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Why use FRP rebar for Bridges and other Public Infrastructure

PREVIOUS PROBLEM STATEMENT (from Nanni)

* Failure mechanism for structures exposed
to aggressive environments is often
corrosion of the steel reinforcement

« Chlorides from de-icing salts or seawater
penetrate concrete and reach steel

v" Via cracks
v" Via concrete porosity

- Corrosion is accelerated by carbonation of
concrete that lowers the pH

+ Low electro-magnetic interference;
+ Lower ownership costs.

SERVICE LIFE GREATLY REDUCED BY CORROSION 3

FDOT\)

e
TRANSPORTATION




Why use FRP rebar for Bridges and other Public Infrastructure

Florida maintains more than 185 million sq.ft. of bridge area
 Florida has more than 4, 000 miles seawall bulkheads

WebTable 3. Shoreline hardening and population statistics by state (1) Courtne" C ” Causewa Seawa”‘ .
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Delaware 287 2163 13 5] 45 I 292 2208 13
DC 29 54 53 0 0 29 54 53
Florida’ 2694 11365 24 58 628 2 2752 11992 23 !
Gulf
Alabama 356

)
I’ -
]

0

1982 .

Florida’

]

Seven Milé "é(iqgg ﬂVeW,’Q’,,éjn‘d Old (F/orida' Keys)

jj Lower Keys
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Corrosion Products Surface Cracks, Corroded Bar
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Figure 1. a) Ciz)nlp011ents ‘tor 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.

Figure 1 from: Corrosion Mechanism in Reinforced Concrete

Why? ...Inevitability of Corrosion

| pOSTIN-DEPTH BRIDGE COLLAPSE

portion of U.S. 1 bridge
collapses in North Paim

| part of sidewalk railing fall into canal after two post-tension wires fail.
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Why? ...some Infrastructure Facts

Bridge Density over Time
(US Interstate System)

A
L

Infrastructure owners are seeking:
* increased service-life (50 - 75 = 100+ years...);
» reduced maintenance & repair liability; T
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+ and sustainability (sometimes!)
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Traditional construction materials cannot reliably meet all these A e

challenges without periodic intervention (corrosion mitigation & re- -~

strengthening): s e 18
« USA - total annual cost of corrosion was reported as $276 billion in 2002*,

 Bridge decks maintenance due to corrosion is around $2 billion;
 Substructure another $2 billion (FHWA, 2002) — mostly from seawater.
« China - annual cost of corrosion is also estimated at ¥2 trillion (approximately
US$290 bi”iOn) (CAS 2014)**. * FHWA/NACE 2002. “Corrosion Costs and Preventive Strategzes in the United

States” https://www.nace.org/resources/general-resources/cost-of-corrosion-study

FDOﬁ ** CAS. 2014. “Corrosion Status of China and the Control Strategy
Research,” Chinese Academy of Sciences, Beijing, China, WWw.Cas.cn 6
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Why? ...some Infrastructure Facts

Florida DOT Transportation Budget FY
2019/2020
» 49% for combined Maintenance, Repair,
Rehabilitation and Deficient Bridge
Replacement (hatched areas).

m Highway
Reconstruction,
Rehabhilitation and
Resurfacing [$2.7B]

11 T = Repairs of 85
I======L bridges/Replacement
T TN of 22 Deficient

I== 27% =‘l bridges [$1.1B]

T T T T T 11T Maintepﬂn‘:e and ]
NENENNNEEI  Operation of existing
N mEREA! facilities [$1.1B]
I I T T 11T
‘Ul ' . .
‘!l m Capacity Expansion -
,.." 102 new lane miles &
11% B bridges [$3.2B]

m Other - Rail, Transit,
Seaports, Aviation,
etc. [$1.8B]

Billions of 2017 Dollars

300 ¢
US Public Spending on Transportation and Water

Infrastructure 1959 to 2017 - State and Local Funding only
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Infrastructure Needs

