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Afternoon: (1:15 pm to 3.00 pm) discussion

topics/presenters:

« 1:15pm: Design and Construction of Bridges with
GFRP & BFRP Rebar — Steven Nolan (45-mins)

e 2:00pm: Example 1 Case Study for FRP-RC/PC
Bridge Project: Hamed Kazimi-D7 (15-mins)

o 2:15pm: Example 2 Case Study for FRP-RC/PC
Bridge Project: Chris Gooding-PGA (30-mins)

o 2:45pm: Final Q&A, and Closing - Richard
Krolewski and Steven Nolan (15-mins)

Featured Bridge:
4t St over Big Island Gap

2025 FRP Workshop for Tampa Bay Transportation Structures Engineers




Schedule

1. Design: Practices and Standards for
FRP-RC/PC.

‘mWN 2. Materials: Specifications, Testing, and
IT'S THE LA Qualification.

3. Construction: Example Projects &
Lessons Learned.
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Speaker Bio:

Steven Nolan, P.E.

Professional Engineer in Florida since 2003, current technical lead
coordinator for Florida DOT for implementation of Fiber-Reinforced
Polymer reinforcing and prestressing, stainless-steel prestressing, and
UHPC for structural applications. 10-years’ experience with development
of design guidance for FRP, 31-years’ experience with concrete design and
construction including 26-years with bridge design specification and
standards development. Current member of TRB committee AKB10-
Innovative Highway Structures, ACI 243, 239, 440C & CSAO, ASCE-
Structural Engineering Institute, Bridge Engineering Institute, and fib
(International Federation for Structural Concrete).
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Background:

* FDOT introduced guidance for the implementation of Fiber-Reinforced
Polymer-Reinforced and Prestressed Concrete (FRP-RC & FRP-PC) at
the 2014 Design Training Expo. We highlighted the planned release of
Standard Specifications, Structures Manual, and Materials
Manual updates, and the early design work for the seminal
demonstration project - Halls River Bridge.

* Reflecting on 10 years of implementation and the evolution of design
guidance, standard specifications and plans, many projects have now
been successful completed and continue to be monitored with the
goal of improving the state-of-the-practice and cost efficiency.
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Way Way Back: CFRP Prestressing Strand

* CFCC: Developed in Japan with first prestressed bridge application in 1988
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Way Back: CFRP Prestressing Strand

* CFCC: First USA bridge applicationin Mlchlgan in 2001 - Post-Tensioning

TOKYO ROPE INTERNATIONAL TOKYO ROPE INTERNATIONAL

May.zool‘m'“' field, Mic

TPT
CFCC 1x37 40.09p : 9.2m X 10 tendons,

9.4 m X 7 tendons
CFCC1x1921.8¢p: 9.0 m X 6 tendons

External Tendons

CFCC 1x3740.0p : 16.8 m X 24 tendons,

17.0 m x 30 tendons

Vertical section
U‘-‘-@Lﬂ g
A~ 1§

CFCC 1 x 3740 (Post-tensioned material, exterior cable)
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Last Decade+ : CFRP Prestressing Strand

* 2012 (Maine) & 2012-13 (Virginia)

TOKYO ROPE INTERNATIONAL TOKYO ROPE INTERNATIONAL

dgCTUREs (TRANSVERSE POST-TENSIONING ) Tele TRUCTURES ( PRESTRESSED CONCRETE PILE)
e | ' NIM \ 6 in\ irginis ] :

24” square pile
16 strands: CFCC 1 X7 15.2mm
Spiral: CFCC U 5.7mm
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Last Decade : CERP Prestressing Strand

2014 (Louisiana) & 2016 (Maine)

TOKYO ROPE INTERNATIONAL TOKYO ROPE INTERNATIONAL

July. 2007 in Maine

PROSPECT

ELEVATION VIEW

External tendon: CFCC 1 X7 17.2¢

CFCC length
100 m x 2 strands
2 st

PLAN VIEW 2 strands

——¢ cIrDER L——¢ GirDER

VIEW A-A

2 tendons/girder X 6 girders = 12 tendons
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Last Decade : Launched ERP Innovation \Webpage

* 2014 FDOT (Invitation to Innovation) RO

Contact: Steven Nolan, P ﬂom . Yy

WELCOME TO THE STRUCTURES DESIGN OFFICE

Office Manager: Will Potter, P.E. - State Structures Design Engineer

The Structures Design Office provides design guidance and technical assistance for structural, geotechnical, mechanical and electrical issues related
to structural design and construction. The Structures Design Office is 1 of 3 divisions under the Office of Design, along with Roadway Design, and

th=CADE Offioe: Curved Precast Sp.ced Fiber-Reinforced Polymer
U-Girder Priuges Reinforcing (Bars & Strands)
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FOR BRIDGE CONSTRUCTION —t® -

Fiber-Reinforced Polymer Geo-synthetic Reinforced Soil
Members and Structures Integrated Bridge System

Structures Design

Current Structures Manual Current e-Book Software Downloads

Structures Divisions

Segmcmal Block GE()—SVI’][M[IC Reinforced
Walls (SBW) Soll (GRS) Wall

Structures € 3 3 ' C! Structures Research Center
Website Softw; : Website

Ultra-High Performance
3 Concrete (UHPC)
Innovations Website Plans Review Website Design Examples
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Fiber Reinforced Polymer
Reinforcing

Structures Design - Transportation Innovation
Fiber Reinforced Polymer (FRP)
Reinforcing Bars and Strands

Overview

Usage Restrictions / Parameters
Design Criteria

Specifications

Standards

Producer Quality Control Program

Projects
Technology Transfer (T2)
FDOT Research

Contact




CERP Prestressing Strand & more... at FDOT

Fiber Reinforced Polymer (FRP)
Composites

)esign Training Design of First FRP Reinforced

Erpo Concrete Bridge in Florida

I T~11¢ - Proiect
nadilS NVET r10j1eCl

2016 | h
)esign Training

Erpo
HALLS RIVER BRIDGE REPLACEMENT

FDOT District 7 Structures Design Office

By Gevin J. McDaniel, P.E.
&
Chase Knight, PhD

Cristina Kay Suarez
Mamunur Siddiqui, P.E.
David Pelham

Structures Designer

Structures Design Engineer - SEOR
Senior Structures Designer & Geotechnical PM

2016 | \5
)esign Training
Erpo

New Standards for
Corrosion-Resistant Prestressed Piling
& Precast Bent Cap

Steve Nolan, P.E.
State Structures Design Office FDDT! }
—

Design Technology Unit - Structures Standards Group

Feasibility of Fiberglass Pretensioned Piles in a Sen, Rajan

8/1/1992 Marine Environment (USF)
Durability of CFRP Pretensioned Piles in Marine Sen, Rajan
8/1/1995 :
Environment Volume |l (USF)
11/30/1998 Studies on Carbon FRP (CERP) Prestressed Concrete  Arockiasamy,
Bridge Columns and Piles in Marine Environment M. (FAU)

FRPCO)
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FRP Reinforced Concrete Design

Presented by: Rick Vallier, P.E.
FDOT Structures Design Office

TRANSPORTATION
SYMPOSIUM

FRP Reinforced Concrete Structures:
10-year update, Lessons Learned, and
Emerging Best Practices

Steven Nolan, P.E.



https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/feasibility-of-fiberglass-pretensioned-piles-in-a-marine-environment.pdf?sfvrsn=5e1b98a2_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/feasibility-of-fiberglass-pretensioned-piles-in-a-marine-environment.pdf?sfvrsn=5e1b98a2_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/durability-of-cfrp-pretensioned-piles-vol-ii.pdf?sfvrsn=de6e2784_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/durability-of-cfrp-pretensioned-piles-vol-ii.pdf?sfvrsn=de6e2784_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/final-reports/b-9076---final-rpt.pdf?sfvrsn=705c1e58_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/final-reports/b-9076---final-rpt.pdf?sfvrsn=705c1e58_2

Design: Practices and Standards for FRP-RC/PC

FRP Reinforced Concrete Structures:

10-year update, Lessons Learned, and Emerging Best Practices
(Feb. 10th, 2025)

7 esign Training
) Expe VS, §

FRP Reinforced Concrete Design

Presented in 2017 by: Rick Vallier, P.E.

