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INDURRN Speaker Bio: Steven Nolan, P.E.

FRP Reinforcement Deployment in Florida

-

-

Registered Professional Engineer in Florida since 2001. Originally from Australia with an engineering
degree from the University of New South Wales (Sydney) 1989. A Construction Engineer for a heavy civil
contractor for several years before emigrating to the USA in 1996 and joining FDOT. Currently leads the
implementation of Advanced Materials for Bridge applications within the State Structures Design Office.

Chair of the statewide Structural Advance Materials Technical Advisory Group (SAMTAG), which coordinates
deployment and monitoring of the 8 technologies of immediate interest to FDOT including UHPC, FRC, and various BFRP,
GFRP & CFRP composite reinforcements. His 23 years with FDOT also includes in-house bridge design; PM structural
research projects; development of many of the FDOT precast and prestressed concrete Design Standards; and participation
in NCHRP and NIST Technical Panels;

Member of: Transportation Research Board (TRB) AFF80 Committee on Structural FRP; Bridge Engineering Institute’s
(BEI) International Advisory Committee; fib; reviewer for ASCE Journal of Composite Construction. Provides technical
support for FDOT members on AASHTO’s T-6 (FRP Composites) and T-10 (Concrete Design) Committees on Bridges and
Structures. Co-author and presenter for numerous papers on FRP and Prestressed Concrete related to bridges and coastal
structures including most recently: ACI-SDC Forum 46, BEI-2019; TRB (2018-2019); 2018 fib-Congress, ASCE-Florida,
IALCCE-2018, IBC-2018; ABC-UTC Conferences (2014-2015); CAMX Conferences (2015-2019); and FDOT Transportation
Symposium & Design Training Expo's (2013-2019).
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Owner/Designer’s perspective

Historical French-Floridian Bridge Technology Sharing
Why use FRP rebar for Bridges & Public Infrastructure

Available Design Guidance & Tools
Cost Justification (Service Life, LCC, etc.)
What do we still need?

Typical Project Examples

— The sustainability balance ___

environmental




INDURI 15 sunshine skyway (1950-1954)

R, " Ti-

2nd Sunshine Skyway (1984-1987) |

1

G gmscer Barraes Comet-srtn

| TS

e sy

Fig. 13. The Brotonne Bridge is pictured over the Seine River in France.
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Fig. 1. Pictured is Jean Muller.
Courtesy: PCl Journal “Jean Muller: Bridge Engineer” (March-April 2006 ).

Historical French-Floridian Bridge
Technology Sharing
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_ Florida Keys Bridges

Figl

Until 1978, all precast concrete seg-
mental bridges were built by the bal-
anced or progressive cantilever method,
with the exception of smaller overpass
structures, The first designs produced
by Figg and Muller Engineers were for
the Florida Keys bridge replacement
program and included the Long Key
Bridge, Seven-Mile Bridge, Channel
Five Bridge, and Niles Channel Bridge

Fig. 1. Long Key Bridge — A pracast segmental, post-tensioned, span-by-span
structure. (Courtesy of Figg and Muller Engineers Inc., Designer)



2nd Sunshine Skyway (1984-1987)



https://www.youtube.com/watch?v=I20u-O7tFhw&feature=emb_title

Historical French-Floridian Technology
Sharing

* Poutre-Dalles System (PDS) for prestressed-

* 2013 FDOT French Study slab units.
. . e 2004 FHWA Scan Tour inspired adoption of similar PDS b
PT-Duct Flexible Filler Vinnesota DOT? in 2005",0 P Y
(wax) Tour

* Later adoption by FDOT in 2013 with a modified concept
2013 Florida Representatives , — Florida-Slab Beam (FSB) - 70 bridges designed to-date.

https://www.matiere-tp.com/beam-slab/ ¥

(1) MnDOT/FHWA Precast Slab System Workshop Summary Report, FHWA, Sept 8, 2005. 6


https://www.matiere-tp.com/beam-slab/

New Zealand:
Population = 4.7 Million
Area = 268,000 km?
Coastline = 15,134 km (17,209 km)
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Comparisons

Population:
France = 65 Million
Florida = 21 Million

Area:
France = 643,800 km?
Florida = 170,300 km?

Coastline (shoreline):

T www.wri.orqg/
2 NOAA

France = 4,853 km (7,330 km)?
Florida = 2,170 km (13,576 km)?

¢ California
39.56 million
(2018)

Texas
28.7 million
(2018)

¢ Florida
21.3 million
(2018)

2018

FLORIDA POPULATION GROWTH


https://en.wikipedia.org/wiki/File:Britain-fractal-coastline-100km.png
https://en.wikipedia.org/wiki/File:Britain-fractal-coastline-50km.png
https://en.wikipedia.org/wiki/Great_Britain
http://www.wri.org/
https://coast.noaa.gov/data/docs/states/shorelines.pdf
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Florida GFRP-RC Projects

. . 40th Ave NE over Placido Bayou
lNDUR Fast-Facts sheets for selected projects available: ) ;
AUV GraneTRhOsIeAllEs Arthur Drive over Lynn Haven Bayou
FRP Rebar Projects \ o Bakers Haulover Cut Bulkhead Replacement **
@ Jatanassee—— } ¥ja cksonville Cedar Key Bulkhead Rehab **
®  GFRP (Glass) Projects - e ‘e