“‘Reduce the life cycle
cost of infrastructure by $
50% by 2025 and foster

- Policy Actions
<

<>

. . - a"’ &
Fhe Optlmlzatl(?n Of - ?-?H",jﬁ“-. -+ New Funding Sources
infrastructure investments ‘ 4 -
for SOCI'ety” —3 Available Funding
TIME
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Why? ...some Infrastructure Facts

v f & ASCE
NERRSTR! (CTURE AVERAGE AGE

REPORT CARD OF A BRIDGE:
MAKING THE GRADE  AMERICA'S INFRASTRUCTURE GRADE ~ INFRASTRUCTURE BY STATE  INFRASTRUCTURE SOLUTIONS ~ THEIMPACT  GETINVOLVED NEWS Q 4 3

years

56 000 188 MILLION

OF THE NATION'S BRIDGES WERE
STRUCTURALLY DEFICIENT L&Jcﬁ&nﬁ&%eﬁégﬁ ykll?ﬁ‘f\é

America’s Bridges by Age Structurally Deficient Bridges

Infrastructure Needs

Age of Bridge

0-9

‘Reduce the life cycle cost
L \_\ of infrastructure by 50%
I percent by 2025 and
o \ foster the optimization of

10-19 Policy Actions
: :;: » New Funding Sources
[ Infrastructure investments
. so for SOCiety” —J Avallable Funding
Al e Il ya— =
Fboﬁ https://www.infrastructurereportcard.org/cat-item/bridges/ (2017) 8
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Why? ...some Infrastructure Facts

Hutchins Center Working Paper #54 — INFRASTRUCTURE COSTS:

“...we find that spending per mile on Interstate construction increased more than three-fold (in real terms) from the 1960s
to the 1980s [1990]

... the increased spending per mile coincides with the rise of “citizen voice” in government decision-making in the early
1970s. And rising incomes and housing prices nearly completely statistically explain the increase in costs. We also largely
rule out several common explanations for rising costs, such as increases in per-unit labor or materials prices.”

FIGURE 1. INTERSTATE CONSTRUCTION SPENDING PER MILE
INCREASES OVER TIME (2016 US DOLLARS)

50 FIGURE 4. SPENDING PER MILE AND HIGHWAY WAGE AND
MATERIALS PRICES
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Why? ...Drastic Consequences Demand Different

Solutions

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

4000

FRP materials of most 1500 Carbon fiber

interest to FDOT /

/ Aramad

fiber Basalt fiber

3000

(currently):

« Carbon FRP strands and
laminates (PAN fiber with epoxy or
vinyl-ester resin systems)

- Glass FRP reinforcing Bars (E-CR /”' ///Eg"*"’“"‘-"EI
fiber with vinyl-ester resin systems); 1000
- Basalt FRP reinforcing bars (melt 500 %

rock fiber with epoxy resin systems). Steelbar
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Early Application Bridge Examples

Early applications can be the foundation for refining true durability models.

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

- Ulenbergstrasse Bridge, Dusseldorf, Germany 1986 (GFRP-PC)

- Shinmiya Bridge, Japan 1988 (CFCC-PC)

- Beddington Trail Bridge, Calgary, Alberta 1993 (CFCC & CFRP-PC)
- Hall’s Harbor Wharf, Bay of Fundy, Nova Scotia 1999 (GFRP-RC)

* McKinleyville Bridge, West Virginia 1998 (GFRP-RC)*.

 Val-Alain Bridge, Quebec 2004 (GFRP-RC)

FDOﬁ * One of the 11 Bridges in the ACI-SDC Study of FRP-RC Bridges
(see Nanni’s presentation) 11



Avallability of Design Guidance & Tools

 Mandatory (language) Specifications
- Currently there are mostly only Guide Documents in the USA.

AASHTO LRFD Bridge
Guide for the Design and Design Guide Specifications

Censtruction of Structural for GFRP-Reinforced Concrete
Concrete Reinforced with
Fiber-Reinforced Polymer

[IFRP) Bﬂlg 2" EDITION

o) i '

'._I .

A Guide Specifications for the

<= Design of Concrete Bridge

O Beams Prestressed with

<t Carbon Fiber-Reinforced

<t Polymer (CFRP) Systems

() L = .