Updates in 2025 by: Steven Nolan, P.E.
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FRP Reinforced Concrete Outline

20717 vs.

A. FRP Reinforcing Bars

B. Research
C. Structures Manual
bDestgnStandards

EDevetopmentatbDesign
—Standards

Figure 1. Halls River Bridge under construction (a) and existing

bridge before demolition (b). [Courtesy of Astaldi Construction]
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A. Reinforcing Bars Spec. 932- .2 Bar Sizes and Loads

Table 932-8

Sizes and Tensile Loads of FRP Reinforcing Bars

Measured
Cross-Sectional Areal Minimum Guaranteed Tensile Load
. Nominal (in?) (kips)
Nominal
) Cross
DeBs?r r?;fiin[)ifrzztersecaonal CFRP
s (in) ‘ﬁfrfa BFRP & Bg?gp& (Type II)| CFRP
(") IMinimum|Maximum| GFRP Bars B Single & | (Type I)
ars -
(Type 0) (Type IIT) 7-Wire Bars
Strands

2.1-CFRP 0.21 0.028 0.026 0.042 - - 7.1 -
2 0.250 0.049 0.046 0.085 6.1 7.4 - 10.3

2.8-CFRP | 0.280 0.051 0.048 0.085 - - 13.1 -
3 0.375 0.11 0.104 0.161 13.2 16.0 - 20.9

3.8-CFRP | 0.380 0.09 0.087 0.134 - - 23.7 -
4 0.500 0.20 0.185 0.263 21.6 27.9 - 33.3
5 0.625 0.31 0.288 0.388 29.1 40.8 - 491
6 0.750 0.44 0.415 0.539 40.9 57.3 - 70.7

6.3-CFRP | 0.630 0.19 0.184 0.242 - - 49 8 -

7 0.875 0.60 0.565 0.713 54.1 75.8 - -

7.7-CFRP | 0.770 0.29 0.274 0.355 - - 74.8 -

8 1.000 0.79 0.738 0.913 66.8 94.9 - -

9 1.128 1.00 0.934 1.159 82.0 115.0 - -

10 1.270 1.27 1.154 1.473 08.2 138.7 - -

11 1.410 1.56 1.500 1.700 105.8 160.0 - -

FRPCO)
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A. Reinforcing Bars

Characteristics of FRP Reinforcement: ; 3
o Polymer resin matrix relatively weak: ,'» .
* Bondforce is transferred through resin to fibers.
* Shearresistance is considered relatively weak (~60%).
o Low compressive strength of FRP:
* Design contribution of FRP reinforcement to resist compression is fot
recommended-ignored.
o Modulus of elasticity is low:
* Dueto lower stiffness (6.5 msi & 8.7 msi), serviceability often controls the
design.
o Creep-rupture threshold is low (2596 30% f):

 Sustained high tension can cause fibers to fail after a period of time
* GFRPis considered more susceptible than CFRP (70% f,).

2025 FRP Workshop for Tampa Bay Transportation Structures Engineers



A. Reinforcing Bars

Characteristics of FRP Reinforcement: " | Jp.cusel- ACWA Presentation :
. Fiber Reinforced Polymer (FRP) Composites Rebar
o Linear Elastic to Failure @ 7| Tempa Florida-July 17,2012 "
o No Yielding (but higher strain at 60 ksi) %
o Higher Ultimate Strength 2
o Lower Strain at Failure 2
@
Bar | Yield strength f, or tensile | Modulus of elasticity,
type strength f5,, ksi kst
Steel 60 29,000
GFRP |(Type 0) 80 to 120 66660 6,500
AFRP (Type 111436~ 105 to 150 t2-660- 8,700
CFRP ([Type I1)366 22:000 22,480 3
From ACH440AR=-1t5FDOT Spec 932-4, ASTM D7957 & D8505 Tensile Strain (%)
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A. Reinforcing Bars

FRP Bar Mechanical Characteristics Influenced By:
Pre-Construction
o Manufacturing Process (FDOT MM Chapter 12.1)
o Rate of Curing
o Quality and Quantity of Constituents

Construction and Post-Construction

o Moisture (current limitation on BFRP in submerged
marine environments. See FRPG 2.1)

o Ultraviolet Exposure (Spec. 416 limits on exposure)
o Elevated Temperature (Fire < T,)

o Alkaline, Acidic, Saline Solutions (C-=0.70)
Iliﬂ!:@ 2025 FRP Workshop for Tampa Bay Transportation Structures Engineers



https://www.fdot.gov/programmanagement/implemented/urlinspecs/section121v2.shtm

A. Reinforcing Bars

Characteristics of FRP Reinforcement:

o Endurance time in fire or elevated temperature less than for steel for
anchorage zones (ACI 440-H is working on criteria):
* Reinforcement type, aggregate type, and concrete cover will
iInfluence fire performance
* Tensile, compressive, and shear properties of the resin material
diminish as temperature approaches the glass transition temp. (7g)

Property Test Method Requirement
(Glass Transition ASTM E1640 (DMA) 2230°F
Temperature (Tg) ot
ASTM E1356 (DSC) =>212°F

Specification 932-4 https.//www.fdot.gov/programmanagement/specs.shtm
Iliﬂj:@ 2025 FRP Workshop for Tampa Bay Transportation Structures Engineers



https://www.fdot.gov/programmanagement/specs.shtm

A. Reinforcing Bars

Characteristics of FRP Reinforcement:

o Life cycle costs tikety-lower where steel corrosion is a concern (see HRB).

o SCMs (HRPs) for corrosion protection are may not be needed:

*Silica Fume < Ultrafine Fly Ash
* Metakaolin  «CateiumNitrite
o TIransportation costs are lower

and handling easier for FRP
due to light weight (~25%).

o Concrete cover reduction is
allowed (see FRPG Table 2.2).
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A. Reinforcing Bars

Bent Bars Characteristics:

o FRPis pultruded from thermoset resin (viable thermoplastic resins
are emerging)

o FRPis fabricated with bends (thermoplastic and olefin resin will
allow controlled thermal bending - NCHRP IDEA-207 validated this):
* Sharp bends can be manufactured, but avoided due to potential

low stress failure. < |

* Bend Radius/Bar Diameter = 3.
* TailLength =12 x Bar Diameter.
* Field bending not permitted.



https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=4654
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/design/standardplans/2025/idx/415-010.pdf?sfvrsn=594ffa8e_1

A. Reinforcing Bars

From DevetopmentatbDesign-Standard Plans Index B21310 415-010:
(renumbering to match steel bar bending Index)

C

A

8 ARC = g
5 | . ﬁ ]G u| o [
‘ m
(W)
Na. of Laps = N I _BJ &)

o
TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPE 10 TYPE 11 HOOK DETAILS
| Detailing Dim. |  Hook | Detailing Dim.
‘ AorG ‘
vall Cffc,@ )
’ +T = =T
< c 9 G ¢ Q C | e
@E 2 ( 5 g g N : z : i S
e . & i E s} R=C o 180° 90°
I_.L_I B IL_I B i BAR b 180° HOOKS 90° HOOKS
TYPE 17 TYPE 23 SIZE A ORG J A OR G
TYPE 12 TYPE 13 TYPE 14 TYPE 15 %3 | 2 o > o
#4 3 6" 4 8"
C ) #5 3%" 7 5 10"
r'—j Spiral #6 | a4l & 6" 10"
— #7 5l 10" 7 72"
B o #8 a" 11 g 1'-4q"
{O‘ STYLE ] 3

R=C Outside Core B |
Diameter —

TYPE 24 TYPE 39
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Standard Plans Instructions Topic No. 625-010-003
Index 415-010 Bar Bending Details (FRFP) FY 2024-25

A. Reinforcin

~— TYPE 1D TYPE 10 —.