Halls River Bridge **

Florida NE 23" Ave over lbis Waterway

' PortMiami Tunnel Retaining Walls **

South Maydell Dr over Palm River

SR-A1A Flagler Beach Seawall (Segment 3) **
SR-5 (US-17) over Trout River **

SR-5 (US 41) over Morning Star and Sunset Waterways
SR-5 (US 41) over North Creek

SR-30 over St Joe Inlet

SR-312 over Matanzas River **

SR-520 over Indian River Bulkhead Rehab

Sunshine Skyway Seawall Rehabilitation

UM Innovation Bridge **

UM Fate Bridge ** ** completed
UM i-Dock **

US-1 over Cow Key Channel

® CFrRrP (Carbon) Projects

@ CFRP Prestressed Piles (Index &
7 D22600/22600) Projects S

® BFRP (Basalt) Projects

CFRP/GFRP Concrete Sheet Piles
(Index D22440/22600) Projects

® Other

@



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
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-430021-1.pdf
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
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-435815-1.pdf?sfvrsn=2832a310_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

Why use FRP rebar for Bridges and Structures

|NDURB - Florida maintains more than 17,000,000 m# (185M ft?) of bridge area
 Florida has more than 6,500 km (4,000 mlles) seawall bulkheads

WebTable 3. Shoreline hardening and population statistics by state (1) ; e Causeway seawall
Hard Hard  Hard Hard Bay): :
sheltered Sheltered sheltered  open Open open Hard Total Ha
shore shore shore shore  shore shore shore shore shor
(km) (km) (%) (km)  (km)  (km)  (km)  (km) (%)
Atlantic
Connecticut 477 1907 25 0 0 477 1907 25
Delaware 287 2163 13 5 45 I 292 2208 13
DC 29 54 53 0 0 29 54 53
Florida' 2694 11 365 24 58 628 9 2752 11992 23 o e MRS Pees
Gulf - : :
Alabama 356 2606 14 T ’;gandy Blvd. seawall
Florida’ (Tampa Bay)

I~

ﬂu-&\h-ﬁ

' Florida Keys
e o

o Seven M/le Brfdge _‘ vvf’,iand-Old (Florida Keys) S ' - 10



https://esajournals.onlinelibrary.wiley.com/doi/abs/10.1890/150065

Why? ...Inevitability of Corrosion
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Figure 1. a) Components for corrosion; b) Electro-chemical process of corrosion; ¢) Generation of stress inside the concrete; d) Evolution of
cracks as corrosion progresses; e) Cracks due to corrosion; f) Spalling due to corrosion; g) Delamination due to corrosion.

Reinforcement
e) Cracking

Figure 1 from: Corrosion Mechanism in Reinforced Concrete (Maia & Alves, 2017)
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Why? ...Drastic Consequences Demand
Different Solutions

|NDURB Fiber-Reinforced Polymer (FRP) composites have been successfully utilized for durable
bridge applications for more 30+ years worldwide, demonstrating their ability to
provide reduced maintenance cost, extended service life, and significantly increase
design durability.

4000

FRP materials of most interest to 1500 Carbon fiber
FDOT (currently): -
. Carbon FRP
* Carbon FRP strands and laminates - 2500 / omid

(PAN fiber with epoxy or vinyl-ester fiber Basalt fiber
resin systems)

* Glass FRP reinforcing Bars - (E-CR // ///Z/ FoTass fiber
fiber with vinyl-ester resin systems); 1000 ///
* Basalt FRP reinforcing bars (melt rock 500 é_f

Steel bar

2000 -

=
L
=
=]

Tensile strength (MPa)

fiber with epoxy resin systems). 0

} } } S EE——
0 5000 10000 15000 20000 25000 30000
Strain (pe) 12



Mandatory (normative) Specifications

> —
J'U
a n
o)

°

- Currently there are mostly only Guide Design documents in the USA.

* Uniform Approval Processes
- Manufacturer Approval vs Product Approval
* Reliable Design Tools
- Commercial vs. Agency based design programs
AASHTO LRFD Bridge
Guide for the Design and Design Guide Specifications
gggz%;i}gg,;}:gggé(::3: for GFRP-Reinforced Concrete
e ortorcd ofme
0
5
S
O Er e St
< o  ASTMINTERNATIONAL

Available Design Guidance & Tools

l l\mu ((H{P) S\ tems

13
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Florida Department of
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Structures Design

Design Innovalion
Fiber Reinforced Polymer Reinforcing

)
”
tructures Design - T o i Phato Slidashow
Fiber Reinforced Polymer (FRP)
Reinforcing Bars and Strands | e
-

strictions / Parameters
taria

nology Transfer (T}
Contact

Overview

The deterioration of reinforcing and prestressing steel within concrete 1s one of the
prime causes of failure of concrele structures. In addition o being exposed to

FRF bars in 8 bridge deck

) Photo courtesy of Hughes Bros.
weather, concrete ransporlation struclures in Flonida are also commonly kecated in Md 4| P b
AQgEssive eNVINMENts SUCh 35 manne Incations and mland water crossings where .._I_.I.._BY.J_._.__.J

the water Is acidic. Cracks in concrete create patns for the agents of the aggressne
environments to reach the reinforcing andlor prestressing sieel and begin the
cofrosive oxidation process. An innovative approach to caombat this major issue is to
replace traditional steel bar and strand reinforcement with Fiber Reinforced Polymer
(FRP) reinforcing bars and strands. FRP reinforcing bars and strands ane made from
filarments or fibers held inoa polymeric resin matric binder. FRP reinforcing can be
made from various types of fibers such as glass (GFRP), basalt (HFRF) or carbon
(CFRP). A surface treatment s typecally provided that taciitates a bond between the
reinforcing and the concrete.