N = s B : 2018
FDOT < ) R y
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Avallability of Design Guidance & Tools

- Mandatory Specifications

- Currently there are mostly only Guide Documents in the USA.
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Home About FDOT ContactUs Maps & Data Offices Performance  Projects

Structures Design

Structures Design / Design Innovation

Fiber Reinforced Polymer Reinforcing

Fiber Reinforced rF’olymer (FRP)

Design - T Photo Slideshow ‘
Reinforcing Bars and Strands

Qverview

Usaqge Restrictions / Parameters
Design Criteria

Specifications

Standards

Producer Quality Control Program

Projecis

Technology Transfer (T2

Contact

Overview

The of ing and 1g steel within concrete is one of the ERP bars in a bridge deck

prime causes of failure of concrete structures. In addition to being exposed fo
weather, concrete transportation structures in Florida are also commonly located in
aggressive environments such as marine locations and inland water crossings where
the water is acidic. Cracks in concrete create paths for the agents of the aggressive
environments to reach the reinforcing and/or prestressing steel and begin the
cormosive oxidation process. An innovative approach to combat this major issue is 1o
replace traditional steel bar and strand reinforcement with Fiber Reinforced Polymer
(FRP) reinforcing bars and strands. FRP reinforcing bars and strands are made from
filaments or fibers held in a polymeric resin matrix binder. FRP reinforcing can be
made from various types of fibers such as glass (GFRP), basalt (BFRP) or carbon
(CFRPY). A surface treatment is typically provided that facilitates a bond between the
reinforcing and the concrete.

Photo courtesy of Hughes Bros

d| «| Pray [ » [}

Beneficial characteristics of FRP reinforcing include:
« Itis highly resistant to chloride ion and chemical attack
+ Its tensile strength is greater than that of steel yet it weighs only one quarter as
much

Ul.“l L J W 4§ 2vid " d 3" 2"
FLORIDA DEPARTMENT OF TRANSPORTATION

(S}

image courtesy of WSP USA

STRUCTURES MANUAL

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

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

Frequently Asked Questions
2018 Revision History
Archived Structures Manuals
Additional Links

T o

Materials Acceptance and Certification System

elect Report to View

Production Facility

Aggregate Production Facility Listing
All Producers (Excel)
Approved Aggregate Products For Friction Course

Lists all Aggregate Production Facilities

Lists all non-expired Production Facilities in an Excel file
Lists all Aggregate Friction Course Products by Geological 7
Approved Aggregate Products From Mines or Terminals Listing Lists Approved Aggregate Products for Mines or Terminals
Approved Products at Expired 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

A listing of the asphalt gradation and gravity (Gsb) data for

Asphalt Production Facility Listing

Asphalt Recycled Products

Asphalt Targeis

Cementitious Materials Production Facility Listing
Coatings Production Facility Listing

Fiber Reinforced Polymer Production Facility Listing

Lists Cementitious Materials Production Facilities
Lists all Coatings Production Facilities

Lists all Fiber Reinforced Polymer Production Facilities

FDOT)
TRANSPORTATION

https://www.fdot.gov/structures/innovation/FRP.shtm
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Avallability of Design Guidance & Tools

« Uniform Approval Processes

- 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 Dffice, 5007 N.E. 39th Avenue,| FRP-07 PULTRON (DUBAI)
Contact:  John Amonett Email: john.amonett@owenscoming.com F 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
Qﬁ #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
FDOT ! Y "9 QC Plan Status:  Quality Control Plan AGCEPTED 12/11/2017 14
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Avallability of Design Guidance & Tools

« Accessible & Reliable Design Tools

- Commercial vs. Agency/Institution based design programs

Florida Department of

FDOT\)

TRANS PO RTAT'ON E-Updates | FL511 | Site Map
| Search FDOT.. [»
Home About FDOT ContactUs Maps & Data Offices Performance Projects
Box Culvertv4.0 11/07/2018  E=Xe(Zip)

Structures Design (Mathcad 15)

GFRP-RC in development !

Structures Design

Programs Library Exe (Zip)
xe (Zip

(Mathcad 15)

Prestressed
Beam v5.2 11/07/2018

CFRP-PC Beta version **

Exe (Zip)

Bent Cap v1.0 11/07/2018 (Mathcad 15)

GFRP-RC included (3b)

Retaining Wall
vi3 11/07/2018

GFRP-RC Alpha version **

Exe (Zip)
(Mathcad 15)

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

TRANSPORTATION

Used with FDOT Standard Plan Index 400-289 (formerly Index 289)
to design concrete box culverts, wingwalls, headwalls, and cutoff walls
in accordance with the AASHTO LRFD Brnidge Design Specification.

Used with FDOT Standard Plan Index 450-010 to 450-299 (formerly
Index 20010 to 20299) to design simple span prestressed beams

(Florida-1, AASHTO, Florida Bulb-T, Florida-U, Florida Double-T, Flat
Slab, Inverted-T, FSB) in accordance with the AASHTO LRFD Bridge

Design Specification.