1.3y Min, 1,38, Min

TrPE I

Complex Shapes: | ,

LAPPED STRAIGHT BARS (TYPE 2)

TYPE 1

TYrFE 1
TYPE 10 — TYPE 10 . DETAILING DIM. -
20 ’ 1
?‘{f LONG LEG U S5HAPE
~— TYPE 10
4 = e " o L3y Min.
3 el E H
— S
t t +
— L p3 min
TYFE N TYRE 10
OPEN STIRRUP 1
Z BAR SHAPE
TYPE 14 —. — TYPE 14
r 1 1.3¢, Min
- TYPE I - - TYRE T
\r’-.
Alg
~|E
lk\.=
TYFE & | 130, Min. _
QPEN STIRRUFP 2
CLOSED STIRRUP 1
TYRE 17—, — TYPE 17
P 134 Min. — TYPE 17
s )
’ N
= TYPE 17 1.36 Min
L =g
=|E
CLOSED STIRRUP 2
Optional Closed
, , TYPE I
Cﬂnffguranﬂn KOTE: See Developmental Standard D415-010 far
OPEN STIRRUFP 3 referenced Single Bar Bending Types.

{Shown Dashed)

TYP. COMPOSITE SHAPES
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1. Steel Reinforcing Bars; cost per pound

O O Carbon Steel, ASTM A615, Gr. 60 or 75 $1.50

A R e I n fO rC I n B a rS Low-Carbon Chromium Steel, ASTM A1035, Gr. 100 $1.90
e Stainless Steel, ASTM A955, Gr. 60 or 75, or ASTM A276, UNS $7.00
S31653 or S31803 '

2. FRP Reinforcing Bars, Specifications Section 932-3; cost per linear foot. Add
$2.00 per hook, or bend for stirrups, and $2.00 per revolution for circular spirals.
Add a lump sum of $5,000 per bar size for each lot of FRP reinforcing bars to
account for the cost of testing.

Cost Comparison (Installed Bid Avg. Cost) [& T = % T % T T % [ [ [ o

$1.50 | $2.00 | $2.30 | $2.70 | $3.50 | $4.50 | $5.80 | $7.20 | $8.50

Average Unit Costs FDOT Structures Manual for BDR Cost Estimating
2‘:‘: Nominal HRB (3-bids) (2025)
Diameter GF§g1l?éars GF?OPzzars Grade 60 Steel  Stainless-Steel
#4 | 0.500” $1.18/LF $1.90/LF $2.00/LF $6-601.00/LF | $2:724.68/LF
#5 | 0.625” $1.37/LF $2.29/LF $2.30/LF $6-941.56/LF | $4197.30/LF
#6 | 0.750” $1.55/LF $2.71/LF $2.70/LF $4352.25/LF | $5:9810.53/LF
#8 1.000” $2.54/LF $4.04/ LF $4.50/ LF $2404.00/LF | $16:7418.69/LF

** 2023 FDOT Bid Avg.
Note: Thereis nottypically a 1:1 substitution of FRP for steel bars.

Black steel bar based on $1.50 $6-96-/ b for all bar sizes.
Stainless steel bar based on $7.00 $4-60 / b for all bar sizes.

tﬂg@ 2025 FRP Workshop for Tampa Bay Transportation Structures Engineers




A. Reinforcing Bars

Flexural Strength Design Philosophy
Steel Reinforced Concrete Design
o Tension-Controlled Behavior
o Yielding of Steel Prior to Concrete Crushing Provides Ductility and
Warning of Distress through extensive cracking and deformation

0
FRP Reinforced Concrete Design 0.75 \
o Tension-Controlled Behavior = — -
* FRP Rupture (phi=0.55) ??? fr=se A e
o Compression-Controlled Behavior 03¢, 5 5

* Concrete Crushing prior to FRP Rupture (phi =665 0.75)
o “Margin of Safety” is higher than for Steel Reinforced design

2025 FRP Workshop for Tampa Bay Transportation Structures Engineers



A. Reinforcing Bars

Design Assumptions

O
O

O O O O O

Plane sections remain plane

Flexural strength using equivalent rectangular concrete stress
distribution

Compressive strain in concrete assumed to be 0.003

Tensile strength of concrete is ighored

Perfect bond exists between concrete and FRP reinforcement
Tensile behavior of FRP reinforcement is linear elastic until failure
Compressive strength of FRP reinforcement is ignored

2025 FRP Workshop for Tampa Bay Transportation Structures Engineers



B. EDOT Research

Research and field implementation of FRP materials is ongoing
and desigh recommendations continue to evolve and improved.

m

Performance Evaluation of GFRP Reinforcing Bars

Nov. 2018 Embedded in Concrete Under Aggressive Environments Kampmann FAMU-FSU BDV30977-18
April 2019 Degradation Mechanisms anq Service Life Estimation of A. El Safty UNF BDV34 977-05
FRP Concrete Reinforcements
Performance Evaluation of Basalt Fiber Reinforced R.

june 2015 Polymer (BFRP) Reinforcing Bars Embedded in Concrete Kampmann PAMU-FSU BVD30 986-01
April 2022 Epoxy Dowel Pile Splice Evaluation with FRP Bars A. Mehrabi FIU BDV29 977-52

“Stainless Steel Strands and Lightweight Concrete for M. BDV30 977-27
bec. 2020 Pretensioned Concrete Girders” (w/ GFRP shear stirrups)  Roddenberry FAMU-FSU (Report A)
July 2022 Improving Testing Protocc?l and Material Specifications for R. FAMU-FSU BEG94

Basalt Fiber Reinforced Polymer Bars Kampmann

@ My fisphstation Structures Engineers

INSTITUTE


http://www.fdot.gov/structures/innovation/FRP.shtm
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/bdv30_986-01-finalreport.pdf?sfvrsn=68c925f2_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/bdv30_986-01-finalreport.pdf?sfvrsn=68c925f2_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/bdv29-977-52-final.pdf?sfvrsn=e8b446b9_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bdv30-977-22-a.pdf?sfvrsn=c51de6aa_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/research/reports/fdot-bdv30-977-22-a.pdf?sfvrsn=c51de6aa_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/be694-execsummary.pdf?sfvrsn=bc9d3f92_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/be694-execsummary.pdf?sfvrsn=bc9d3f92_2

B. EDOT Research

Research and field implementation of FRP
materials is ongoing and expanding...

m
n Date

BDV31977-110

Aug. 2022 Development of GFRP Reinforced Single Slope Bridge Rail G. Consolazio

Dec. 2023 Evaluat.lon of Glass Fl.ber Rel.nforced Polvmers. (GFRP) <l FAMU-FSU
Spirals in Corrosion Resistant Concrete Piles

Feb-Oct. FSBs With Stainless Steel Strands and GFRP Shear M. FAMU-FSU
2025 Reinforcement Roddenberry
Waterline Pile Cap Footings for Bridges using Large
April 2025 Diameter FRP Reinforcing — Material Characterization and A. Nanni UM
Design
HRB Extraction and Physio-Mechanical Testing of FRP
May 2025 Reinforcing Bars from 5-year-old Seawater Concrete Test F. De Caso UM

Blocks on Halls River Bridge Bulkhead

Iliﬂj:@ 2025 FRP Workshop for Tampa Bay Transportation Structures Engineers

BDV30977-27

BED30 977-09

BEE76 977-01

BEE76 977-02


https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/final-reports/2022/final-report-gfrp-rc-rail-bdv-31-977-110-w-appendices-rev-(1).pdf?sfvrsn=9bf4e188_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/final-reports/2023/task-9-final-report.pdf?sfvrsn=3332831b_1
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/final-reports/2023/task-9-final-report.pdf?sfvrsn=3332831b_1

C. EDOT Structures Manual

90ff

FDOT Design Criteria for FRP:

«*«ﬂ%%}i ‘0 2017 Vol. 1- .SDG.
o o Bearing Piles-3.5
: o Fender Systems-3.14
o Structural FRC-3.17
o BDRCost Estimating-9.2
o BearingPiles

FD
Topic No. 625-020-018

FLORIDA DEPAR

o SheetPile
Vol. 2-SDM
e o Fender Systems -24
5 stru ctu\’e Vol. 4 - FRPG
FDOT STRUCTUR LR U/ Reinforcing Bars — 2
Strands - 3

Volume 1 - Structures Design Guidelines

Strengthening -4
Pultruded Shapes-5
VIP Shapes -6

Thermoplastic Shapes -7

Volume 2 - Structures Detailing Manual
Volume 3 - FDOT Modifications to LRFDLTS-1
Volume 4 - Fiber Reinforced Polymer Guidelines

O O O O O O

http://www.fdot.gov/structures

Iliﬂj:@ 2025 FRP Workshop for Tampa Bay Transportation Structures Engineers


http://www.fdot.gov/structures

C. EDOT Structures Manual

FDOT Design Criteria for using FRP Composites:

The Structures Manual implements basic design
guidelines for FRP composites in specific
applications.

