COR-TUF UHPC: H-Pile tested at SRC 10/2/19 

• 30” x 140’ H-Pile COR-TUF UHPC: One pile driven at CR 339 on Feb 13, 2020 - PDA report 

available)

• Providing COR-TUF for D1: US-41/Sunset Waterway Ped. Bridge link-slab, and D3 I-10 

Precast App. Slab connections.

• UHPC Material Producers: Lafarge, CorTuf USA, Argos USA: Developing proprietary mix

• Research Activities

2.
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UHPC Design guidance & standards documents

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

• Projects in Design:
1. Precast Voided Slab - #-span 

continuous

2. 250’ Single Span ?

2.
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HSSS-PC Design guidance & standards 
documents

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

Interim Guidance webpage for Design Innovation (pending)

Stainless-Steel Pretensioned Concrete 
(pending)

3.

https://www.fdot.gov/design/innovation/


11

HSSS-PC Design guidance & standards 
documents

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

Design Guidance, Specs, and Design tools:
• NCHRP Project → 12-120 (SS Strands for PC Beams) …

• FDOT Research Project BDK84 977-07 (2014)

• FDOT Research Project BDV30 977-22 (2020)

+

→ → Section 931

3.
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HSSS-PC Design guidance & standards 
documents

Design Guidance, Spec, and Design tools
• BDV30 977-22

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

3.
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HSSS-PC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools
• BDV30 977-22

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

3.
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HSSS-PC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools
• BDV30 977-22

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

3.
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HSSS-PC Design guidance & standards 
documents

Design Guidance, Specs, Costs and Design tools
• BDV30 977-22

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

3.
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HSSS-PC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools
• BDV30 977-22

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

3.
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HSSS-PC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools:

• Standard Drawings & Design Aids

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

https://www.fdot.gov/design/standardplans/current/default.shtm

3.

https://www.fdot.gov/design/standardplans/current/default.shtm
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HSSS-PC Design guidance & standards 
documents

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

Design Guidance, Specs, and Design tools:

• Software:

V6.0 coming early 2021 →

(beta version HSSS-PC)

https://www.fdot.gov/structures/proglib.shtm

3.

https://www.fdot.gov/structures/proglib.shtm
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CFRP-PC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools:
• NCHRP Report 907  → 2018 AASHTO Guide Spec – CFRP-1
• NCHRP Project → 12-121 (FRP Auxiliary Reinforcing) …

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

→

→ Section 931

4.
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CFRP-PC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools:

• Software:

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

Other’s Design Software:

Adaption of FRP analysis or design 
enhancements: 

– FB-MultiPier (BSI) CFRP-PC available in Jan. 2021

– Michigan DOT/LTU CFRP-Beam Design 
Mathcad: 
https://mdotjboss.state.mi.us/SpecProv/trainingmat
erials.htm (also see TRB Webinar Dec 3, 2019)V6.0 coming early 2021 →

(beta version CFRP-PC)

https://www.fdot.gov/structures/proglib.shtm

4.

https://bsi.ce.ufl.edu/
https://mdotjboss.state.mi.us/SpecProv/trainingmaterials.htm
https://www.fdot.gov/structures/proglib.shtm
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CFRP-PC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools:

• Standard Drawings & Design Aids:

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

https://www.fdot.gov/design/standardplans/current/default.shtm

4.

https://www.fdot.gov/design/standardplans/current/default.shtm
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FRP-RC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

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

5.

https://www.fdot.gov/structures/innovation/FRP.shtm
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FRP-RC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

→

- ->

- - ->

→ Section 932-3

→

5.
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2018 Bridge Girder Alternatives for Extremely Aggressive Environments Brown, J. ERAU

2018
Performance Evaluation of GFRP Reinforcing Bars Embedded in Concrete Under 
Aggressive Environments

Kampmann, R. FAMU/ FSU

2019
Performance Evaluation, Material and Specifications for Basalt FRP Reinforcing 
Bars Embedded in Concrete

Kampmann, R.
Roddenberry, M.