Analyzes and designs fixed or pinned bent caps, including lateral
loads, in accordance with the AASHTO LRFD Bridge Design
Specifications.

Used with FDOT Standard Plan Index 400-010 (formerly Index 6010)
to design and analyze cast-in-place retaining walls in accordance with
the AASHTO LRFD Bridge Design Specification.

** Available on request

15
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Cost Justification (Service Life, LCC, etc.)

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

e
TRANSPORTATION

(0.6% Effective Discount Rate), adapted from Cadenazzi et al. 2019.
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uuuuuuu ) . (n E ~ Y ", \
CS-RC/EC Sl . \\ ) Ozone depletion
_ Dl N N =AY 100.0 %
£ $8,000,000 CS-RCPC (1=2.6%) > .~ L R
z To] ) -
s o 5 _ 7k
2 §7.500,000 T ~[ > . k- 0-6% Discount &
z PBRC/DC N ™ “ \\ \\ Rate 1410_0 %
3 o N\ \, N / ’
N Eutrophication / - Global warmi
- $7,000,000 AERCEC j ™ . AN i N utrophication i ‘7__ G504 S / al warming
AN S NN | =1 I
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vvvvvvvv = AN N ' : ! /
- \ EErrrrrrrr e LI LR S LLILLL .': ,'l' //
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. _l_'_ ¥ of
55,500,000 ,’ /
----------------------- / _
Acidification /' Photochemical
$5.0 oxidant creation
s e e FRP-RC/PC —— CS-RC/PC
FDOT\ Example LCC & LCA Comparison of CSteel-RC/PC verses FRP-RC/PC bridge 16



Cost Justification (Service Life, LCC, etc.)

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

0
I
Initial Preventive (4]
Performance Maintenance eventive Essential Maintenance ?\ Initial

Lo

(] '\ m

<

: s

E o

o

—i

Target Performance ;

|

Time Sii‘l'f';

CS-RC/PC alternative FRP-RC/PC alternative
FDOT{S Charts: Cadenazzi, T., Dotelli, G., Rossini, M., Nolan, S., and A. Nanni. (2019). Cost and Environmental Analyses of 17

TRANSPORTATION Reinforcement Alternatives for a Concrete Bridge. Structure and Infrastructure Engineering.



What do we still need (refinement in design limits)?

99.7% of the data are within

AASHTO 2nd AA?ETO . LﬁfiR T
2009 2015
f” 99.73 99.73 99.73 99.73 95.0  Strength percentile /\
D 0.75 0.65 0.65 0.65 0.75  Res. Fact. concr. failure
O 0.55 0.55 0.55 0.55 0.55  Res. Fact. FRP failure ﬁ/y/
P 0.75 0.75 0.75 0.75 0.75 Res. Fact. shear failure |#-3%  w-20 w-oc w  wte  pr20 ut3e
[ Ce 0.70 0.70 0.9 0.70 1.0  Environmental reduction
Cc 0.30 0.20 0.3 0.20 0.25  Creep rupture reduction
\ C; 0.25 0.20 0.3 0.20 0.25  Fatigue reduction )
C, 0.83 0.70 0.70t0 0.83 0.70 1.0  Bond reduction
W 0.70 0.50 0.70 0.7t0 0.5 0.50 Crack width limit [mm]
Ce stirrup 40 40 50 50 40  Clear cover [mm]
C 25 20 to 50 20to 50 20 to 50 40 Clear cover [mm]

& shear 0.004 0.004 0.004 0.004 0.005  Strain limit in shear reinf.

FDCﬁ‘% To be finalized

TRANCPORTATION (1 ACI 440.5-08 Table 3.1 18



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

. .
« Connections (post-installed, couplers
7
([ J
([ J
[ J
([ J
20-0" , e T T 185'-10" Overall Bridge Length
Approach Slab 1 5 Spans @ 37'-2" {Continuous Deck with Simple Span Beams)
= ry ™ =t
= 9 ] 2 =
$oa® g g T
S0 ® m =1 o
@wouw w|| gy = = i

il

If-?E---------------..-__--__'-c
/— MHW EL,

.08

ill | |
) 5 _lﬁl / 1
y G 1
ile Wail
Rubble Rip Rap
Bank & Shore (Typ.)

