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Structures Manual Guidance: Implementing 
AASHTO 2nd  Edition and Procurement Process

Abstract
FDOT currently specifies the use of ACI PRC-440.2-17 Guide for the Design and Construction of Externally Bonded 
FRP Systems for Strengthening Concrete Structures with a few exceptions as noted in Structures Manual-Volume 4 
(FRPG), Section 4. The EOR is instructed to develop Technical Special Provisions for construction and quality control 
that conform to Attachment A of the NCHRP Report 609 "Recommended Construction Specifications and Process 
Control Manual for Repair and Retrofit of Concrete Structures Using Bonded FRP Composites", with a few 
exceptions as noted in the FRPG. Technical Special Provisions must be non-proprietary, multi-vendor solutions, 
reviewed and approved by the State Specifications and Estimates Office and the State Structures Design Office, or 
District Structures Maintenance Office.

With the 2023 updates to the AASHTO Guide Specifications for Design of Bonded FRP Systems for Repair and 
Strengthening of Concrete Bridge Elements, 2nd Edition, FDOT plans to transition to this specification for project 
repair and strengthening design soon. The incorporation of FDOT model Technical Special Provision for construction, 
example Contract Document layout, and recently completed and ongoing research on externally-bonded FRP, will 
also be presented.

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process

https://store.transportation.org/Item/CollectionDetail?ID=243
https://store.transportation.org/Item/CollectionDetail?ID=243


4

Structures Manual Guidance: Implementing 
AASHTO 2nd  Edition and Procurement Process

1. Policy & Practice for FDOT projects

2. Future Adoption of AASHTO 2nd Ed.

3. Recently completed Research

4. Current and Future Research Needs

5. Example Projects

4FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process
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1. Why we use CFRP for Repair & Strengthening
1. Low Unit Weight

2. High Durability (corrosion-free)

3. Moderate Stiffness

2. Innovative Technology Development
Research and installations performed since the early 1990s 

FDOT in-house installations until early 2000s (research staff) 

Primary installations: 

• Over-height vehicle damage

• Corrosion deterioration

• Considered routine practice for certain applications

• Flexural strengthening/repairs 

• Confinement

• Some shear strengthening…

5

Policy & Practice for FDOT projects
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1.  Structures Manual-Volume 4 (FRPG) 

2.  ACI 440.2R (2017) with exceptions
• Complete or 3-sided anchored u-wraps for shear strengthening
• U-wraps for end anchorage for flexure

3. Technical Special Provisions
• NCHRP 609 Appendix A with adjustments per project

4. Do we need an innovation webpage?

6

Current Policy & Practice for FDOT projects
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1.  Structures Manual-Volume 4 (FRPG 4.1 and 4.2 A&B) 

7

Current Policy & Practice for FDOT projects

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process
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1.  Structures Manual-Volume 4 (FRPG 4.2.C) modifications –   
existing/remaining capacity before strengthening:

8

Current Policy & Practice for FDOT projects
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1.  Structures Manual-Volume 4 (FRPG 4.2.D - H) modifications 

9

Current Policy & Practice for FDOT projects
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1.  Structures Manual-Volume 4 (FRPG 4.3): Specs 

10

Current Policy & Practice for FDOT projects
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1.  Technical Special Provisions:
• NCHRP Report 609 - Appendix A with adjustments per project

2. No Approved/Innovative Product Listing requirements:
• AASHTO NTPEP/PEAS considering future approval & audit program for FRP.

11

Current Policy & Practice for FDOT projects
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QC Methods for CFRP Wraps

• Direct Pull-off Testing – ASTM D7522 (200 psi requirement)
• Acoustic Tap Test – ACI 440.2R-17
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Current Policy & Practice for FDOT projects
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1.  Structures Manual-Volume 4 (FRPG 4.3): Technical Special Provisions

T102: CFRP Testing
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1.  Structures Manual-Volume 4 (FRPG 4.3): TSP T104 – CFRP Strengthening  

13

Current Policy & Practice for FDOT projects
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1.  Structures Manual-Volume 4 (FRPG 4.3): TSP T104 – CFRP Strengthening  

14

Current Policy & Practice for FDOT projects
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1.  Structures Manual-Volume 4 (FRPG 4.3): TSP T104 – CFRP Strengthening  

15

Current Policy & Practice for FDOT projects
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1.  Structures Manual-Volume 4 (FRPG 4.3): TSP T104 – CFRP Strengthening  

16

Current Policy & Practice for FDOT projects

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process
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Future 
Adoption of 
AASHTO 2nd Ed.