Beneficial characteristics of FRP reinforcing include
= Itis highty resistant Lo chioride ion and chemical attack
= Its lensile strenglh is greater than that of steel yel it weighs only one quarter as

*  Mandatory Specifications needed

- Currently there are mostly only Guide Design docs in the USA

FLORIDA DEPARTMENT OF TRANSPORTATION

image courtesy of W3P USA

STRUCTURES MANUAL

Volume 1 - Structures Design Guidelines
Volume 2 - Structures Detailing Manual

Volume 3 - FDOT Meodifications to LRFDLTS-1
Volume 4 - Fiber Reinforced Polymer Guidelines

Frequently Asked Questions
2018 Revision History
Archived Structures Manuals
Additional Links

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

Materials Acceptance and Certification System

- elect Report to View

Production Facility

Aggregate Production Facility Listing

All Producers (Excel)

Approved Aggregate Products For Friction Course

Approved Aggregate Products From Mines or Terminals Listing
Approved Products at Expired Mines or Terminals

Asphalt Production Facility Listing

Asphalt Recycled Products

Asphalt Targets

Cementitious Materials Production Facility Listing
Coatings Production Facility Listing

Fiber Reinforced Polymer Production Facility Listing

Lists all Aggregate Production Facilities

Lists all non-expired Production Facilities in an Excel file
Lists all Aggregate Friction Course Products by Geological 7
Lists Approved Aggregate Products for Mines or Terminals
A summary report to identify Approved Products at Expired
Terminals Expired at Mine

Lists all Asphalt Production Facilities

Approved Asphalt Recycled Products Report by Plant
Alisting of the asphalt gradation and gravity (Gsb) data for 4
Lists Cementitious Materials Production Facilities

Lists all Coatings Production Facilities

Lists all Fiber Reinforced Polymer Production Facilities

14


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

Available Design Guidance & Tools

Uniform Approval Processes (National based systems preferred)

INDURN\ -

- Manufacturer Approval vs Product Approval  https://mac.fdot.gov/smoreports

Generated: 5/28/2019 6:08:38 PM

FDOT\)

= -7 Fiber Reinforced Polymer Production Facility Listing
FRP-02 OWENS CORNING (BELYTHEWOQOOD, SC)
Company:  Owens Coming Infrastructure Solutions fffice, 5007 N.E. 39th Avenue, @ FRP-07 PULTRON (DUBAI)
Contact:  John Amonett Email: john.amonett@owenscoming.com Company:  Pultron Composites Ltd
Phone: (419) 819-9739 Fax: L Contact: Bogdan Patrascu Email: begdan@pultron.com
Physical Address: FRP-06 PULTRALL Phone: (714) 880-9533 Fax:
1051 Jenkins Brothey Company:  Pulirall Inc Physical Address: Mailing Address:
Blythewood, SC 2901 Conlact:  ROXANNE FORTIER Email: roxanne.fortier@pultrall.com 5404 Streat 5404 Street
Phone: (418) R2R-2902 avk 921 Fax- b - Building 10 Jebel Ali Free Zone South Building 10 Jebel Ali Free Zone South
QC Plan Status: . - =
Physical Address| FRP-12 TUF-BAR INC (EDMONTON CAMNADA) UNITED ARAB EMIRATES FRP-08 ATP
#04 GFRP E ;ﬁﬂfe?i@rye Nord Company: Tuf-Bar Inc.
etford Mines
QC Plan Status: Qual H A
#08 GFRP Y naoa Contact:  Nathan Sim Email:  nathan@tuf-bar.com an Sialus:  Lual Company:  ATP
#06 GFRP E Phone: (780) 448-9338 Fax: #04 GFRP BAR contact:  Aniello Giamundo Email: a.giamundo@atp.sa.it
#07 GFRP E QC Plan Status: Physical Address: Mailing Address: #05 GFRP BAR Phone: (811} 848-7131 Fax:
#08 GFRP E #03 GFRP FRP BAR| Physical Address: Mailing Address:
—— 404 GFRP 5715-76 Avenue 5715-76 Avenue #06G ¥
#08 GFRP BAR | via Gampa 34 via Campa 34
#05 GFRP CANADA CANADA — = L
#06 GFRP ITALY FRP-14 TUF-BAR INC (ONTARIO CANADA)
QC Plan Status: Quality Control Plan ACCEPTED 3192019
#08 GFRP ) _ ) ) QC Plan Status: Company:  Tuf-Bar Inc.
1 #03 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrete, #3 403 GFRP B Contact: Jay Christopher Email: jay@tufbarcanada. com
#04 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrete, #4 404 GFRP g Phone:  (519) 833-5050 Fax:
#05 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrete, #5 405 GFRP B Physical Address: Mailing Address:
#06 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrate, #6 #06 GFRP B 7 Erin Park Dr 7 Erin Park Or
#07 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrete, #7 408 GFRP CANADA CANADA
#08 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrete, #8
! Y "9 QC Plan Status:  Quality Control Plan AGCEPTED 12/11/2017 15



https://mac.fdot.gov/smoreports

Available Design Guidance & Tools

|NDURB * Accessible & Reliable Design Tools
- Commercial vs. Agency/Institution based design programs