As is the case with all structural materials, the

engineer must practice the appropriate standard
of care when designing components using FRP
composites.

2025 FRP Workshop for Tampa Bay Transportation Structures Engineers



C. EDOT Structures Manual

Volume 4 - Fiber Reinforced Polymer Guidelines (FRPG)

Unless otherwise stated within the FRPG, the use of FRP composites
requires approval of the State Structures Design Office.

Obtain concept approval before proceeding with any design effort.

After concept is approved, submit the design to the State Structures
Design Office for review.

FDM 121.3.2: “Any component designed using Fiber Reinforced
Polymer (FRP) composite materials except components in the
Standard Plans”is designated as Category 2 Structure/SSDO Review.
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C. EDOT Structures Manual

Volume 4 - Fiber Reinforced Polymer Guidelines (FRPG) - Section 2:
Permitted use whenapprovedby the-SSbE:

o Approach Slabs o Retaining Walls, Noise Walls,

o Bridge Decks & Bridge Overlays Perimeter Walls

o Cast-in-Place Flat Slab o—tratticRaftings
Superstructure o Pedestrian/Bicycle Railings

o Pile Bent Caps notindirect o Bulkheads and Bulkhead
contactwith-water Copings

o Pile Jackets o MSE Wall Panels and Copings

o Pier Columns and Capsnetin O Drainage Structures
directecontactwith-water o Dowel Bars for Exp. Joints

Note: Other elements will be considered on a case-by-case basis.
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C. FDOT Structures Manual

FDOT Structures Manual - Vol. 4 FRPG 2.3
Concrete Cover Requirements in Extremely Aggressive Environments

FRP Cover Steel Cover
Component : :
Requirements | Requirements

External Surface Cast Against Earth 3in. 4.5 in.
Box Culverts 25 2in. 3in.
C.l.P. Cantilever Retaining Walls 25 2in. 3in.
MSE Walls 2 1.51n. 3 in.
Bulkheads and Sheet Pile Caps 3-21in. 41in.

See FDOT Structures Manual for cover requirements for other components.
http.//www.fdot.gov/structures
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C. FDOT Structures Manual

GFRP/CFRP Reinforcing Bars — Section 2 — Design Criteria

Desigh concrete members with FRP reinforcement according to:
o AASHTO LRFD Br/dge DeSIgn Gu:de Spec:/flcatlons for GFRP Reinforced

Concrete A -

o AASHTO Guide Specification for the Design of Concrete Bridge Beams

Prestressed with CFRP Systems. ACH404Prestressing-Concrete-Structures
with-FRPTfendons

Design Bridge Decks according to:
o AASHTO LRFD Bridge Design Guide Specifications for GFRP-Reinforced

Concrete Bridge-becks-and-FrafficRaitings (2"° Edition)
Use FRP Mechanical Properties per FDOT Section 932-4.
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Comparison of Rebar Qty. — Bridge Deck Example A
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Comparison of Rebar Qty. — Bridge Deck Example B

BARS 4V (TYP.)
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Iliﬂ!:@ 2025 FRP Workshop for Tampa Bay Transportation Structures Engineers




Comparison of Material Qty. — Deck Area 1 (Example A)

Convention CS-RC (ASTM A615): GFRP-RC (ASTM D8505-23):
* Thickness =8” * Thickness =77 > 4,,=-12%; A, 4,0, = -15%
* Concrete Cover=2" * Concrete Cover=1"
* Flexural Depth (#5’s)d =5.7" * Flexural Depth (#5’s)d =5.7"
 Empirical (aAsHTO-BDS): Bottom layers  * Empirical (AASHTO-GSG): =~ Bottom
=#5’s @ 73.8”(0.27in%/ft); Top layers transverse layer =#5s @ 6.5 (0.83%)
=#4’s @ 13.3”(0.18 in?/ft) Other 3-layers =#5s @ 127 (0.35%)
° Emp|r|cal (FDOT): #5’3 @ 12”** ¢ TOtal Rebar: Af = 1.50 inz/ft2 deCk)
* Total Rebar (aasHT0): A= 0.90 in?/ft?; 3 Z‘VO’“me 5’:’;2’;}0) B} :26 17 Z//;) ; jwefg”t: :gg;f
(FDOT): A= 1.24 in?/ ft? volume » Tweight
End Span Bridge i 1511 e s o ss02 ariar Santic
Deck - Example A I 5so4sjssos|/* L — 214" LR (ToP) [ | mssm&ssasl_\ JJ’J.J TfJ O 92C AJ.JIJ .
zggk jﬁf T e | g“ *Minimum bar size and spacing governs




Comparison of Material Qty. — Deck Area 2 (Example A)

Convention CS-RC (ASTM A615): GFRP-RC (ASTM D8505-23):

* Thickness =8” * Thickness=7" 2D, ,=-12%; D, g, = -15%

* Concrete Cover=2" * Concrete Cover=1"”

* Flexural Depth (#5’s) d =5.7” * Flexural Depth (#5’s) d =5.7”

* Empirical: (AAsHTO): Bottom layers = #5’s @ * Empirical (FDOT/AASHTO-GSG): “ “Bottom
13.87 (0.27in%/ft); TOp transverse = #4’s @ transverse =#5s @ 6.5 (0.83% =0.57 in?);
13.3” (0.18 in?/ft); + Top long. = #5’s @ 67 (0.62 in%/ft) Other 2-layers =#5’s @ 12” (0.35% = 0.31 in?);

* Empirical: (FDOT): 3-layers @ #5°s @ 12” ** +Top long. =#5s @ 67 (0.62in*/)
(0.31 in?/ft); * Total Rebar: A; = 1.817 in?/ft?

= (0] = _ 0)
* Total Rebar (aasHTO): A= 1.34 in?/ ft? 7 Avol (AASHTO) = +35%; A 000
(FpoT): A= 1.55in?/ ft?

weight

> A, (FDOT) =+17%; A =-71%

weight —

. : { ; — — 5504 6 5505 **Minimum bar
End span Brldge DeCk ] Link-Slab SeCtion y e | ZI CLR. (BOT. I\ € BEAM 3R i | BEAMJAIR i ] SiZe and SpaCing
Example A - ‘ governs
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Comparison of Material Qty.

— Deck Area 3 (Example A)

Convention CS-RC (ASTM A615):
* Thickness =8"”

* Concrete Cover=2"

* Flexural Depth (#5’s) d =5.7”

 Empirical (AAsHTO-BDS): 2~Bot. layers = #5’s @
13.8” (0.27in%/ft); Top long. = #4’s @ 13.3” (0.18
in2/ft); Top transv. = #4’s + #5°s @ 47 (0.82 in?/ft).

 Empirical (Fpor): 3-layers #5°’s @ 12” “* (0.31
in2/ft); Top Tranv. = #5’s @ 47(0.93 in?/ft).