Jll Groundiine alang
§ Survey

33-2"

B
1" \A.ﬂarax. Existing |I*

Min. Moriz. Clr.

I
I
———

18" Sq. CFAP Prestressed Concrete Piles (Typ.d

DDs Index No. D22618

ELEVATION VIEW

Proposed
Concrele C
Sheet Pile
DO5 Index

1700+ Holes

FDOT)

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

- Connections (post-installed - dowels)

Existing Structure Widening
° | ~=
. , — Embedment Length
Adhesive Bonding / o , . i
Material for (Determined by Design Engineer)

[ ) I Structural Applications \
sa gLt ,?:-_,.‘_ m o e ."_.-_.‘_-n-- S B B,
SR gt 5 . .
1

Hole Diameter per k]
Manufacturer's h
Recommendations

k Dowel Bar (5izre & spacing
determined by EOR)
ag -2

EXIST. BRIDGE NO. 930003

|
Fra T /"1\ I
I

WORK ZONE | \
x| 2,z
1 1

1y
)

AL T

1 [EroFwack

o “

| rzi—— ISRIE ——rr —r i ﬁ‘ﬂwjﬁ%ﬂo%&o 5o

SAWCYT

@;Lam,j%m

TEMP. BARRIER TUBULAR MARKER

-

FDOT\) [ Lat. 26.8080459, Long.-80. 055929] 20



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)?

« Connections (mechanical couplers) Akt “Weea |

] Phase | Phase 2

@ ] Substructure Phase

‘V Construction Joint Line

. Threaded Mechanlical

Bars 9A &
Coupler Optlons Bars 8H
° (
\‘\
\
1 THREADED MECHANICAL COUPLER DETAIL \\\
I —\

- A Substructure Phase W
—1 Constructlon Jolnt \
|3
15

11717 1117 Threaded Mechanlcal
: : : ; Couplers (Typ.)

1 1 1 : o —— {See Defall)

5 | Ssss Bars 55/

| |

1 ! ¢ P! il :
i | I.A— | LBG"S BHzm Rl NG ,: - 2 | e

\ ; |
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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)?

100

Fatigue limits - refinement

100-Years

S NN SN SN BN SN S . .

80

70

= UTS = 82.84 -5.35 log (hrs)

Applied Stress, % UTS
S

o I R?=087
.. By 1
recommended creep-rupture stress limit (0.30f ;) can also be ap- q’fw% “~, |
plied for limiting the fatigue stresses in GFRP-reinforced elements 40 é%‘:utg;t: ‘f'*‘f%""'--{_“
subjected to fatigue cyclic loads owing to the similarity between the v
fatigue and creep-rupture strengths of FRP bars (GangaRao et al. 30 :
2006; Rostasy et al. 1993). Additional studies on the fatigue behav- 4 2 o 2 4 6 8 10
5 - . Time to Failure, Log (hours)
ior of GFRP bars, however, are essential to support future adjust-
ments of the stress limit. DOI: 10.1061/(ASCE)CC.1943-5614.0000971.
© 2019 American Society of Civil Engineers.
FDOﬁ From: “Creep-Rupture Limit for GFRP Bars Subjected to Sustained Loads”, (2019)

ﬁANSPORTATION B.Benmokrane, V.L.Brown, K.Mohamed, A.Nanni, M.Rossini, Carol Shield (ASCE-JCC) 22



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

¢ 14i 7 ~  Crack width
e N T T Fati
- Importance of Elastic Modulus 12 1 e Cicen
- Bent Bars (thermo-set/plastic) 10 - et
Scalability of production T PY
5 4 3!
V4 Jrren s ——
. R
0 . ; ]
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

Fﬁ From: M.Rossini, F.Matta, S.Nolan and A.Nanni, Extended Abstract “Overview of Proposed AASHTO Design 23
TRANSPORTATION Specifications for GFRP-RC Bridges 2nd Edition using Case-Specific Parametric Analysis” (2017)



FDOT Transportation In

FRP — Design

FDOT District Two
Levy County
Cedar Key. Florida

Facts: A

fdot.. ovv‘smlcmxes“mn

Glass

Fiber
Reinforced
polymer

Project Name:

FPID: 426169-1

Project Description-

Key

Project Purpose

Florida Department of Transportation

ovation/FRP shtm

SR 24 over Number Three Channel
Bridge No. 340003

Rehabilitation of three bridges in Cedar

Need:  Bridge Taspection Reports!
- deterioration, including ev:dc\_lce of

inctuded removal of the

| existing pulkhead cap and
installation of anew
pulkhead cap With GFRP
seinforcement.