Florida Department of
FD OT TRANSPORTATION E-Updates | FL511 | Site Map
| Search FDOT.. [»

Used with FDOT Standard Plan Index 400-289 (formerly Index 289)

Box Culvert v4.0 11/07/2018 I{ﬁg”[_l‘f‘:gé 15) to design concrete box culverts, wingwalls, headwalls, and cutoff walls
Structures Design GERP-RC in development | in accordance with the AASHTO LRFD Bridge Design Specification.
A Used with FDOT Standard Plan Index 450-010 to 450-299 (formerly
- - ' Index 20010 to 20299) to design simple span prestressed beams
Programs Library Frestressed 11/07/2018 I(Eruﬁgt%:g}é 15 (Florida-l, AASHTO, Florida Bulb-T, Florida-U, Florida Double-T, Flat
i Slab, Inverted-T, FSB) in accordance with the AASHTO LRFD Bridge
CFRP-PC Beta version ** Desigﬂ Speciﬁﬂatiﬂn_

Exe (Zip) Analyzes and designs fixed or pinned bent caps, including lateral
Bent Cap v1.0 11/07/2018 {Mathcgd 15) I::nads_, in a_ccordance with the AASHTO LRFD Bridge Design
GFRP-RC included (3b) Specifications.

- ' Used with FDOT Standard Plan Index 400-010 (formerly Index 6010)
Eg t;mmg Wall 11/07/2018 Fﬂﬁgﬂ%ﬁé 15) to design and analyze cast-in-place retaining walls in accordance with
; GFRP-RC Alpha version ** the AASHTO LRFD Bridge Design Specification.

https://www.fdot.qgov/structures/proglib.shtm ** Available on request 16



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

Projects using Pile-Bent Cap Design Tool:
40th Ave NE over Placido Bayou

Halls River Bridge **
NE 23rd Ave over lbis Waterway

Intermediate Bent- Cﬂp AnEﬂYSIS & DESIQH
Project =

FDDT Dogned By -

Checked By =

State Structures Deslgn Cffice Back Checked By =

Run the appropriate worksheets by double clicking the icons below. Modify the input data as required &
execute <calculate worksheet= (Ctrl + F9) twice to save/view information. When finished, close the worksheet
window without saving to return to this screen. Project information is stored in the Project Data File (.dat file),

s0 Mathcad worksheets should not be saved, unless permanent modifications are intended.

PART 1: LOAD GENERATOR

L A [

SR-5 (US 41) over North Creek
PART 2: FRAME ANALYSIS
Exe (Zip) Used c 5| et
Box Culvert v4.0 11/07/2018 P to desi RN
(Mathcad 15) 12 9€5! ~T |
Used v J,
. Index S 7
Prestressed Exe (Zip) : Bent Cap Analysis Model
11/07/2018 Floridi
Beam v5.2 (Mathcad 15) ESIab, |{ PART 3: DESIGN & AASHTO BDS CHECKS
Design T
‘ T |
Exe (Zip) N A
Bent Cap v1.0 J 11/07/2018 (Mathcad 15) Isuaggi,ﬁ o e —
p PART 4: CONNECTION DESIGN
Retaining Wall .\ o000 Exe (Zip) psed ¥ —
vi.3 (Mathcad 15) the AA | M | M

» L]

aouted Duct Pile Pocket Pile Pocket w/ CMP

17


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-430021-1.pdf
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-433550-3.pdf?sfvrsn=2406c6e3_2

Typical GFRP-RC Applications and Details

. . . Standard Plans Instructions Topic No. 625-010-003
!\NT,,DFMU,,'RB PrOJects using Bulkhead Cap standards: Index 455-440 Precast Concrete Sheet Pile Wall (CFRP/GFRP & FY 2020-21
Bakers Haulover Cut Bulkhead Replacement ** _HSSS/GFRF)
H H Xk
Halls River Bridge Figure 1 Typical Cap Details
NE 23 Ave over Ibis Waterway P
pen Stirrups® I
SR-5 (US 41) over North Creek [ Pair of Closed [0 _Cast-in-Place Pile + 1-0" {Hin)
(b“”'””s‘ (Typ. at /Concrefe Cap *k
SR'3O over St JOe Inlet —— \'?‘”0 slots) Open Stirrups
¥ 4 between Pile
SR-520 over Indian River Bulkhead Rehab Amir SN i I
. . . rr=31Ec-"1-""ri3iEcrr-"r-3%lc- _ Longitudinal 2
Sunshine Skyway Seawall Rehabilitation RN S H Bars (Typ.) l o
- ot - = over =
““See Detail A =) % (Typ.J ?
L LA L Al s 2
’\Concrere Sheet P”’ES\ u —~ go;ﬁz glrf;rrrsups
| formed using 2
[ G open stirrups,
PARTIAL ELEVATION Min. Min. = See Detail A
2" Min. b \—Concrere
LJ Open Sfr'r'rupsh%'\l—w Sheet Pile
- N SECTION A-A
* All reinforcing shall be
— — GFRP #5 bars minimum.
U ... L L wx Minimum number of
7 . longitudinal bars shown.
H = = Indicate actual number and
M open Stirrupt open Stirrupt spacing of bars on plans.

t Include a plan note allowing
use of a single closed

1 stirrup in lieu of paired

k| apen stirrups.