GFRP-RC (ASTM D8505-23):

* Thickness=7" 24, ,=88%; A =85%

weight

* Concrete Cover=1"
* Flexural Depth (#5’s) d =5.7"

* Empirical (AASHTO-GSG): Bot. * transv. =
#5°s @ 6.5” (>0.83% =0.57in?); 2~long. layers =
#5’s @ 127 (>0.35% =0.31 in?); TOp transv. =
#5’s @ 47 (0.93 in¥ft).

 Total Rebar: A, =2.12 in?/ft?> deck)

Dverhne DS clensz ‘
Deck-ExampleA Jj'jrfJJJfJDJ (ffJJCJJJrJ,Jﬂ) ‘

governs

2 Ayorume (AASHTO) = +38%; A, = -66 %
. = 04 = - 0)
* Total Rebar (aasHTO): A= 1.54 in?/ft?; 2 Avorume (FDOT) = +14%; A0 =72 %
—_— / 2 2 o {TYF:J 5503 SPA. BTWN 5502
(FDOT): A - 1. 86 In / ft . I be .. RicHT s s (rom sso7 | (OVER INT. BENTS) (TYP.)
_ > Sl - L _ A e ] Minimum bar
£ Span Brico PR o0 DR sieandspecin

FRPCO)
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Comparison of Material Qty. — Deck Area 4 (Example A)

Convention CS-RC (ASTM A615): GFRP-RC (ASTM D8505-23):
e Thickness = 8” * Thickness = 7" 2 A,,=-12%; A, =-15%

weight ~

Concrete Cover=1"
Flexural Depth (#5’s) d =5.7”

Empirical Overhang + Link-Slab (AASHTO-GSG):
Bot. * transv. = #5’s @ 6.5” (>0.83% = 0.57in?); Bot.
.=#5s@ 127 (>0.35% = 0.31 in?);

* Concrete Cover=2"
* Flexural Depth (#5’s)d=5.7"

 Empirical Overhang + Link-Slab (aAsHTO
2~Bot. layers = #5’s @ 713.8” (0.27in?/ft);

Total Rebar: A, = 2.69 in?/ft? deck)

* Empirical-Link (FpoT): 2~Bot. layers #5’s @ 12” ** N
(0.31in%/ft); Top Tranv. = #5’s @ 47(0.93in%ft). TOP. > A
long. = #5’s @ 6”(0.62 in?/ft).

(AASHTO) = +48%,; A =-67%

weight —

(FDOT) =+24%; A =-69 %

weight —

volume

volume

PA. BTWN 5502
NT. BENTS) (TYP.)

BARS 4V (TYP.
5503 5
(OVER I
04 & 5505 6L RIGHT — 214" CLR (TOP) /rssm —_— *%* M Tali b
| [/ inimum bar
0 A4 — 1 - | . .
BEAM 1 ?|§ 7 cua wory )| ¢ BEAM 3R 2§BM s Iﬁl(‘" Slze and SpaCIng
¢ BEAM 2R
FIB-36 (TYP.)
(INDEX 450-036)

governs
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 Total Rebar (AAsHTO): A .= 1.82 in?/ft3;
(FDOT): A= 2.17in?/ ft2.

End Span Bridge
Deck - Example A Overhangs @ Link-Slab

¢ BEAM 5R




Comparison of Material Quantities — Example A Summary

Convention CS-RC (ASTM A61)5): GFRP-RC (ASTM D8505-23):

* Example A (End Span Rebar) * Example A (End Span Rebar)

* Empirical (AASHTO): As O 49%0. 90 + * Empirical (both): As=0.49*1.50 +
0.15*1.34 + 0.15*1.81 + +0.08%2.69 =
1.22 in?/ ft2 1.82 in?/ ft2

* Empirical (FDOT): A O 49*1 24+
0.15*1.55 +
1.53 in?/ ft2

**Minimum bar size and spacing governs

(AASHTO) = -12%; A, ... = -15% for GFRP-RC

Concrete =2 A

vol.

miagemeck | Rebar = A, (AASHTO) = +49%; A, =-63 %.
- Example A Rebar 2 A,oume (FDOT)  =+19%; A, =-70 %.
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Comparison of Rebar Qty. — Pile Bent Cap Example C

FDOT 2022 Webinar Series

oo
*@"  SYMPOSIUM

GFRP Reinforced Concrete Design
for Pile Bent Caps

https://transportationsymposium.fdot
.gov/Attendee/PastWebinars2022

Steven Nolan, P.E. — State Structures Design Office

October 19, 2022

GFRP Reinforced Concrete Design for

1072072022 Pile Bent Caps

Presentation
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https://www.gotostage.com/channel/5f598fa79fb84067b1a7bd573efabcf1/recording/a0cf5721a73241bdb6a22101dcbf7a69/watch?source=CHANNEL
https://transportationsymposium.fdot.gov/Attendee/PastWebinars2022
https://transportationsymposium.fdot.gov/Attendee/PastWebinars2022

Design Example for Pile Bent Cap Summary

« Comparison of different design alternates for 5-piles @ 9-ft spacing (Example 1) - Higher
Modulus GFRP Rebar (Ef =6,500 psi to 8,700 psi for future enhancements to ASTM D7957)

GFRP-RC (Type 0) GFRP-RC
Rebar Location 3-ft Deep Cap 3-ft Deep Cap
(E¢ = 6,500 ksi) (Ef= 7,250 ksi)
6 ~ #8’s 7~ #7'’s 6~ #7's
B0 [ASUIEI ] (A =4.7in?) (A, =4.2in?) (A, =3.6in?)
Bars D & E - Flexural 8 ~ #8's 7~ #8’s 6~ #8's
Bottom (A;=6.3in?) (A;=5.5in?) (A;=4.7 in?)
: 4-legs #5 at 11" sp. 4-legs #5 at 13" sp. 4-legs #4 at 10" sp.
SEIBVEIS SIS (A, = 1.4 in/ft) (A, = 1.1 in2/ft) (A, = 1.0 in/ft)
{ :ttl i'—"' - i | : I Bar: C ::\l I'VII Va2 I\'ZI\'li V4 I VE
] A A5 T IIET
| . - mmn S R e
(S;Sﬁmps ' i ; i e a: ARttt :::::::::j::'::::/:,i,'/l
SECTION A-A BasD | | | ' |
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Design Example for Pile Bent Cap Summary

« Comparison of different design alternates for 5-piles @ 9-ft spacing (Example 1)

6~ #8's 6~ #6's

Bars A - Flexural Top +80% or (+38%)

(A= 4.7 in?) (A, = 2.6 in2)

Bars D & E - Flexural 8 ~ #8’s 0 0 7~ #7'’s
Bottom (A;=6.3in?) e (A2 (A,=4.2in?)

4-legs #5 at 11" sp. 4-legs #4 at 12" sp.

- 1 (o) (o)
Bars V3 - Shear Stirrups (A = 1.4 in?/ft) +75% or (+25%) (A, = 0.8 in?)
/ f T . | i I Bar ¢ i\'l V2, Va3 I\'zlﬂi V4 | VS
T el LA T T
(“ =g - | o olIHEEEL N R
Shear Stirrups I - | ::::::::::::::::: R R HET RS

SECTION A-A anu_u N |Lu LLH | | |m |,/'
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Construction: Example Projects & Lessons Learned

Projects with Fast-Facts Sheet

4th St North over Big Island Gap (D7) -
40th Ave NE over Placido Bayou (D7)
Arthur Drive over Lynn Haven Bayou (D3)

Bakers Haulover Cut Bulkhead Replacement (D6)
Bimini Dr Bridge on Duck Key (D6)

Cedar Key Bulkhead Rehab (D2)

Halls River Bridge (D7) - In-house Design.