What’s the plan?

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process
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1. FDOT SRC

18

Recently completed Research

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process

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

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


1992
Feasibility of Fiberglass Pretensioned Piles in a Marine 
Environment

Sen, R. USF

1995 Active Deformation Control of Bridges with AFRP Cables
Arockiasamy, 

M. FAU

1995
Durability of CFRP Pretensioned Piles in a Marine 
Environment – Phase II

Sen, R. USF

1997
Mechanical and Microscopy Analysis of CFRP Matrix 
Composite Materials

Garmestani, H.
FAMU/F

SU

1997 FRP Composite Column and Pile Jacket Splicing Mirmiran, A. UCF

1997
An Analytical and Experimental Investigation of Concrete 
Filled FRP Tubes

Mirmiran, A. UCF

1997
Flexural Reliability of RC Bridge Girders Strengthened with 
CFRP Laminates

Okeil, A. UCF

1998
Studies of CFRP Prestressed Concrete Bridge Columns and 
Piles in Marine Environment

Arockiasamy, 
M.

FAU

1998
Analysis and Modeling of Fiber-Wrapped Columns and 
Concrete-Filled Tubes

Shahawy, M. FDOT

1999
LRFD Flexural Provisions for PSC Bridge Girders 
Strengthened with CFRP Laminates

El-Tawil, S. UCF
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1999
Behavior of Reinforced Concrete Beam-Column Retrofitted 
with Composite Wrapping Systems

Chaallal, O. FDOT

2000
Effect of Concrete Strength on the Performance of FRP 
Wrapped RC Column Under Combined Axial-Flexure 
Loading

Chaallal, O. FDOT

2000
Behavior of Axially Loaded Short Rectangular Columns 
Strengthened with CFRP Composite Wrapping

Chaallal, O. FDOT

2000 Investigation of Fender Systems for Vessel Impact Yazdani, N.
FAMU/F

SU

2000
Short-Term Tensile Strength of CFRP Laminates for Flexural 
Strengthening of Concrete Girders

Okeil, A. UCF

2001
Design of Concrete Bridge Girders Strengthened with CFRP 
Laminates

El-Tawil, S. UCF

2003 Hybrid FRP-Concrete Column Mirmiran, A. NC State

2004 CFRP Repair of Impact Damaged Bridge Girders Hamilton, T UF

2007
Testing Bridge Decks with Near-Surface mounted FRP Bars 
Embedded in Cement Based Grout

Hamilton, T UF

2009
Thermo-Mechanical Durability of CFRP Strengthened RC 
Beams

Mackie, K UCF

Completed FRP Research

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process

FRP Strengthening & Repair



2010
Testing Precast Piles with Carbon Fiber Reinforced Polymer 
Mesh

Abalo, V. FDOT

2011 Testing of Trelleborg Structural Plastics Wagner, D. FDOT

2011 Testing of Trelleborg Structural Plastics Wagner, D. FDOT

2012
The Repair of Damaged Bridge Girders with CFRP 
Laminates

El-Safty, A. UNF

2014 Investigation of CFCC in Prestressed Concrete Piles
Roddenberry, 

M.
FAMU/F

SU

2015 Use of CFRP Cable for Post-Tensioning Applications Mirmiran, A. FIU

2015 Repair of Impact Damaged Utility Poles with FRP, Phase II Mackie, K. UCF

2017
Durability Evaluation of Florida’s FRP Composite 
Reinforcement for Concrete Structures

Hamilton, T. UF

2018
Testing, Evaluation, and Specification for Polymeric 
Materials used for Transportation Structures

El-Safty, A. UNF

2018
Degradation Mechanisms and Service Life Estimation of 
FRP Concrete Reinforcements

El-Safty, A. UNF

Completed FRP Research

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process
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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