DETAIL A

L 4 45 Min.
e e e —



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-430021-1.pdf
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-433550-3.pdf?sfvrsn=2406c6e3_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-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

Cost Justification (Service Life, LCC, etc.)

 LCC & LCA also can show the sustainable (economic and environmental)
advantage of composite structures in the coastal environment:

59, o
o]
— CS-RC/PC (r=0.6%) N
$3,500,000 2 : S :
C$-RCPC (=1%) 8 o N N\ \Q \ looozgtze depletion
£ > AN N N : °l,"\\
S o "S-RC/PC (r=2.6%) 3
% £8 000,000 CS-RCPC (r a 5 L. N < S 7
= N T N 0-6%D 75.0'% A
:‘._' FRP-RC/PC (r=0.6%) 3 AN \ - b iscount /
z $7,500,000 CS-RC Bridge __p{- AN #
2 +reeneer FRRC/PC (r=1%) ™ N NN\ Rate 400 % | A
2 Replacement o N N / \
= . ., g / S : p
= $7,000,000 FRP-RC/PC (r= 2.6%) —'T - N - \\ Eutrophication .~ g L N ____;\:,_,, 7 Global warming
< - \\ ™ ™ b ll y II /
N . . \ S \ S j ; , / /
$6,500,000 N > = = - i 0.0 % > v
_ N I H !/
s I
N [} - - LR SRR ERRTR L EesvEs R e RRvRRRsiacreem e e e e ., ‘l /
$6,000,000 — < = : :
) ‘ ' / //
$5,500,000 FRP-RC Bridge i) r
Replacement o A / Photochemicst
$5.000.000 Acidification : 3
5000000 . . . o “ - - w“ o 0 oxidant creation
Time (years) - FRP-RC/PC ——CS-RC/PC

Example LCC & LCA Comparison of Carbon Steel-RC/PC verses FRP-RC/PC bridge
(0.6% Effective Discount Rate), adapted from Cadenazzi et al. 2019. 19



Cost Justification (Service Life, LCC, etc.)

|NDURB * LCC & LCA also can show the sustainable (economic and environmental)
advantage of composite structures in the coastal environment:

Preventive
Maintenance

Initial
Performance

Essential Maintenance

Preventive
Maintenance

&
o
I
B Initial
LN
N

Performance

Preventive
Maintenance

Performance
Performance

100-years

Target Performance

Time

w
il T .
B

a

CS-RC/PC alternative FRP-RC/PC alternative

Graphs: Cadenazzi, T., Dotelli, G., Rossini, M., Nolan, S., and A. Nanni. (2019). Cost
and Environmental Analyses of Reinforcement Alternatives for a Concrete Bridge.
Structure and Infrastructure Engineering. 20



“Life cycle cost
analysis of structural
concrete using
seawater,

recycled concrete
aggregate, and GFRP

reinforcement”,
https://doi.orq/10.1016/|.c
onbuildmat.2018.04.183

(Baseline scenario with
discount rate = 0.7%)

Younis et al., 2018

Cost Justification (Service Life, LCC, etc.) -

Table 4
Summary of LCCA results.
Design alternative Present costs (§/m?) LCC ($/m?)
Material Construction Repair Reconstruction End-of-life
RC1 90 135 183.9 230.7 50.8 £90.4
RC2 389 135 246 - 37.3 5859
RC3 174 108 - - 54.3 336.3
RC1 = Traditional concrete mix with carbon-(black) steel rebar;
800 RC2 = Traditional concrete mix with SS rebar;
RC3 = Concrete with seawater & RCA with GFRP rebar. 1000 ——RCH1
700 900 - - -RC2
T 600 _‘_,_4—'_‘ g, (690 —-RC3
E , ; E
S 1O [T S & 100
= 500 = h
E + 600
O 400 ) I & et DL LEERTE DR S
2 2
S 300 | 2 400
3 it s e i e o i et et >
%, 200 & 300 B FECTTT s
——RCA 3
200
w00 ! Rcz
- RC3 100
0 0
0 10 20 40 S50 60 70 80 90 100 0.0% 2.0% 4.0% 6.0% 8.0% 10.0%

Fig. 5. Lile cycle cost results (considering the baseline scenario where r = 0.7% and

C = 150% of M.