Key West Bight Ferry Terminal Extension (D7)

NE 23" Ave over Ibis Waterway (D6)

PortMiami Tunnel Retaining Walls (D6)

South Maydell Dr over Palm River (D7)

SR-A1A Flagler Beach Seawall (Segment 3) (D5)
SR-A1A over Myrtle Creek and Simpson Creeg (D2)
SR-5 (US-17) over Trout River (D2) ,
SR-5 (US 41) over Morning Star and Sunset Wateerag@
SR-30 over St Joe Inlet (D3)

SR-45 (US 41) over North Creek (D1)

SR 112/1-195 Over Westshore Waterway (D5)
SR-312 over Matanzas River (D2)

SR-520 over Indian River Bulkhead Rehab (D5)
Sunshine Skyway Seawall Rehabilitation (D7)

UM Innovation Bridge

UM Fate Bridge

UM I-Dock

US-1 over Cow Key Channel (D6)

‘ , } s://www.fdot 20%/EREMaresiimfovationafER. Shansportation Structures Engineers

In-house Design.

D1)

Upcoming Bridge and Seawall Projects

D2:
D2:
D2:
D3:
D3:
D3:
D4
D4.
D4.
D4.
D5:
D5:
D5:
D5:
Dé6:

US1/King St over San Sebastian River (437428-1)

St. Augustine A1A/Avenida Menendez Seawall replacement (428271-2)

CR 357 over Shired Creek (437402-1)

CR30A over Western Lake (443331-1)

CR30B/Indian Lagoon (441185-2)

CR 372/Surf Road over Otter Creek Rise (442951-1)

US 1/Jupiter Federal Observation Platform (428400-2)

SR-A1A North Causeway Bridge Observation Platform (429936-2)
17t St/Indian River, East End-Vero (446106-2)

SR 5/US 1 Over Earman River (442891-1) — In-house Design.

SR-A1A Seawalls - Flagler Beach & Nth Volusia Co. (452443-1 & 452444-1)
Barracuda Blvd New Smyrna (437935-1) — In-house Design.

5th Street over Yacht Club Cut (437936-1)

US1 over Pellicer Ck (447118-1)

FKOSH Bridge Replacement... (448206-1 & (448207-1)



https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430500-1.pdf?sfvrsn=3ecc5549_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-430463-1.pdf?sfvrsn=69d269c_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-433378-1.pdf?sfvrsn=251664bd_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-biminidr.pdf?sfvrsn=bcd1e427_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-432194-1.pdf?sfvrsn=dace9199_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430021-1.pdf?sfvrsn=284640a9_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430463-1.pdf?sfvrsn=69d269c_2
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-434359-1.pdf?sfvrsn=175168c2_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-251156-3.pdf?sfvrsn=b8f6d082_2
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/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-426169-1.pdf?sfvrsn=52a7099a_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-426169-1.pdf?sfvrsn=52a7099a_2
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-435815-1.pdf?sfvrsn=2832a310_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-441967-1.pdf?sfvrsn=ee33221_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-428229-1.pdf?sfvrsn=fa5a8805_2
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?sfvrsn=ffbf5260_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-fatebridge-um.pdf?sfvrsn=a55d3a69_2
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://nflroads.com/ProjectDetails.aspx?p=5461
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&WPITEM=437428&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://nflroads.com/ProjectDetails.aspx?p=5612
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=428271&WPITMSEG=2&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=437402&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&WPITEM=443331&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=441185&WPITMSEG=2&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=442951&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://fdotwp2.dot.state.fl.us/ibi_apps/WFServlet?FSRV=MVS&IBIF_focexec=DRIVER&ABRA=O&IBIF_parms=FOCLIB=PPDFM&FOCPGM=CRRINQ01&WPITEM=428400&WPITMSEG=2&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://fdotwp2.dot.state.fl.us/ibi_apps/WFServlet?FSRV=MVS&IBIF_focexec=DRIVER&ABRA=O&IBIF_parms=FOCLIB=PPDFM&FOCPGM=CRRINQ01&WPITEM=429936&WPITMSEG=2&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&WPITEM=446106&WPITMSEG=2&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/fastfacts-442891-1.pdf?sfvrsn=ca9035e_1
https://fdotwp2.dot.state.fl.us/ibi_apps/WFServlet?FSRV=MVS&IBIF_focexec=DRIVER&ABRA=O&IBIF_parms=FOCLIB=PPDFM&FOCPGM=CRRINQ01&WPITEM=442891&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://www.cflroads.com/project/452443-1
https://www.cflroads.com/project/452444-1
https://fdotwp2.dot.state.fl.us/ibi_apps/WFServlet?FSRV=MVS&IBIF_focexec=DRIVER&ABRA=O&IBIF_parms=FOCLIB=PPDFM&FOCPGM=CRRINQ01&WPITEM=437935&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&WPITEM=437936&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=447118&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=448206&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=448207&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://www.fdot.gov/structures/innovation/FRP.shtm#link9

Construction: D7 Example Project
* 40' Ave NE over Placido

Bayou (FPID: 443600-1)

--------

T Y

* 4t St North over Big Island

R

: L e
AT VIR AL 01110 1daa) 1000 031y 1 N
PHASE 1

PHASE 11
CONSTRUCTION CONSTRUCTION

(17.6 m)

Gap (FPID: 430500-1)

5-6"
CAST-IN-PLACE
TOPPING SLAB (TYP.)

(kAN \N\W\\\\\U\
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FRP
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In-house Design
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Future Construction: D6 Example Projects

* Long Key Bridge Replacement
(448206-1 & (448207-1)

F@ SR 5/US 1 LONG KEY BRIDGE OVER LONG KEY CHANNEL PD&E STUDY | FPID 448206-1-22-01 1| ETDM 14451
DISTRICT 6 ALTERNATIVE BRIDGE REINFORCEMENT COORDINATION MEETING

Also known as the Dante B. Fascell Bridge

Long Key Bridge Facts
"B & Year Constructed: 1981
S Bridge Type: Precast Segmental
Box Bridge
I Vertical Clearance: 25.54 feet

< Horizontal Clearance: 111.0 feet

[Lirii.1] Bridge Length: 12,152 feet
(2.3 miles)

&ia Travel Lanes: Two 12-foot
I travel lanes

e - S o Shoulders: 6-foot paved
Existing Long —— = e o%o shoulders on both sides of the
Key Bridge — 2 - T bridge also function as
P undesignated bicycle lanes

e ———

Sidewalks: No existing sidewalks

Part of the 110-mile Florida Keys National Scenic Highway / All-American Road

Letting Date: 03/15/2027

FRPCO)

* Seven Mile Bridge Replacement
(448207-1)

A ARDIRRA DR

Sexven MUle Brudge

SR 5/US 1/0VERSEAS HIGHWAY SEVEN MILE BRIDGE OVER MOSER CHANNEL
PROJECT DEVELOPMENT AND ENVIRONMENT STUDY

Letting Date: 03/11/2030

2025 FRP Workshop for Tampa Bay Transportation Structures Engineers



https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=448206&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=448207&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=448207&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1

Construction: D5 Example Projects

* SR-A1A Seawalls - Flagler Beach & Nth ¢ Barracuda Blvd over Canal Bradano
Volusia Co. (452443-1 & 452444-1) (437935-1) In-house Design

30-0" 85'-0" (OVERALL BRIDGE LENGTH) 30-0" ,
APPROACH SLAB NO. 1 APPROACH SLAB NO. 2
(STANDARD PLANS (STANDARD PLANS
INDEX 400-090) INDEX 400-090)
500"+ (EXISTING

BEGIN BRIDGE FFBW—= ! : —— END BRIDGE FFBIW

END BENT WO, 1 END BENT NO. 2
Flnan_c‘la' P‘rOJeCt SEGMENTAL BLOCK WALL (TYP.) TRAFFIC RAILING FLORIDA-I 36 GUARDRAIL (TYP.)
Identification (FPID) Nos.: (STANDARD PLANS BEAM (STANDARD STANDARD PLANS

INDEX 52]-427) PLANS INDEX INDEX 536-001
452443-1 & 4524441 450-036)
EJ] I E7
——————————— m 2 e
3 D7 V] E
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R ] D—— [ EXISTING LME ~ DHW = +6.60 ' 0 ———— R ——— s
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The Florida Department of Transportation -
(FDOT) is set to start construction on the first + o
of two buried seawalls along State Road (S.R.) ‘