FAMU/ FSU

2020 Basalt FRP-FRC Link-Slab Demonstration Project Monitoring (STIC-Phase 1) El-Safty, A. UNF

2020
Inspection and Monitoring of Fabrication and Construction for the Halls River 
Bridge Replacement

Roddenberry, M. FAMU/ FSU

2020
HSSS Strands and Lightweight Concrete for Pretensioned Concrete Girders (w/ 
Shear & Confinement Rebar)

Roddenberry, M. FAMU/ FSU

2021
Testing Protocol and Material Specifications for Basalt Fiber Reinforced Polymer 
Bars (Long-term Durability Modelling)

Kampmann, R.
Tang, Y

FAMU/ FSU

2021 Evaluation of GFRP Spirals in Corrosion Resistant Concrete Piles Jung, S. FAMU/ FSU

2021 Development of GFRP Reinforced Single-Slope Railing Consolazio, G. UF

2021 Epoxy Dowelled Pile Splice Evaluation & Testing Mehrabi, A. FIU

FRP-RC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools
• Ongoing FDOT Research

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

https://www.fdot.gov/structures/structuresresearchcenter/activeresearch.shtm

5.

https://www.fdot.gov/structures/structuresresearchcenter/activeresearch.shtm
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FRP-RC Evaluation of Durability: Selected Bridges
• Eleven bridges located across the United States in 2017-18

• Each bridge contains GFRP bars in deck or other location and 
has been in service for at least 15 years

• Gills Creek Bridge (VA)
• O’Fallon Park Bridge (CO)
• Salem Ave Bridge (OH)
• Bettendorf Bridge (IA)
• Cuyahoga County Bridge (OH)
• McKinleyville Bridge (WV)
• Thayer Road Bridge (IN)
• Roger’s Creek Bridge (KY)
• Sierrita de la Cruz Creek Bridge (TX) 
• Walker Box Culvert Bridge (MO)
• Southview Bridge (MO)
+   Pearl Harbor Dry Dock #4 (HI)

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

https://www.acifoundation.org/Portals/12/Files/PDFs/GFRP-
Bars-Full-Report-with-Addendum.pdf

5.

https://www.acifoundation.org/Portals/12/Files/PDFs/GFRP-Bars-Full-Report-with-Addendum.pdf
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FRP-RC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools:

• Standard Drawings & Design Aids:

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

https://www.fdot.gov/design/standardplans/dev.shtm

5.

https://www.fdot.gov/design/standardplans/dev.shtm
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FRP-RC Design guidance & standards 
documents

Design Guidance, Specs, and Design tools:   Software

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

https://www.fdot.gov/structures/proglib.shtm

** Available on requestCFRP-PC (w/ GFRP-RC Shear) Beta version **

GFRP-RC included

GFRP-RC in development !

GFRP-RC included

V6.0 coming early 2021 →

CFRP-PC coming soon!

5.

https://www.fdot.gov/structures/proglib.shtm
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Managing SAM Implementation Challenges, 
LCC, and Technology Transfer

•Change is hard work and often thankless task…

•Provide early and accessible information…

• Economics is in the eye of the beholder!

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

6.
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Life-Cycle Cost analysis strategies

•Comparisons and synergies
• Economics is (sometimes) in the eye of the beholder
• Save now, and $$$ later
• Use realistic discount rates: 

(i) recognizing long-term investment using government bonding rates –
highway/bridge construction inflation rates (NHCCI) = < 1%

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

Conventional 
approach

Idiom: “Penny wise and pound foolish”

6.

https://www.fhwa.dot.gov/policy/otps/nhcci/
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Life-Cycle Cost analysis strategies

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

7
5

-y
ea

rs
 ?

?

(Example: ECR & CP)

Source: AASHTO. 2020, Guide 
Specification for Service Life 
Design of Highway Bridges 
(1st Edition).

•Comparisons and synergies
• Conventional-RC with periodic 

Repair & Rehabilitation & CP
• or Durable SAM’s

6.
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• Future enhancements or needs
• Highly Corrosion-resistant solutions
• Improvement of Probabilistic 

techniques

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

Cadenazzi at al. (2021), “Evaluation of Probabilistic and Deterministic Life-Cycle Cost Analyses for Concrete Bridges 

Exposed to Chlorides”. Journal of Cleaner Production (pending)

CE = 70% -100% for FRP

1
0

0
-y

ea
rs

Life-Cycle Cost analysis strategies6.
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Conclusions
• The is a definite place for Structural Advance Materials

• Balance cost and needs  =>  Value
• Finding & showing the correct balance is Our Challenge.

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

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

???
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Questions ???

Contact Information:

Steven Nolan, P.E.
State Structures Design Office
Florida Department of Transportation
Email:      steven.nolan@dot.state.fl.us
Website: https://www.fdot.gov/design/Innovation/

TRBAM 2021 - Structural Advanced Materials Implementation in Florida

mailto:steven.nolan@dot.state.fl.us
https://www.fdot.gov/design/Innovation/