Time (years)

Discount rate (%)

Fig. 6. Sensitivity of LCC results to the discount rate (while C is fixed at 1.5M).
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What do we still need?
(gaps in design and deployment)

|NDURB Connections (post-installed anchors
— ACI 318 Chapter 17/ACI 355.4 )

Halls River Bridge - Traffic Railing Retrofit:

20-0" roTmrm e om o 185'-10" Overall Bridge Length
Approach Slab 1 5 Spans @ 37'-2" {Continuous Deck with Simple Span Beams)

& ry ™ -+ u

wo= = . - s

Sogd g g & g
$Ea® = = @ <
oouw wl|| ey = L= - (=)

rafian Ryl pugighagiy mfipeg afe--

! e E ” Min. 3 E L |[——=—onw EL 640 E £ R z
i MHW EL. 0.06' H
i v ya ul : s
]

/»‘ T 1" \ Approx. Existing |I* H! ------ | \
. , H | 1 -LLI- Groundline alang -w- _.L_ JLI_ Ty he he
ile Wall -LA/ € Survey 18" S5q. CFRP Prestressed Concrete Piles (Typ.) Proposed |

%
i

0ODS Index No. D22618 Caoncrele ©

Rubble Rip Rap
Bank & Shore (Typ.)

33-2" Sheet Pile
Min. Horiz. Clr. D05 Index

ELEVATION VIEW 22




What do we still need?
(gaps in design and deploymgnt)

Connections (post-installed dowels bars —
ACl 318 Chapter 17/ACI 355.4 ))

Existing Structure

Widening

POST IN-DEPTH BRIDGE COLLAPSE

]
=
. . — Embedment Length | e
oo B || Portion of US. 1 bridg
Waterial for (Determined by Design Engineer) navn
TN " collapses in North Palm
LT .-,T-'.'-::--:" "'y""""-..-'."--'" g

si ires fail.
part of sidewalk, railing fall into canal after two post-tension wires fa

Hole Diameter per
Manufacturer's
Recommendations

B k Dowe! Bar (Size & spacing L d
determined by EQR) ; _
EXTST BRIDGE WO 930003 T ——
37 -1
WORKE Z0NE

I - 104" T

4

[CoeA[E |

f 120 I - 20 | SIDEWALK
| i

IENERIERE \

——:Q—Jﬁ:r?—rr‘— _[:_ﬁ_r:_ﬁ‘m'ﬂfi‘}%‘fﬂm 550]

TEMP. BARRIER TUBULAR MARKER

[ Lat. 26.8080459, Long.-80.055929 ] 23



https://www.google.com/maps/place/26%C2%B048'29.0"N+80%C2%B003'21.3"W/@26.8079531,-80.0559062,3a,75y,90t/data=!3m7!1e1!3m5!1sxEowlys0x_x-qSlwxWn_Aw!2e0!6s/geo0.ggpht.com/maps/photothumb/fd/v1?bpb=ChAKDnNlYXJjaC5UQUNUSUxFEiAKEgmxfiIHJ9XYiBGQFmIgZTt1vyoKDQAAAAAVAAAAABoFCHgQ6AI&gl=US!7i16384!8i8192!4m5!3m4!1s0x0:0x0!8m2!3d26.8080459!4d-80.055929

What do we still need?
(gaps in design and deployment)

N

|NDURB Connections (mechanical couplers) et S¥S. l

o ‘__‘&_‘3 “ '>“}% - :‘—""v--:l ‘\

Phase | | Phase 2

Substructure Phase [
Construction Joint Line

Bars 9A &
Bars 8H

Threaded Mechanlcal
Coupler Optlons

THREADED MECHANICAL COUPLER DETAIL N

e e L e e L e k= === | \

Substructure FPhase N

=z Constructlon Jolnt WD)
t \
Threaded Mechanlcal

Couplers (Typ.
e (See Detall)

— Bars 551

| X ELM

k Bars 8HZ

1

4

i i

T
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What do we still need?
(gaps in design and deployment)

100

Fatigue limits - refinement %

100-Years

S S RSN BN B B S S

80

70

Applied Stress, % UTS
2

204 tests » % UTS = 82.84 -5.35 log (hrs)
e 8 studies o ., A e
recommended creep-rupture stress limit (0.30f ;) can also be ap- 50 ca } R®=0.87
plied for limiting the fatigue stresses in GFRP-reinforced elements q'%f%""'---..__ !
subjected to fatigue cyclic loads owing to the similarity between the 40 ‘9@% g
fatigue and creep-rupture strengths of FRP bars (GangaRao et al. 1
oG g c |
2006; Rostasy et al. 1993). Additional studies on the fatigue behav- 30 '
ior of GFRP bars, however, are essential to support future adjust- 4 2 o 2 4 6 8 10
. Time to Failure, Log (hours)
ments of the stress limit.
DOI: 10.1061/(ASCE)CC.1943-5614.0000971.
© 2019 American Society of Civil Engineers.
From: “Creep-Rupture Limit for GFRP Bars Subjected to Sustained Loads”, (2019) 25

B.Benmokrane, V.L.Brown, K.Mohamed, A.Nanni, M.Rossini, Carol Shield (ASCE-JCC)



What do we still need?
(gaps in design and deployment)

14 A —— Crack width
L N N N T PR R Fatlgue
Importance of Elastic Modulus 12 | . Creep
: ] Minimum
Bent Bars (thermo-set/plastic) 10 e irenel
Scalability of production T PY
=5 - B1
2 - —
~ A N TR, . E
. i
0 l ; 1
6.5 1 8.5 9.5
Modulus of elasticity (E) [msi]

Figure: Parametric analysis of flexural design algorithms per
AASHTO GFRP-RC 2 edition for HRB Bent Cap

From: M.Rossini, F.Matta, S.Nolan and A.Nanni, Extended Abstract “Overview of Proposed AASHTO Design Specifications
for GFRP-RC Bridges 2nd Edition using Case-Specific Parametric Analysis” (2017)
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Project Examples — Fast Facts Sheets

INDUR\

Auvergne-Rhone-Alpes

' Tallahassee i
:on |nitiative: : o .3CkSonvme
FDOT Transportation innovation Nt . .

i I

the splash zone, to reduce future maisseance Jequiresments | 1
Removable biocks, feenfofced with VAning s Of FRP, wese ‘ : S
cast with the bulkhesd cap foc moaitonag loag-rerm Jurabibiy. S

FRP — :
oottt | : ~Des'gn Innovation .

