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CRPP & PIBC:  Outline

Part 1

Corrosion-Resistant 
Prestressed Piling (Index 
22600 series)

• Research

• Demonstration Project

• Standardization

• FDOT Specs

• What’s Next

Part 2

Precast Intermediate Bent 
Cap Standard (Index 20700 
series) – (pending)

• Research

• Development

• Example Project

• Implementation &  
Training 

• Resources

http://www.dot.state.fl.us/rddesign/DS/17/STDs.shtm#22600


Part 1:
Corrosion-Resistant 

Prestressed Piling Standards 
(Index 22600 series)



Overview
Invitation to Innovation

• New technology implementation

Research
• FSU, USF & Georgia Tech.

Standardization
• Developmental D20600 series 

(CFRP prestressed only) – Halls 
River Bridge Replacement

• Design Standard Index 20600 
series (SS or CFRP strand)

FDOT Specifications:
• Developmental Specifications
• Standard Specifications

What’s Next:
• Other Standards 
• Questions



FDOT’s Invitation to Innovation

http://www.dot.state.fl.us/structures/
innovation/FRP.shtm

http://www.dot.state.fl.us/structures/innovation/FRP.shtm


Research
CFRP Prestressed Pile Research:
• Roddenberry M, Mtenga P, Joshi K, (2014).  “Investigation of Carbon 

Fiber Composite Cables (CFCC) in Prestressed Concrete Piles”, FAMU-
FSU College of Engineering, for FDOT Project BDK83-977-17, April 2014.

http://www.dot.state.fl.us/structures/structuresresearchcenter/Final%20Reports/2014/
FDOT-BDK83-977-17-rpt.pdf

http://www.dot.state.fl.us/structures/structuresresearchcenter/Final Reports/2014/FDOT-BDK83-977-17-rpt.pdf


Research
CFRP Prestressed Pile Research:
• Roddenberry M, Mtenga P, Joshi K, (2014).  “Investigation of Carbon 

Fiber Composite Cables (CFCC) in Prestressed Concrete Piles”, FAMU-
FSU College of Engineering, for FDOT Project BDK83-977-17, April 2014.



Research
Stainless Steel Prestressed Pile Research:
• Paul A, Kahn L.F, Kurtis K.E, (2015).”Corrosion-Free Precast 

Prestressed Concrete Piles Made with Stainless Steel 
Reinforcement: Construction Test and Evaluation”, Report 
No. FHWA-GA-15-1134, Georgia Institute of Technology, for 
Georgia Department of Transportation, March 2015.

http://g92018.eos-intl.net/eLibSQL14_G92018_Documents/11-34.pdf

• Mullins G, Sen R, (2014). “Design and Construction of Precast 
Piles with Stainless Reinforcing Steel”, Report No. BDK-84-
977-07, University of South Florida, for Florida DOT, 
February 2014. 

http://www.dot.state.fl.us/research-
center/Completed_Proj/Summary_STR/FDOT-BDK84-977-07-rpt.pdf

http://g92018.eos-intl.net/eLibSQL14_G92018_Documents/11-34.pdf
http://www.dot.state.fl.us/research-center/Completed_Proj/Summary_STR/FDOT-BDK84-977-07-rpt.pdf


Contract Letting: 15th June, 2015

Begin 

Project

End 

Project

FDOT FRP Demonstration Project
HALLS RIVER BRIDGE REPLACEMENT

Ellie Schiller Homosassa 

Springs Wildlife State Park

Vintage Postcard:
“T.V.’s Gentle Ben 
makes his home at 
the Ivan Tors 
Animal Actors 
Training Academy 
here, and is on hand 
to greet visitors 
when not on filming 
location.” 
Homosassa Springs.

Lu the hippo, honorary citizen of 
Florida since 1991.