A1A. The first wall will extend from one-half mile
north of Highbridge Road in Volusia County to
South Central Avenue in Flagler County. Work is
expected to begin in February 2024 at the

north end of the seawall in 2-0" DIA. PRIMARY SECANT PILE (TYP)

(REINFORCED) 4" OVERLAP (TYP)

Construction Update Gl
T

AUGER CAST PILE

SECANT WALL

NOARMAL HIGH WATER ELEVA

+1.38 (PASIVE SIDE)

TOP OF WALL / DESIGN
WATER ELEV. (ACTIVE SIDE]

N
ECANT

LE)

F-0" DIA (TYP}

ne

NLAUNLALNIA AL

\3'70“ DIA. INTERMEDIATE PILE (TYP) |
(UN-REINFORCED) ON [SEE SECANT %

ALL DATA TABLE)

g
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https://www.cflroads.com/project/452443-1
https://www.cflroads.com/project/452444-1
https://fdotwp2.dot.state.fl.us/ibi_apps/WFServlet?FSRV=MVS&IBIF_focexec=DRIVER&ABRA=O&IBIF_parms=FOCLIB=PPDFM&FOCPGM=CRRINQ01&WPITEM=437935&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1

Construction: D4 Example Projects

e 17t St/Indian River, East End-Vero
(446106-2)

* SR 5/US 1 Over Earman River
442891-1) In-house Design

848" .
R/W Lina { Construction RAW Line
e !.— § Survey & ¢ Constr. SR 636 & PGL !// s !/ Varies 806" to 705" ™
I 1 119-1" Coping te Coping
rex 40-0° 2 400 !
1-8%" Buffer o UL o 1-8%" Buifer |41 S9-6l S4Bk
8-3%" [ 12-0" Lane 12.0° Lane P | X 12-0" Lane 120" Lane ] g-3% | 53— Construction Jont
Bike Lane Westbound Westhound Shoulder Shouider Eastbound Easibound Bike Lane 1 G410 54-3
N . ' Fhiase 111 Brige Fhiase 11 Bridge
| 1'-4* Traffic Railing 6" -6 1e4" Traffic Rail
| Shidr. Shidr. raffic Railing
36" Single Slope L i -4 , 5, 100 -0 - . 176" N 1-0" 1o 1o L 5-a \ X 1r-a
O O I g?g‘l’ﬂ’;;:’;;ja;:}"’ 3‘3 i O O zsﬂ?:éraan Sidewalk Shoulder Lane Lane Lane Traffic Separator Lane Lane Lane Shoulder Sidewalk
o Slope: 0.0208 FLF N [stope: 0.0208 Fririgy Y ‘ ‘ ‘ i t '
1
1 N |
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mn m m an : —H— . h rh —
] | - ‘ T . 1 - ! S Y S O O e W s W s W
ﬂ J"'I'l " l.-l_ l"L l“i l-|_ \— i'%:'—FI-SB Beam ‘ I . - g |
s Index No. 450-452 I 2o pen [a £y o LJ. u u Ll u u L:i - o . ey - .
H u u L'l L'l' LJ' u —— Construction foint u LJ' L'l' L'l u u H
-1
O B/GFRP-RC
: 395-9" {Limits of Span Replacement) O FRP or S5-PC PROPOSED BRIDGE TYPICAL SECTION
137'-5" Overall Length of Bridge
2~Span Cont. Slab Topping 2~Span Cant. Slab Topping 2~Span Cont. Slab Topping | 2~Span Cont. Slab Topping - 40 Begin Bridge 137'-1" Continuous Deck with Simple Span Beams L End Bridg
@ 45-0" = 90'-0 @ 450" = 900" @ 45-0" = 900" @ 396" = 790" End Bent 1 ¢ Bent 2 [ ¢ Bent 3 End Bent
46'-9" 45-0" 450 450 4o 45 450 396" 396" 30-0" [ 30 30-0" 45-10" ‘ 45 _gr 45-10" 30-0"
Span 56 Span 57 | Span 58 Span 59 | Span 60 Span 61 | Span 62 Span 63 I Span 64 Apg.}ggcﬂ Approach slab 1 Span 1 ‘ Span 2 Span 3 Approach Slab 2
o ~ o o = ~ ry m = E - ) |
al il 2] ? G| G ol 3| 5 Sl Is I R B N S R
= Z . “[:':;. E. E. E. E. ;. ;'f o
EJ n:.| m| o :::| = ml m| L) Elg E|&§ F1lo T NS
EJ = EJ e e EJ e e EJ e e e = e - ly ' \
— —_— ' —_— ' —_— ' ' ' : ! =~ Min. Horiz. Clearance k ;
IE_--- ] : ] |/\\ | I | -0 OB/GFRP-RC i~ MHW EL 0.35 | ¢
==== L T [ - - T 1 "
s 3 3~ EGIE FTE — : [J FRP or SS-PC MLW El. (-)2.45 [l - 18" Sq. CFRP/
E f 7 EWE EHE \\ R 1,\ E \ FLIE F o L{ ——————— I concrete pile
L] _/ LW M.HW. Riprap Rubble Existing Ground Line at
New Flarida [-36 El. -1.28 Fl. -0.53 Riprap (Typ.) Right Edge of Coping
Beam at Span 56 --20 . ELEVATION
L ¢ Existing 24" Square l—— § New 18" Square Prestressed Approximate Florida Slab New 36" Single Slope Traffic
' Prestressed Concrele ! Concrete Pile (Typ, at All Mud Line Beam (Typ.) )

Railing (Index 521-427}

w+ Mini
Pile (To Remain) Minimum V

Intermediate Bents and End Bent)

U TA'A® Aay
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https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&WPITEM=446106&WPITMSEG=2&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://fdotwp2.dot.state.fl.us/ibi_apps/WFServlet?FSRV=MVS&IBIF_focexec=DRIVER&ABRA=O&IBIF_parms=FOCLIB=PPDFM&FOCPGM=CRRINQ01&WPITEM=442891&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1

Construction: D3 Example Projects

* CR30A over Western Lake (443331-1)

20-01%)

120"

¢ CONST. CR 30A
12-0"

LANE

LANE

* CR30B/Indian Lagoon (441185-2)

34'-6" COPING-TO-COPING

173

17-3

417"

-0

I1-0

4-11"

G SHLDA.

LANE

LANE

|=— [ INDIAN PASS RDAD

t

SHLDA.

. . , . K
___I—j____l:j_____l_—ﬂ ————l_—'—' E'C{.F.DECK“
N e o b
| | | | :
[ 11 11 [ ~
11 : 11 : 11 : 11 }
11 ] 11 | 11 | 11 I
11 | 11 | 11 1 11 1
11 11 11 11 17 FLORIDA SLAB BEAM
(TYP) fINDEX 450-45])
FINAL SECTION
80'-0" CONTINUOUS DECK WITH SIMPLE SPAN BEAMS
BEGIN BRIDGE 149'-4" (OVERALL BRIDGE LENGTH) END BRIDGE (OVERALL BRIDGE LENGTH)
END BENT 1 END BENT 5 , 200" 40-0" 40-0" 21'-1%" ‘
. 20-0" 370 gn 37 v . 37 . 27 30'-0" . APPROACH SLAB SPAN 1 SPAN 2 APPROACH SLAB
APPROACH SLAB SPAN 1 SPAN 2 SPAN 3 SPAN 4 APPROACH SLAB END BRIDGE ?2;}'}’?@{&%? Il ¢ INT. BENT 2 ~— END BRIDGE
END BENT 1 —
¢ INT. BENT 2 ¢ INT. BENT 3 G INT. BENT 4 o END BENT 3
12" FLORIDA SLAB BEAM EJ ; /- F5B 12'X58 EJ

(INDEX 450-451) (TYP.)
EJ

TRAFFIC RAILING (36" SINGLE-SLOPE)
(INDEX 521-427) (TYP.) |

RESTRESSED
E PILE (TYP.)