Deseribe Tradioual Appeoach. ‘
Traditiveat approach inchades installation of
made 60 ste ek i3 castiuplace ulkxad

180 hiseay foet
= |

of preeast

Florda
o0r
. Cost of dey pale for
| ¢ . Ving pudes by LR ——
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I ’; ; 5 po. Cement unknowy
Descrbe New Approach ‘ Vg . . :
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macwmdmmm:vmn:m cap, locsod
in the splach zane.

b

b g 5
e s i .
s -

‘. Top Emovations Enployed

Project Location: ’ P . "“ I ‘

F t Levy County )\ i Utiszanon of GERE bars within the splash
as Leycont e | = »
Florida Department of Transportation Pl B Dricisy Benefits Rl Expected. ‘ S t F a Ct S :
F a Cts ' Ageocy- ' Langer serswce life of he bukhead c3p
.

Project Location:
mnovationiFRP shtm

fdot.. ov/structures’

FDOT District Thr,
Bay County -

| Glass

Project Stan Daes Substantial Completian Date:

e
. L Sl ccnle men s
Channel 302015~ 83 F . ynn Haven, Fl, quae
Glass o2 G R 24 over Number Tsee CBanse e | iber Reinforced [agy oria
g ridge No. 340003 ultact. Kisinges Campo & Associates Corp y: Flodi
Bridg biicn Pocumatic Concrele Co, Iac. PO' da Department of T;
F. ber FPID: 426169-1 b TP Construction Enginesnsg Services ‘ ymer URL:  hap. Tansportation
| . : Patrick Mulheas, PE- :
o Ci .
Project Description- Rehabilitation of three bridges 12 Kissnper Campo & Associares Com ‘ & Project Name Arthur Dry ‘
- jefT & .
Re‘ nfO r Ce d Key :w?l’hll;:tm Two Ca rb on Bridge No‘ e4‘.‘6‘:;1‘4'_-3)"“' Haven Bayou
3 - Jeif Bailey Dot stz 1 ks
project Purpose & Neet:  BEUES mgpectionRepor 4 0 prrap \ . FPID: 430463.1
0\ m er g deterioration, including eVICET TDOT Compasite Materials Specialist Fib e Project Desc:
el reinforcement in e Case Kongligol e 08 ‘ l’ fipton: Ficld testing of G
o}
‘ulkhead cap on bridge : FRP and CFRP
340003. Work activities

Reinforced
Polymer

orced concrete piles.

included removal of the pratioa FRE 3 ‘
| existing pulkhead cap and
installation of 2 €W
pulkhead cap with GFRP
reinforcement.

Project Purpose & Need:

Thre .
& e FRP»fnnforced Pprecast concrete

piles were -

4

Fast-Facts: '
cts: https://www.fdot.qov/structures/innovation/FRP.shtm#link9
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https://www.fdot.gov/structures/innovation/FRP.shtm#link9

Project Examples - Port Miami Tunnel Entrance
Walls

uvergne-Rhéne-Alpes

INDUR Watson Island, Miami — 2014 . e .'

)
maﬁA‘E‘ 1
e

/i///////y/i//F%

G | i

) o q
Emzqu- A 4
"

Wall 6 under construction & Typical Cross-section of Retaining Walls 5 and 6 Port Miami Tunnel

Fast-Facts: https://www.fdot.qov/structures/innovation/FRP.shtm#link9 28



https://www.fdot.gov/structures/innovation/FRP.shtm#link9
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-251156-3.pdf

Jallahassee .acksonvl e

FDOT Transportation Innovation Initiative:
FRP — Design Innovation

i

Elevation view of Innovation Bridge with
FRP reinforcement in the auger-cast-piles,
bent-caps, double-tee stems and flanges,
deck overlay and curbs.

Innovation Bridge

o ;
i
ﬁ'e’t‘.-/ Vawaal oo wthe AL D& e

Fast-Facts: https://www.fdot.qov/structures/innovation/FRP.shtm#link9 29



https://www.fdot.gov/structures/innovation/FRP.shtm#link9
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-innovationbridge-um.pdf

Project Examples - NE 23rd Ave/lbis Waterway

|NDURB CIP continuous flat-slab bridge: A > JeEES !aikmvme
b

BEGIN BRIDGE END BRIDGE
END BENT 1 END BENT 4
Florida .’o
o0n
. 300" 680" (OVERALL BRIDGE LENGTH) 37-0 ,
APPROACH SLAB (CONTTNUOLRS SLAB) APPROACH S5LAB
21'=-0" 26-0" . 21'-0"
SPAN 1 SPAN 2 SPAN 3 BRIDGE ALUMINUM PEDESTRIAN
DHW EL. |3 10 é‘i‘"}_‘gﬁ’;‘ﬁfﬂ BULLET RAILING POST 'C”
F ],— MHW EL. 0.3] y T
10 //_ [ V4 q\h\“‘* 10
h, i |

RUBBLE G E = E e[
5 . Aln oo 5 .