Wild Manatees reside in the park year 
round.

https://www.floridastateparks.org/park/Homosassa-Springs
https://www.floridastateparks.org/park/Homosassa-Springs


FDOT FRP Demonstration Project

CORROSION COSTS

24%
Other 

Repairs

76%
Corrosion  

Repair

Others Corrosion

$2.4M
per 

Project

54 Total Bridge 
Projects

• 20 Steel 
• 34 Concrete

• District 7 (FY 02/03 to Present)

Source: FDOT D7 District Structures Maintenance Office (DSMO) & T.Y. Lin



• Prevention Methods:

 Adequate Cover

 Concrete Quality

• Alternative Reinforcements

 Corrosion Inhibiting Admixtures

• Corrosion Protection of Bridge members

• New Construction

 Existing Bridge

 Pile Jacket

 FRP Wrap

 Cathodic Protection

Halls River Bridge

• Glass Fiber Reinforced 
Polymer (GFRP)

• Carbon Fiber Reinforced 
Polymer (CFRP)

• Hybrid Composite Beam (HCB)

FDOT FRP Demonstration Project

CORROSION COSTS



Standardization –
Developmental Design Standards 
- Prestressed Concrete Piles (with CFRP only)

• Indexes D22600, D20601, D22614, 22618 & 22624 
• New corrosion resistant piling for intermediate bridge pile 

bents in Extremely Aggressive Environments (splash zone);

• Used for Halls River Demonstration Project.



• Indexes 22600, 20601, 22612, 22614, 22618, 
22624, & 20630
• New corrosion resistant piling for intermediate bridge pile 

bents in Extremely Aggressive Environments (marine)  
• see Structures Design Bulletin 15-10 for more information and 
• SDG Table 3.5.1-1 for application.

• Carbon FRP strands (single or 7-strand) & spiral reinforcing 
or Stainless Steel strand (7-wire) and spiral reinforcing (at 
contractor’s/producer’s option)

Will be reduced 
to 0.2” diameter

Standardization –
Design Standards 
- Prestressed Concrete Piles (with CFRP or SS)

http://www.dot.state.fl.us/rddesign/DS/17/IDx/22600.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDx/22601.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDx/22612.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDx/22614.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDx/22618.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDx/22624.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDx/22630.pdf
http://www.dot.state.fl.us/structures/Bulletins/2015/SDB15-10.pdf
http://www.dot.state.fl.us/structures/StructuresManual/CurrentRelease/Vol1SDG.pdf


• Indexes 22654, & 20660
• Carbon FRP strands (single or 7-strand) & spiral reinforcing 

or Stainless Steel strand (7-wire) and spiral reinforcing (at 
contractor’s/producer’s option)

Standardization –
Design Standards 
- Prestressed Concrete Cylinder Piles (with CFRP or SS)

http://www.dot.state.fl.us/rddesign/DS/17/IDx/22654.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDx/22660.pdf


• Instructions – IDS-22600, 22654, & 20660
• Slight differences in Strength Limit States due to reduced resistance 

factors for CFRP prestressing. Refer to the Design Aid M-N Charts

Standardization –
Design Standards 
- Prestressed Concrete Piles (with CFRP or SS)

http://www.dot.state.fl.us/rddesign/DS/17/IDS/IDS-22600.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDS/IDS-22654.pdf
http://www.dot.state.fl.us/rddesign/DS/17/IDS/IDS-22600.pdf


• SDG Table 3.5.1-1
• Piles in the “splash zone” (= Intermediate Pile Bents in marine 

environments), preferred use of Carbon FRP strands & spiral 
reinforcing or Stainless Steel strand and spiral reinforcing.

Standardization –
Design Standards 
- Prestressed Concrete Piles (with CFRP or SS)



FDOT Specifications
a) Standard Specifications (effective July 2016):

• Implemented previous Developmental Specifications for 
FRP materials;

• Added Stainless Steel Bar, Wire & Strand;

• 931 Metal Accessory Materials for Concrete Pavement 
and Concrete;

b) Previous Developmental Specifications:
• Dev400FRP Concrete Structures – Fiber Reinforced 

Polymer Reinforcing;

• Dev410FRP Precast Concrete Box Culvert;

• Dev415FRP Reinforcing for Concrete;

• Dev450FRP Precast Prestressed Concrete Construction –
Fiber Reinforced Polymer (FRP);

• Dev932FRP Nonmetallic Accessory Materials for 
Concrete Pavement and Concrete Structures;

• Dev933FRP Prestressing Strand;



FDOT Specifications

Standard Specifications (effective July 2016):

• 931 Metal Accessory Materials for Concrete Pavement and 
Concrete

• 933 Prestressing Strand and Bar



What’s Next ?