LME. 8.768

LOW MEMBER EL. 6.57

|
> Y f e W
i 'l
! T ! = 'l
. DHW EL. 7.50 \ MHW EL_HQ_I]

PROPOSED GROUND LINE

24" SQUARE PRESTRESSED
CONCRETE PILE
(INDEX 455-124) (TYP.)

BERM EXISTING GROUND LINE

(TYP.)

(TYP.) EL. 7.0 (TYP.)

EXISTING GROUND
AT ¢ CONST. CR 30A
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https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&WPITEM=443331&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=441185&WPITMSEG=2&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1

Future Construction: D2 Example Projects

e St. Augustine A1A/Avenida Menendez
Seawall Replacement (428271-2)

* US1/King St over San Sebastian
River (437428-1)

248'-0" CONTINUOUS TOPPING WITH SIMPLE SPAN BEAMS

(OVERALL BRIDGE LENGTH)
5 - -
6200 | 61110 — | 620 Figure 2 - Proposed Bulkhead Typical Section
SPAN 1 SPAN 2 SPAN 3 SPAN 4 Al
l-—— END APPROACH SLAB ¢ INTER. - ¢ INTER. ¢ INTER. -
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|
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cJ 4 4 == 4
T IR =——————————=—=FtEO- === CONCRETE |PAVEMENT /SIDEWALK |
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https://nflroads.com/ProjectDetails.aspx?p=5461
https://nflroads.com/ProjectDetails.aspx?p=5461
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&WPITEM=437428&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://nflroads.com/ProjectDetails.aspx?p=5612
https://nflroads.com/ProjectDetails.aspx?p=5612
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=428271&WPITMSEG=2&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1

Construction: D1 Example Projects

* Skyway Rest Area (437635-1, e US41 over Morning Star & Sunset
437973-1 & 438528-1), E1P44, Waterways (435390-1), T1742, Fast-

Fast-Facts: bulkhead cap Facts: Link-slab details (GFRP & BFRP)
replacement; xCR-sheet pile wall

extension & traffic railings — —2/27/19 letting, (Bid Tabs) — status:
status: complete. | completed 10/30/20.

e US41 over North Creek (433550-3),
T1747, Fast-Facts: piles (HSSS-PC),
wall panels, flat-slab, traffic railings,
8/28/19 letting (Bid Tabs) — status:

completed 7/7/21.

2025 FRP Workshop for Tampa Bay Transportation Structures Engineers


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-435390-1.pdf?sfvrsn=7f740ba8_2
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CREATIVE CONCRETE CONSTRUCTION

Corrosion-Resistant Fiber-Reinforced Polymer
Reinforcement for Concrete Structures

by Steven Molan, Florida Department of Transportation, Matthew Chynoweth, RS&H,
and Dr. Antonio Nanni and Dr, Francisco De Caso, University of Miami

n article in the July—August 1993 issue of PCY Journal opens with

he observation, “By the 1980s, the technology that spawned the
original AASHTO 1-beams was 30 years old. The beams had more than met
their intended goals, but times were changing: sophisticated structural
analysis, improved materials and fabricating technigues, and advanced
construction methods were being introduced at a rapid pace.”’ Readers
today may note that this opening statement does not mention durability,
resilience, or sustainability. Perhaps the author felt confident that the
durability challenges for reinforeed and prestressed concrete had been
resolved, especially considering a S0-year nominal design life. 1t is not
surprising that “resilience” and “sustainability” were not mentioned; these
terms as currently used were absent from our lexicon in the early 1990s.

Increased Target Service Life

In 1994, the first edition of the American Association of State Highway
and Transportation Officials’ A4SHTO LRFD Bridge Design Specifications*
increased the nominal design life from 50 to 75 years. This change was
partially based on the performance of existing bridge stock, but it also
reflected the reality of a growing bridge inventory, which exceeded 570,000
structures in 1990 and could not affordably be replaced every 50 vears.* By
this time, a longer design life was feasible because the industry had improved
its understanding of the mechanisms involved in the corrosion of steel
reinforcement and how they are exacerbated by long-term chloride diffusion
and carbonation.”

Three decades later, the 1.5, highway bridge inventory exceeds 623,000
bridpes.” Another notable development is that bridge deck areas are often
much greater than in the past, due to capacity and safety improvements
such as additional travel lanes, wider roadway and bicycle shoulders,
and additions of sidewalks on many non-limited-access bridges.
Furthermore, increasing wrbanization, managed lanes, and a generally
more constrained roadway network have resulted in significant increase
in the associated earth-retaining and water-conveyance structures, which

FRPCO)

are also predominantly reinforced concrete, including precast concrete.
Mdditionally, there have been significant advancements in reinforced
concrete structural materials technologies, such as fiber-reinforced
polymers (FRF), high-strength stainless-steel strands and reinforcing
bars, and ultra-high-performance, steel-fiber-reinforced concrete.
Simultaneously, societal expectations for safety, maintainability, and
reliability are increasing, while the intensity of both natural and human
made shocks and stressors from the surrounding environment are also on
the rise %

With sufficient concrete cover, good detailing, and appropriate
workmanship practices, uncracked high-performance concrete and carbon-
steel reinforcement typically provide adequate durability 1o achieve a 75-year
target service life. However, asset managers and bridge owners still face
sushstantial durability challenges, including mitigating in-service concrete
cracking (especially for bridge decks in colder regions), achieving corrosion
resistance in low-level trestle bridges in coastal areas, and meeting target
service-life expectations of 100 to 150 vears,

Ome solution to such challenges is the use of extremely corrosion-resistant
reinforcement. Of the available material classes that could meet an enhanced
{1H)-vear) target service life in an extremely corrosive environment, FRP
reinforcing bar and prestressing strands are one practical solution and
are the focus of this article” A follow-up article presenting state-of-the-art
stainless-stee] reinforcing bar and strand reinforcement as another viable
option is planned as part 2 of this series.

Developments in FRP Reinforcement
Many developments have oceurred since our article, “Glass Fiber-
Reinforced Polymer {GFRP) Reinforcement for Bridge Structures” in the
Summer 2020 issue of ASPIRE®, The following are worth highlighting;
* The publication of the American Concrete Institute’s Building Code
Regueivements for Stricchiral Concrele with Gless Fber-Reinforced
Polvmer (GFRP) Bars—Codde and Commentary (AL CODE-441.11-22)"

The 17th Street Bridge replacement over Indian River in Vero Beach, Fla., includes 168 prestressed concrete Florida slab beams with
fiber-reinforced-polymer reinforcement. The 45-ft long beams use carbon-fiber-reinforced-polymer strands and glass-fiber-reinforced-
polymer auxiliary reinforcement. All Photos: Florida Department of Transportation.
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The Florida slab beams, piles, and bent caps of a low-level observation deck at the U.S. Route 1 bridge replacement in Jupiter, Fla.,
have carbon-fiber-reinforced-polymer prestressing strands and glass-fiber-reinforced-polymer reinforcement.
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WELCOME TO THE STRUCTURES DESIGN OFFICE Structures Design Office

Office Manager: Will Potter, P.E. - State Structures Design Engineer

The Structures Design Office provides design guidance and technical assistance for structural, geotechnical, mechanical and electrical issues related
to structural design and construction. The Structures Design Office is 1 of 3 divisions under the Office of Design, along with Roadway Design, and
the CADD Office.
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Safety Message

Contact Us W)

NOcall. =
NOTHING IT'S THE LAW

is worth losing a life over.

Syed (Hamed) Kazimi, P.E.

District 7 Structures Design Office

Florida Dept. of Transportation

Email: Syed.Kazimi@dot.state.fl.us>
Office #: 813-975-6771

Steven Nolan, P.E.

State Structures Design Office

Florida Dept. of Transportation

Email: steven.nolan@dot.state.fl.us
Office #: 850-414-4272
Website: https://www.fdot.qov/design/Innovation/
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