Project Examples — Fast Facts

$741.630.00 (Construction Contract)

the splash zone, to reduce future maintenance requirements.
‘Removable blocks, reinforced with varying types of FRP, were
cast with the bulkhead cap for monitoring long-term: durability.
Describe Traditional Approach:

Traditional approach includes installation of
erade 60 steel rebar ina cast-in-place bulkhead
cap

Describe New Approach:

Utilization of GFRP bars in lieu of traditional
arade 60 steelrebar i the bulkhead cap, located
in the splash zone.

Top Innovations Employed:

Utilization of GFRP bars within the splash
zone/marine environment.

Primary Benefits Realized/Expected
Longer service life of the bulkhead cap.

Project Start Date/Substantial Completion Date:
11/30/2015 - 8/3/2016
Kisinger Campo & Associates Corp
‘Pneumatic Concrete Co, Inc.
ncering laspection:  JEA Construction Engineering Services
. 1ﬁbd ' Patrick Mulhearn, PE.
orts ident Kisinger Campo & Associates Corp-

nager Jeff Bailey

Or1O! eel reinforc FDOT District Two
o2 ded s‘wnghead cap on ‘bridge Jeff Bailey@dot state flus
| 340003. Work activities  fals Office: Chase C.Kaight, PhD.

FDOT Composite Materials Specialist
Chase Knight(@dot state flus

GFRP reinforcement is used in the bulkhead cap. which is within

FDOT
TRANSPORTATION

;T;llah'assee

FDOTT i
ransportation Innovation Initiatj .
i

CRE — Design Innov

Fast Facts:

Glass

Fiber Reinforced

Polym
&

Carbon
Fiber

Reinforced

Project Purpose & Need:

ation
o/

180 linear oer
of >

Cost of driving. m’:: '\l;;w pile f;

cons

“

reinfe
2 forcement unknown
(P
e
i" IL. .

120 cFc sm
RANDS
;%ﬂbrm

ineh pich

Project Location:

FDOT Distri

trict Three

Bay County deiven at a projecy

L of fal g TIct sitcto 1B
ynn Haven, Florida square FRp

Flosi
lorida Department of Transportation

Project Name:

Arthur Drive ov

: er L =

Bridge No.- 464143ym Haven Bayou
FPID: 430463-1

Project D )
escription: Field testing of G] o~ . reinforced with GRp e

reinforced concrete piles.

letion Date
FRPPile Driving. 327y

Three - 0,
FRP 17— 3/
iz : einforced precast concrete 312017

L piles were fz
al'lld driven to test performance. On <
:;: :Jvas Prestressed with CPRP- ten;o

0 piles were non-prestressed wi:’

{0

.aiksonvllle

Florida ‘0
50n

J

Fast-Facts: ;
acts: https://www.fdot.gov/structures/innovation/FRP.shtm#link9

24



https://www.fdot.gov/structures/innovation/FRP.shtm#link9

Project Examples - Halls River Bridge

GEORGIA

=~D0OI"s Fiber-Reinforced Polymer Deployment Train

Composite .
External FRP Fender . le . .
£ Laminate Repairs Systems SRS CERESRC girr'g gri ElRHEke Tallapassee Jacksonville

.
Gainesville

1990°’s  2000s 2015 2016 2016, 2020 B FLAGsHIP
— s | PROJECT

FLORIDA

= =" e s - —_—————— lami
T pe——— v % S ¥ - .
A .
o N e e —
A + | s o2 o w3
L AN i THE BAHAMAS

— R x e .
R \"pression areh HRB'Hybrid Composite Beams. (2017)
- >’ 4
1 S . TOUN W -

Tension Reinforcement
- Galvanized P/S Strand

L Y or { R 4
COMPLETED STRUCTURE IS | ,, A Ve - Fiberglass Cloth

FRP Shell

TRANSPORTATION 25



Project Examples - Halls River Bridge

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;
. Hybrid HSCS-PC/GFRP-RC sheet piles: £ & \\
 GFRP-RC bulkhead caps; 7N LKA
3.