• CFRP/GFRP Prestressed Concrete Sheet Piles (Index D22440 
Index 22440 FY2017-18);

• New Hybrid - GFRP Reinf./Steel Prestressed Concrete Sheet Piles 
(Index D22440);

• Pile Bent Caps (with FRP reinforcing) – Halls Bridge 
Demonstration project:

Index D20700 series – Precast Intermediate Bent Cap
GFRP Option in Mathcad Design Program



What’s Next – Closer Look…
Cantilever Concrete Sheet Pile Walls 
(with CFRP/GFRP)
A. Components

i. CFRP/GFRP Prestressed Concrete Sheet Piles 
(Index D22440)

ii. GFRP-RC Bulkhead Cap (SM-Vol 4...)
B. Structural System

i. Cantilevered
ii. Anchored/Tied-Back Wall

C. Other FDOT projects
i. Cedar Key SR 24 over Channel 5 bulkhead cap 

rehab
ii. Sunshine Skyway South Rest Area seawall rehab

D. Challenges
i. No AASHTO design specs;
ii. ACI 440.4R strand jacking forces limits are too 

conservative;
iii. FDOT concrete tensile stress limits not optimized 

for FRP reinforced systems.



Developmental Index D22440: (used for Halls River Demonstration Project 
with reduced number of strands)

What’s Next – Closer Look…
Cantilever Concrete Sheet Pile Walls 
(with CFRP/GFRP)

http://www.dot.state.fl.us/rddesign/DS/Dev/D22440.pdf


Part 1 - Questions?

Contact Information:

Steven Nolan

State Structures Design Office

Design Technology –
Structures Standards Group

Steven.Nolan@dot.state.fl.us

Ph. 850-414-4272

mailto:Steven.Nolan@dot.state.fl.us


Part 2:
Precast Intermediate Bent 

Cap Standard 
(Index 20700 series)



Overview

Introduction:
• Past FDOT Projects & 1996 FDOT Precast Substructure Study
• Other States (Iowa DOT, WSDOT, SCDOT & TxDOT)
• FHWA’s Every Day Counts Initiative
• FDOT’s Invitation to Innovation – EDC-PBES   

Research
• NCHRP Report 681
• SHRP2 Project R04-RR1

Example FDOT Project
• US 90 Demonstration project (IBRD) – Overview, Specification 

Modifications & Lessons Learned

Development:
• FDOT Developmental Design Standard – Index D20700
• Aesthetic Levels and Configurations
• Mathcad Design Program 

Implementation:
• Schedule & Training 
• Information References & Questions



Past Florida Precast Bent Cap Projects 
(1990 - 2004)

Example Projects:

• US 41 (Business) 
Edison Bridge 
(1993); 

• I-295 Southbound 
Buckman Bridge 
(1997);

• Reedy Creek WDW 
(1997 -Privately Funded);

• SR 300 St George 
Island Bridge  
(2004).

Photo: Berger/ABAM Engineers Inc.



1996 FDOT Precast Substructure Study

cv

cv



Other State DOT’s - Precast Bent Caps

• Iowa 

• South Carolina

• Washington

• Texas …
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TxDOT- Research, Projects & Standards

Research:  TxDOT sponsored research projects at CTR related to 

Precast Bent Cap Systems and Connections: 
• 1410-2F (1998), “A Precast Substructure Design For Standard Bridge Systems”
• 1748 (2001), “Development of a Precast Bent Cap System” 
• 4176 (2006), “Anchorage for Grouted Vertical-Duct Connectors in Precast Bent Cap 

Systems” 
• Miller, C., Holt, J. and McCammon, V., (2014) “Precast, Pretensioned, Rectangular Bent 

Caps”, Accelerated Bridge Construction-University Transportation Center, 
Proceedings: 2014 National ABC Conference, Miami FL., December 4-5, 2014.

