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The implementation of FRP reinforcing for large infrastructure elements such as bridge 

foundations, port and dam facilities, requires large bars for efficiency and constructability. The 

current limitation in national standards inspired FDOT research to develop material specifications 

and design examples for large bridge foundation rehabilitation or replacement projects. This 

strategic investment fully leverages the potential corrosion-resistant benefits that FRP provides 

and improves the economy and efficiency for many large reinforced concrete structures (waterline 

footings; pier columns, caps, and walls) with correspondingly large reinforcing bars. The new 

specifications have been first implemented on a bridge foundation rehabilitation project on US90 

over the Aucilla River in North Florida. This project will mitigate loss of support from three 

foundation units where the supporting piles are susceptible to undermining as a result of riverine 

scour during flood events. The contractor proposed an alternate solution for the three “crutch bent” 
pile caps, that leverages the corrosion-resistant performance of GFRP bars and saves more than 

$0.5M by utilizing #11 bars and eliminating the steel strand post-tensioning from the 5’ x 5’ x 56’ 
long crutch bents. Additionally, this presentation will highlight the investigation findings and testing 

performed under FDOT project BEE76-977-01 to fully characterized the #11 rebar performance 

from two qualified manufacturers and proposes updates to national standards for manufacturing 

and design. 

ABSTRACT 
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Location: 

#11 GFRP Bars Restoring Support for Aucilla River Bridge 
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Bridge: 

#11 GFRP Bars Restoring Support for Aucilla River Bridge 
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Bridge: 

#11 GFRP Bars Restoring Support for Aucilla River Bridge 
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#11 GFRP Bars Restoring Support for Aucilla River Bridge 

Proposed Crutch Bents (3): 
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#11 GFRP Bars Restoring Support for Aucilla River Bridge 

Proposed Crutch Bent Cap Details: 



New Advancements in FRP & FRCM Materials for Repair 
and Rehabilitation of Concrete Structures WORKSHOP 

Slide 8 

Baltimore, MD, October 29, 2025

#11 GFRP Bars Restoring Support for Aucilla River Bridge 

Bent Cap Modeling (FB-MultiPier): 
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• Completed May 2025 

• TRB TRD database: https://trid.trb.org/View/2601703 

Supporting Research BEE76-977-01: Characterizing #11 GFRP Bars 

04/22/2024 

Waterline Pile Cap Footings for Bridges 

Using Large Diameter FRP Reinforcing -

Material Characterization and Design 

Nanni, 

Antonio 

University 

of Miami 
BEE76-977-01 

•Record URL: 
• https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-

bee76-977-01-rpt.pdf 

https://trid.trb.org/View/2601703
https://trid.trb.org/View/2601703
https://rip.trb.org/View/2382082
https://rip.trb.org/View/2382082
https://rip.trb.org/View/2382082
https://rip.trb.org/View/2382082
https://rip.trb.org/View/2382082
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bee76-977-01-rpt.pdf
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Tensile Modulus 

• Bar A = 60 GPa 

(8.7 msi) 

• Bar B = 58 GPa 

(8.4 msi) 

Tensile Strength 

• Bar A = 1098 kN 

(247 kips) 

• Bar B = 824 kN 

(185 kips) 

Supporting Research BEE76-977-01: Characterizing #11 GFRP Bars 

Producer A Producer B 
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Case Study: Design Examples for 

Waterline Footing Bridge Foundation 

with #11 Bars 

Supporting Research BEE76-977-01: Characterizing #11 GFRP Bars 
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Thank you for your attention! 

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

mailto:steven.nolan@dot.state.fl.us
https://www.fdot.gov/design/Innovation/
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The foundations of many riverine bridges are subjected to the scour caused by floods after tropical storms and 

increasingly heavy rainfall. The mandatory biannual inspections for US bridges sometimes discover substantial scour in 

pile foundations that require mitigations and occasional retrofit. Crutch bents are a common way to retrofit pile bent 

substructures that have been weakened by scour. Crutch bents typically consist of two piles installed outside the roadway 

cross section or occasional through the bridge deck and connected by a concrete cap beam underneath the superstructure 

either on each side or along the centreline of the existing bent. The existing bent in distress is typically left in place and for 

a crutch bent along the centreline this necessitates the existing headstock to be encapsulated by the new structure. A 

recent medium bridge project on US-90 over the Aucilla River in North Florida required mitigation of three heavily scoured 

pile bents. The crutch bents designed under contract by a consultant for the Florida Department of Transportation (FDOT) 

recommended a deep post-tensioned concrete headstock. This solution was developed to final design and advertised for 

competitive low-bid tender. After contract award, the Contractor pursued an alternative design under the Cost-Savings-

Initiative Proposal (CSIP) process. The CSIP redesign consisted of a heavily reinforced concrete headstock with the same 

dimensions as the PT headstock, but included large (#11) GFRP bars for structural reinforcement and improved durability. 

These large sized bars are yet standardized by ASTM but were adopted by FDOT in their 2025 Standard Specifications 

and have been evaluated under research project BEE76-977-01 for physio-mechanical performance. This paper will 

present the practical design process and the challenges of designing and constructing the new crutch bent headstock 

using #11 (36mm) GFRP primary reinforcing bars. Traditional FDOT software for non-linear analysis of substructures (FB-

MultiPier) was adapted for the final design with an independent peer review successfully completed in accordance with 

FDOT policy. The governing design requirements under current FDOT and AASHTO Specifications for GFRP reinforced 

concrete structures will be discussed and improvements identified. 

FRPRCS-17: APPLICATION OF LARGE GFRP BARS FOR 
FLORIDA BRIDGE FOUNDATION REHABILITATION 
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