HRBIGERPIRG Bent Y
R (20)17)

* GFRP-RC pile bent caps;
 GFRP-RC bridge deck

« GFRP-RC traffic railings
 GFRP-RC approach slabs
« GFRP-RC gravity wall.

| ASTALDI

FDOT\)

TRANSPORTATION 26



Project Examples - Halls River Bridge

\:}{:\; GEORGIA
Homosassa, FL 2017-19 (GFRP-RC & CFRP-PC) | %@ .

Ilve-span vehicular bridge i i JacksGnial8
* -
\ , o FLORIDA

TrfrT a3 mlﬁ?"i%'is‘i.:!?f;‘“’ THE BAHAMAS
Halls River Bridge
FDOﬁ Fast-Facts: https://www.fdot.qov/structures/innovation/FRP.shtm#link9 27
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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 - Port Miami Tunnel Entrance Walls

GEORGIA

Watson Island, Miami — 2014

Tallahassee 3 :
Jacksonville

FLORIDA

Nassau
THE BAHAMAS

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

Port Miami Tunnel

FDOﬁ Fast-Facts: https://www.fdot.gov/structures/innovation/FRP.shtm#link9 28
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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-251156-3.pdf

Project Examples - Innovation Pedestrian Bridge

GEORGIA

Tallahassee S
Jacksonville

FLORIDA

FDOT Transportation Innovation Initiative:
FRP — Design Innovation

hi A

Fast
Facts:

Elevation view of Innovation Bridge with

BFRP reinforcement in the auger-cast- —
piles, bent-caps, double-tee stems and

flanges, deck overlay and curbs.
Innovation Bridge

FDOSN Fast-Facts: https://www.fdot.gov/structures/innovation/FRP.shtm#link9 29
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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-innovationbridge-um.pdf

Project Examples - NE 23rd Ave/lbis Waterway

GEORGIA

CIP continuous flat-slab bridge:

Mobile .
Tallahassee

Jacksonville

BEGIN BRIDGE END BRIDGE
END BENT 1 END BENT 4
30-0" 68'-0" (OVERALL BRIDGE LENGTH) 30-0
APPRDACH SLAR (CONTTNUOUS SLAB) APPROACH SLAR
210 260" , 210"
sPAN 1 SPAN 2 SPAN 3 — BRIL
7 LOW MEMBER BULL FLORIDA
DHW EL. 8.10 £l 7311
/_ — MHW EL. 0.31 y s
10 ,’"/F f ]Ir / —-.\‘_\H"I
‘J_ P |
5 RUBBLE |E PG G Flal =
RIPRAP (TYE.) %
o Ll T 9" prECAST .
- - S - w il PANEL (TYP.) i iaciie Nassa
- 5 - - = FDOT Transportation Innovation Initiative: THE BAHAMAS
A ——— == =TT ? FRP — Design Innovation
: MHC N ' MAHC nd MHC b bl by FRP-RC/PCLEGEND y
18" 50. CFRP & 55 PRESTRESSED ) V.
APPROXIMATE EXISTING CIP Flat-Slab, 5.5 ksi (1.5" cover) Fast

CONCRETE PILE (TYP.)

L

{INDEX 455-118)

EAST ELEVATION

GROUND LINE ALONG RIGHT
EDGE OF COPING

CIP Caps, 5.5 ksi (3" cover)
Precast Panels, 5.5 ksi (2" cover)

PS Piles, 6 ksi (3" cover)

Facts:
Glass
Fiber
Reinforced
Polymer

NE 23rd Ave/lbis Waterway

FDOT)

TRANSPORTATION

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

GEORGIA

Auger-Cast Pile GFRP-RC Secant Wall

Mobile

Tallahassee &
Jackson ' le

Gainesville

* Orlandg

FLORIDA

. Nassau
BAHAMAS

Secant Wall ) 7?}1 ﬁﬁ 3“4‘!”“

FDOT\) Fast-Facts: https://www.fdot.gov/structures/innovation/FRP.shtm#link9 31
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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

Questions ?

FDOT FRP Design Contact: FDOT Materials and Manufacturer Approvals
Steven Nolan, P.E. Chase Knight, Ph.D, P.E.
State Structures Design Office, State Materials Office,
Tallahassee, FL. Gainesville, FL.
Steven.Nolan@dot.state.fl.us Chase.Knight@dot.state.fl.us

FDOT\)
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