Completed FRP Research

2022
Detailing of Externally Bonded CFRP for Shear 
Strengthening

Suksawang, N. BEA90 FIT

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process
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https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/final-reports/2022/fdot-bea90-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/final-reports/2022/fdot-bea90-rpt.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/project-summaries/2023/%20fdot-bea90-sum%20.pdf


2023
Strengthening Piers to Resist Vehicular Collision 
(Analytical)

Zhang, Q. FAMU/FSU

2025?
Experimental Evaluation of Strengthening Methods for 
Bridge Piers Against Vehicular Collision 

TBA TBA

2025?
Evaluation of Ultra-High Performance Concrete (UHPC)  
Pile Splices 

Garber, D. TBA

Ongoing FRP Research

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process

FRP Strengthening & Repair



• Repair & strengthening.

• New construction as internal 
reinforcement for concrete.

• New construction structural FRP 
components.

• New construction with fully FRP structural 
system.

Source: Hamilton, et al. 2017, Durability Evaluation of 
Florida's Fiber-Reinforced Polymer (FRP) Composite 
Reinforcement for Concrete Structures, UF & FDOT.

Completed Projects

24FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process

https://www.fdot.gov/docs/default-source/content-docs/structures/structuresresearchcenter/final-reports/2017/FDOT-DDV31-977-01-rpt.pdf
https://www.fdot.gov/docs/default-source/content-docs/structures/structuresresearchcenter/final-reports/2017/FDOT-DDV31-977-01-rpt.pdf
https://www.fdot.gov/docs/default-source/content-docs/structures/structuresresearchcenter/final-reports/2017/FDOT-DDV31-977-01-rpt.pdf
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Common Example Projects

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process

There are several other reasons FRP repairs and 
strengthening are necessary:

• Over-height truck impacts.
• In sufficient detailing past practice for shear strength.
• Fire damage rehabilitation
• Beam end/bearing repair (confinement)
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Novel Degradation Mechanisms in Florida

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process

Aggressive environments also include:

• Areas subject to spray from jet skis.

• Saltwater dripping from boat 
trailers.

• In northern Florida there has been a 
move to place salt after winter 
storms. If this becomes a more 
common occurrence, consideration 
may be given to including these.

Jupiter (FL)



27

Example Other Types of FRP Projects

1. FRP-Prestressed Concrete (PC): 
• Prestressed Beams  - CFRP strands, GFRP/BFRP auxiliary

• Bearing Piles – CFRP strands, spirals, & splice dowels, (GFRP/BFRP auxiliary?? )

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

2. FRP-Reinforced Concrete (RC): 
• CIP Decks & Flat-Slab Bridges - GFRP (BFRP now allowed)

• Seawalls – GFRP (submerged)

• Bulkhead Caps – GFRP/BFRP

• Retaining Walls - GFRP/BFRP

• Drainage Structures/Box Culverts – (no recent examples)

3. FRP Elements (MS): 
• Fenders, Piles, HCBs, Pedestrian Structures

27FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process
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FRP RC/PC material systems used in Florida’s 
Highway Bridges & Structures