Example Projects:
• Red Fish Bay and Morris‐Cummings 

Cut Bridge (1994)

• Lake Ray Hubbard Bridge (2002)

• Lake Belton Bridge (2004)

https://fsel.engr.utexas.edu/publications/docs/0_1748_2.pdf
https://www.utexas.edu/research/ctr/pdf_reports/0_4176_1.pdf


TxDOT- Research, Projects & Standards

Bridge Standards PBC-P and PBC-RC:
• Initially released in 2011 

Webinar from Feb 2012: http://ftp.dot.state.tx.us/pub/txdot-info/brg/0212_webinar/holle.pdf

• Drawings updated January 2015
http://www.dot.state.tx.us/insdtdot/orgchart/cmd/cserve/standard/bridge-e.htm

Square Concrete or Steel H-Piles Round Columns

http://ftp.dot.state.tx.us/pub/txdot-info/brg/0212_webinar/holle.pdf
http://www.dot.state.tx.us/insdtdot/orgchart/cmd/cserve/standard/bridge-e.htm


FHWA’s Every Day Counts Initiative

Connection Details for Prefabricated Bridge Elements 
and Systems (2009):  http://www.fhwa.dot.gov/bridge/prefab/if09010/

Lake Belton Bridge 

http://www.fhwa.dot.gov/bridge/prefab/if09010/


FHWA’s Every Day Counts Initiative

EDC-2 Report: http://www.fhwa.dot.gov/everydaycounts/reports/edc-2-finalreport/

At the end of 2012, sponsorship of the EDC-1 
innovations by the Every Day Counts initiative came 
to a close, and a new set of innovations, EDC-2, was 
selected for deployment. Some of these were hold-
overs from EDC-1, including PBES, while others were 
new to the Every Day Counts initiative.

http://www.fhwa.dot.gov/everydaycounts/reports/edc-2-finalreport/


FDOT’s Invitation to Innovation – PBES
http://www.dot.state.fl.us/structures/
innovation/PBES.shtm

http://www.dot.state.fl.us/structures/innovation/PBES.shtm


FDOT’s Invitation to Innovation – PBES



NCHRP Report 681
(Project 12-74)

http://onlinepubs.trb.org/onlinepubs/nchrp/
nchrp_rpt_681.pdf (October 2010)

Research -

http://onlinepubs.trb.org/onlinepubs/nchrp/nchrp_rpt_681.pdf


SHRP2 Project R04-RR-1 & 2
http://onlinepubs.trb.org/onlinepubs/shrp2/SHRP2_S2-
R04-RR-1.pdf (Oct. 2007 – March 2014)

Source: NCHRP 12-74 (Restrepo et al., 2011).
Figure 3.33. Grouted duct connection.

Source: NCHRP 12-74 (Restrepo et al., 2011).

Figure 3.34. Cap pocket connection.

Source: NCHRP 12-74 (Restrepo et al., 2011).

Figure 3.35. Cap pocket connection close-up.

Research -

http://onlinepubs.trb.org/onlinepubs/shrp2/SHRP2_S2-R04-RR-1.pdf


SHRP2 Project R04-RR-1 & 2
http://onlinepubs.trb.org/onlinepubs/shrp2/SHRP2_
S2-R04-RR-2.pdf (June 2013)

Research -

http://onlinepubs.trb.org/onlinepubs/shrp2/SHRP2_S2-R04-RR-2.pdf


Little River EB & WB

Hurricane Creek EB & WB

US 90/Little River PBES Demonstration 
- Example Project -



Expanded Polystyrene used to 
create a void for reduced 
weight

CIP Beam 
Pedestals

US 90/Little River PBES Demonstration 
- Example Project -



Grout holes 
& Fill joint

2” Moth for scale

US 90/Little River PBES Demonstration 
- Example Project -



Required submittals of:
• Precast Placement Plan

• ABC-PBES Erection Stability

• Grouting Plan
• Material
• Equipment

• Grout Demo/ Mock-Up

Specified:
• Materials  (MSP 934)

• Tolerances  (MSP 455)

• Minimum Ages & Strength 
(Dev404 & MSP450)

• Installation (Dev404)

• Grouting (Dev404)

US 90/Little River PBES Demonstration 
- Specification Modifications-



US 90/Little River PBES Demonstration
- Lessons Learned -

1. Pre-approved grouts expedite construction;

2. Need grouts with greater tolerance to ambient 
temperature change (less temperature sensitivity);

3. Pre-construction mock-up was valuable;

4. C-I-P Beam seats provided versatility;

5. Lifting from precast bed is critical for controlling cracks 
in slender non-prestressed elements;

6. ABC cost increase mostly due to deck panels. Precast 
bent caps are cost competitive with C-I-P construction.

Design

Research

Const.