RIPRAP {T P _,:' FDOT Transportation Innovation Initiative:
0 T~ 9" PRECAST 0 TR S boorn

i LD I PANEL (TYP.) '
] ~—— —_— -
T — =T [ 2
=10 J6' -i" el ‘\ 16'-0" =10
| TN MHC MHC 8| FRP-RC/PCLEGEND
18" 50. CFRP & 55 PRESTRESSED '/ " \ o e o
CONCRETE PILE (TYP.) APPROXIMATE EXISTING CIP Flat-Slab, 5.5 ksi (1.5" cover) Fiber
GROUND LINE ALONG RIGHT it

Polymer

(INDEX 455-118) i
EDGE OF COPING CIP Caps, 5.5 ksi (3" cover)

Precast Panels, 5.5 ksi (2" cover)

PS Piles, 6 ksi (3" cover)

EAST ELEVATION

NE 23rd Ave/lbis Waterway

Fast-Facts: https://www.fdot.qgov/structures/innovation/FRP.shtm#link9 30



https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-434359-1.pdf?sfvrsn=175168c2_2
https://www.fdot.gov/structures/innovation/FRP.shtm#link9

Project Examples - SR-A1A Secant-Pile Seawall

INDURJ\ Auger-Cast Pile GFRP-RC Secant Wall By  S—

(A W . \ 3
0TI ‘=
; % " H\]_’é

Turtle Nesting

= FOOT Transportation Innovation Initiative:
FRP — Design Innovation

I
Reinforced I

Botymer Existing . Existing

roposed
RW Secant Wall ! RIW

Fast-Facts: https://www.fdot.qov/structures/innovation/FRP.shtm#link9
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https://www.fdot.gov/structures/innovation/FRP.shtm#link9
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts-440557-7.pdf?sfvrsn=73e5bc6a_2

Homosassa, FL 2017-19 (GFRP-RC & CFRP-PC)

1 H 3 Tallahassee ‘ %
ive-span vehicular bridge | Backsonville

\\\ Flagship Prmect% 'f:on‘w

A\
\‘ ‘Tampa

: K;

&i ami
FDOT Transportation Innovation Initiative:

FRP -Deslga Innovation

,,,,,,,,,
—— e . e e a R A e

é-";_?"_@— Halls River Bridge

Fast-Facts: https://www.fdot.qov/structures/innovation/FRP.shtm#link9
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https://www.fdot.gov/structures/innovation/FRP.shtm#link9
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430021-1.pdf

Project Examples - Halls River Bridge

INDURK Homosassa, FL 2017-2019 (GFRP-RC & CFRP-PC)
Five-span vehicular bridge entirely constructed using corrosion-resistant solutions
and mostly FRP reinforcement including:

* CFRP-PC bearing piles; e
* CFRP-PC/GFRP-RC sheet piles; s

* Hybrid HSCS-PC/GFRP-RC sheet piles;
* GFRP-RC bulkhead caps;

* GFRP-RC pile bent caps;

* GFRP-RC bridge deck

* GFRP-RC traffic railings

* GFRP-RC approach slabs

* GFRP-RC gravity wall.
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Project Examples - Halls River Bridge

INDURB * Halls River Bridge — demonstrating Durability thru FRP materials...

34



* Shows current MIHW (blue)
and 1.8 m projected RSL
(dashed redline) - - ------

* with possible Adaption
Strategy using 1.5 m raised
bulkhead (right-side).



Florida is the 3rd most populated U.S. state, and our population is expected to increase nearly
30% to 27 million by 2045. To plan for a resilient transportation future, we need to understand
important trends and conditions today.

» Florida is the 14th largest economy on the planet (Florida Senate President - Bill Galvano)
What Natural Hazards Impact Our Transportation System?

Nearly In 2018, Since 2000,
TIDAL FLOODING

across Florida has

in the U.S. are projected to experience | N C R EAS E D B Y3 5 2 %

more than

Florida is amongthe
TO P 1 STATES M@S T
IMPACTED B
the 1993 average WI L D F | R ES

What Types Of Extreme Weather Can Aflect The Mobility Of Floridians?

The amount of By mid-century, the Southeast Florida has been impacted by
is expected to experience up to

duringheavy rainstorms has 5 O M O R E DAYS

per year of temperatures exceeding
in the Southeast 9 O DEGREES

over the last 60 years

Approximately

during Hurricane Irma,




PHOTOGRAPHER:
CHRIS STEPONAITIS
HALLS RIVER ROAD BRIDGE,

HOMOSASSA, FLA.

Submitted by Allan Fadullon,
Astaldi Construction

Returning to work after a long weekend

FRP Design Contact: ~ Steven Nolan, P.E.
FDOT State Structures Design Office,

605 Suwannee St, Tallahassee, FL. 32399
Steven.Nolan@dot.state.fl.us

ne aelay was covered in tn

vas extended 19 days.

enr.com January 8/15, 2018 = ENR = 41
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