28

Arthur Drive over Lynn Haven Bayou **

Bakers Haulover Cut Bulkhead Replacement * 

Cedar Key Bulkhead Rehab *

Key West Bight Ferry Terminal Extension **

Halls River Bridge ***

PortMiami Tunnel Retaining Walls 

South Maydell Dr over Palm River *

SR-A1A Flagler Beach Seawall (Segment 3) *

SR-5 (US-17) over Trout River Rehab **

SR-5 (US 41)/Morning Star and Sunset link-slabs

SR-45 (US 41) over North Creek ***

SR-312 over Matanzas River Rehab **

SR-520 over Indian River Bulkhead Rehab *

Sunshine Skyway Seawall Rehab & Extension*

UM Innovation Bridge ***

UM Fate Bridge superstructure 

UM i-Dock ***

US-1 over Cow Key Channel FSB’s

*  bulkhead/seawall only
  **  piling/substructure only
***  complete bridge

Current Projects
4th St at Big Island Gap **

40th Ave NE over Placido Bayou ***

Barracuda Blvd over Canal Bradano **

Bayway Structure-E Seawall Cap *

Bimini Dr over Duck Key Canal *

CR30A over Western Lake ***

Jupiter Federal Observation Platform ***

NE 23rd Ave over Ibis Waterway ***

S. Maydell Dr/Palm River Bulkhead *

SR-A1A over Myrtle Creek  and Simpson Creek

SR-A1A N. Bridge Observation Platform ***

SR 404 & 528 Indian & Banana Rivers Rehab *

SR5 over Oyster Creek *

SR 5/US 1 over Earman River Canal ***

SR-30 over St Joe Inlet *

SR-112/I-195 Westshore waterway *

Village of North Bay Seawall *

West Wilson St over Turkey Creek **

Recent Completed Projects https://www.fdot.gov/structures/
innovation/FRP.shtm 

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process

https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430463-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-433378-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-432194-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-412194-1.pdf?sfvrsn=d4423dd5_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430021-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-251156-3.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-maydell-dr.pdf?sfvrsn=87512c98_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts-440557-7.pdf?sfvrsn=73e5bc6a_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-426169-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-426169-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-435390-1.pdf?sfvrsn=7f740ba8_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-433550-3.pdf?sfvrsn=2406c6e3_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-428229-1.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-440969-1.pdf?sfvrsn=666f799a_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-437973-1.pdf?sfvrsn=deb56bfe_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-innovationbridge-um.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-fatebridge-um.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-i-dock.pdf?sfvrsn=86971c8d_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-441740-1.pdf?sfvrsn=3ad8ac17_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-443600-1.pdf?sfvrsn=8a3d9961_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-434359-1.pdf?sfvrsn=175168c2_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/fastfacts-434042-1.pdf?sfvrsn=f56f37fe_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/fastfacts-434041-1.pdf?sfvrsn=269f97e0_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-435815-1.pdf?sfvrsn=2832a310_2
https://www.fdot.gov/structures/innovation/FRP.shtm
https://www.fdot.gov/structures/innovation/FRP.shtm
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FRP structural member systems used in Florida’s 
Highway Bridges & Structures

29

Acosta Bridge fender replacement *

Bayway Structure-E fender *

US-331/Choctawhatchee Bay fender wales

Halls-River Bridge - Hybrid Composite Beams
Howard Frankland Bridge NB fender *
Ocala Water-Recharge Park Boardwalk ***
Skyplex  Blvd - Composite Arch Bridge **
SR-A1A/Sisters Creek fender  *
SR-A1A/Blue Heron fender replacement *

SR-3 over Barge Canal fender replacement *

SR-44 over Indian River fender replacement *

SR 714/South Fork St Lucie River *

*  complete fender system
  **  FRP  concrete filled arch
***  FRP pedestrian structure

Current & Future Projects

Bimini Dr over Duck Key Canal ? **

CR510 3-Sided Culvert-Bridge ? **

Marco Island Winter Berry Bridge

I-10/Apalachicola River Fender replace *

Jax. Main St Bridge Fender rehab *

SR-40 over Halifax River fender replacement *

SR-292 Perdido Key/ICWW fender replacement *

SR-520 over Indian River fender replacement *

US-192 over Indian River fender replacement *

SR-401 over Barge Canal fender replacement *

SR-518 over Indian River fender replacement * 

Recent Completed Projects https://www.fdot.gov/structures/
innovation/frpms 

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process

https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430021-1-hcb.pdf?sfvrsn=1b15d032_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-ocalarechargepark.pdf?sfvrsn=39eb913c_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-skyplex.pdf?sfvrsn=3c33920d_2
https://www.fdot.gov/structures/innovation/frpms
https://www.fdot.gov/structures/innovation/frpms
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• Mandatory Specifications
• Uniform Approval Processes

- Manufacturer Approval vs. Product Approval

• Design Tools

FRP Design Guidance, Specs, & Tools: Florida DOT

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

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process

https://www.fdot.gov/structures/innovation/
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Future FRP Bridge Strengthening & Rehabilitation 

• Environmental Reduction Factors for Ext. Bonded CFRP

• FRP rebar NSM (Carbon, Glass, Basalt)

• Precured laminates - when to  use?  

• Other Strengthening Solutions will UHPC become more 
important for some application

• FRP synergy with strengthening systems and adaptability

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process



32

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/ 

SAFETY IS

EVERYONE’S 
RESPONSIBILITY

FDOT Structures Manual Guidance: Implementing AASHTO 2nd  Edition and Procurement Process
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