FDOT Developmental Design Standard
- Index D20700 series -

http://fdotsharepoint.dot.state.fl.us/sites/Officeofdesign/DSD
/Lists/DSDR/Attachments/19/DSDR-20700-PhaseIall.pdf

http://fdotsharepoint.dot.state.fl.us/sites/Officeofdesign/DSD/Lists/DSDR/Attachments/19/DSDR-20700-PhaseIall.pdf


FDOT Developmental Design Standard
- Index D20700 series -

Levels of Aesthetics and Precast Bent/Pier Cap Configurations

Level 1: 
Pile Bents
(20710 series)

Level 2: 
Multi-Column Pier
(20720 series)

Level 3: 
Twin-Column 
Hammerhead Pier
(20730 series)

Enhanced Level 3: 
Project Specific



FDOT Developmental Design Standard
- Index D20710 series -

Pile Bent with Pile Pocket Connections 
– Prestressed Concrete and Steel Pipe Piles (Level 1)

Source: Draft Developmental Design Standard Index D20710



Pile Bent with Open Cap Pocket Connections 
– Steel H-Piles (Level 1)

Source: SHRP2 Report S2-R04-RR-1 & 2 (ABC Toolkit)

FDOT Developmental Design Standard
- Index D20710 series -



FDOT Developmental Design Standard
- Index D20710 series -

Data Tables: Pile Bent Cap – Dimensions
– Prestressed Concrete and Steel Pipe Piles (Level 1)



FDOT Developmental Design Standard
- Index D20710 series -

Data Tables: Pile Bent Cap – Reinforcing
– Prestressed Concrete and Steel Pipe Piles (Level 1)



• Typical Efflux Time 
20-30 seconds;

• Typical Temperature  
70-80 degrees:

Grout Rheology Mockup Testing (Project BDV30 977-16):

Source: BASF Masterflow® 928

FDOT Developmental Design Standard
- Index D20710 series -

https://rip.trb.org/view/2015/P/1376528


Multi-Column Pier Cap with Grouted Duct Connections 
– Concrete Columns & Drilled Shafts (Level 2)

Source: 
US90/Little River 
(Contract Plans)

FDOT Developmental Design Standard
- Index D20720 series -



FDOT Developmental Design Standard
- Index D20720 series -

Data Tables: Multi-Column Pier Cap – Dimensions
– Concrete Columns & Drilled Shafts (Level 2)



FDOT Developmental Design Standard
- Index D20720 series -

Data Tables: Multi-Column Pier Cap - Reinforcing
– Concrete Columns & Drilled Shafts (Level 2)



Mathcad Design Program



Mathcad Design Program

Comparisons of US 90 
Demonstration project designs 
with new FDOT Mathcad program.

Comparisons of other design 
examples with new FDOT 
Mathcad program

Comparison with two designs recently completed 
in-house, a published TxDOT Pile Bent Design 
Example (June 2010), the SHRP2 R04-RR-1 two-
column bent cap design example, and analysis with 
Bentley’s RC Pier software showed good 
correlation of results. Deviations in the results can 
be explained by the refinements in modeling and 
loading assumptions for the different designs.



Implementation, Training & Tracking 

• Beta Testing of Mathcad Program – Oct-April 2015

• Draft Developmental Design Standard (DDS) Index D20710 & 
D20720 District & Industry Review – August 2016

• Preliminary Release - November 2016

• Draft D20730 - ?

• Design Update Training - February 2017

• Project Tracking and Monitoring – 2017 & 18

• Full Design Standard Implementation - ???

Research --> Demonstration Project --> DDS --> Design Standard Index

New NY Bridge (Tappan Zee) 
Precast Column Cap (Photo: courtesy 
of Coastal Precast Systems)



Implementation, Training & Tracking 

Developmental Design Standards
(DDS) can provide a bridge across 
the “Trough of Disillusionment” 
(Valley of Death) for effective 
implementation!

Source: Gartner Inc. Hype Cycle

Research --> Demonstration Project --> DDS --> Design Standard Index
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Questions?

Contact Information:

Steven Nolan

State Structures Design Office

Design Technology –
Structures Standards Group

Steven.Nolan@dot.state.fl.us

Ph. 850-414-4272

mailto:Steven.Nolan@dot.state.fl.us

