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ABSTRACT

Florida Department of Transportation (FDOT) recently embarked on a series of innovations under their
Invitation for Innovation initiative, one of which focused on Fiber Reinforced Polymer (FRP) deployment
for structural applications. The goal was to improve durability, encourage innovation and investment in
the FRP transportation infrastructure market to ultimately reduce life-cycle costs and improve
performance.

This presentation describes FDOT's flagship FRP-reinforced concrete demonstration project (Halls River
Bridge Replacement) and many of the necessary components for successful scalable deployment for
transportation agencies. One of the primary benefits of FRP composites identified by the FDOT was
improved durability with the expectation for longer service life and lower maintenance liability. The further
benefit of FRP-concrete reinforcement and prestressing, is the advantage of maintaining tradition
procurement, construction practices, equipment and personnel, to assist stakeholders in expediting the
successful implementation and wider deployment of the innovation. Stakeholders in this demonstration
project include the owners, designers, inspectors, FRP manufacturers and fabricators, precast concrete
producers and construction contractors.

Monitoring and documentation of this demonstration project was undertaken by

, and also as part of the field demonstration portion (WP4) of the Infravation-SEACON
project coordinated by the . In addition to the bridge and
seawall components, 400 feet of removable test beams with four different types of FRP reinforcing
(carbon strand, carbon bar, glass bar and basalt bar) are located in the splash-zone of this marine
environment and will be periodically removed for destructive testing to verify the degradation models that
are assumed for FRP-reinforced concrete design under ACI 440.1R, and possibly refinement for future
AASHTO design specifications.


https://www.eng.famu.fsu.edu/
http://www.coe.miami.edu/
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Part 1:

Topic #1 - Owner Perspective

Topic #2 - Designer Perspective

Felix Padilla — FDOT, State Structures Design Office




Owner Perspective (topic #1)

a) Project Overview:
 Bridge elements
« Seawall elements

b) Corrosion Free Transportation Infrastructure:

* Why, How, & When (peace of mind, reduced liability, standardization,
US infrastructure D rating)

C) Summary:.
 Why, How, & When (Experimental project, accelerated construction)



Project Overview
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Project Overview

Designer: FDOT District 7 Structures Design Office
Bridge EOR: Mamunur Siddiqui, P.E.

Bulkhead/Seawall EOR: Richard Hunter, P.E. (ACE)
FDOT Developmental Standards EOR: Steven Nolan, P.E.

FDOT|

Design & Bi-Annual

Owner & .
Maintaining Inspection
Agency
U.5. Department of .Irorxsp:norx)rl
" Federal Highway
A @ Administration
Collaboration Funding & Oversight

Research



Project Overview
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Bridge Elements
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Seawall

Elements

Sta. 11047230
7 2F U

o
L
°
2

L |
o
¢ o
¥
\ /
122 x 300
Sheet Pile

7% 1-0" 7%

Sta. 1134

=ta. 1144 SECTION A-A
47,27 L T T -

Sta, 112457 86 { I Existing 55 .|'I-"'5|'l'--CI &
m N Ta Remain) _-\\ e Remai

wisting BT —/i

Sia. 11244166

Stz 11042316

" R

CFRP/GFRP

b= -

) (Ta Be Relocated) 12 114

I I’ 1 1 1 |
i 11 ]

W &ET2VIEE oire

. . )

=== |
Sta. 11 GE000 Sta. J]0+88.60 Sta ] ]3+4].66 {Ta
3160 Ar J180 Ar .
FidS 93 Sta, 115453, 33 7 Ex

A4 56" Kb
J14+02 68,
Sia 133+092.07 -
4456 Al

SHEET FILE WALL LAYOUT

GFRP

CFCC/
CFRP

Test
Block




Corrosion-Free Structure




Summary

Experimental Project with Innovative Materials — First Complete

Vehicular Bridge in Florida:

= Superstructure: Hybrid Composite Beams; GFRP Bars: Deck,
Barriers & Approach Slabs

= Substructure: CFRP Pre-stressed Piles; Bent Caps: GFRP Bars
= Sheet Pile Walls: CFRP Sheet Piles; Wall Cap: GFRP Bars

Contractor Bid Cost - $6.1 Million (Structures = $3.7 Million)
= Bridge Cost = $221 / sq. ft.
(Conventional Construction Estimate = $166 / sq. ft.)

Accelerated Construction
= Lighter Materials — Beams and Rebar
» Faster Transportation and Delivery — reduced construction time



Designer Perspective (topic #2)

a) Reinforced Concrete Design:

* Why, How, & When (potentially more efficient with no sacrificial
(unreliable) section loss)

b) References, Codes and Specifications:

* Why, How, & When (Standardization, less risk for construction
claims, need strive for national consensus)

c) Challenges:
 Why, How, & When (Steep learning curve, need design tools)



Reinforced Concrete Design

Glass Fiber-Reinforced Polymer Rebar:

. General
a. Modulus of elasticity: E; = 6,500 ksi << Steel (E, = 29,000 ksi)
b. Resistance factors: oa
» Flexure and Tension: ¢; = 0.55 to 0.65 ]

<< Steel (¢; = 0.90) °*

Failure . .
by GFRP Concretr? Crushing

» Shear and Torsion: ¢, = 0.75 = Steel-RC Ruptue

Il. Principles
a. Equilibrium, Compatibility of Strains, Stress-Strain characteristics.
b. Crack width, Bond factor, Minimum reinforcement.



Reinforced Concrete Design

Glass Fiber-Reinforced Polymer Rebar (cont.):

1. Faillure Mode
a. Non-Ductile Failure.

6" 12-8A1 (8A2) Bars 6"
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References, Codes and Specifications

Reinforced
Concrete with
o2 FRP Bars

Mechanics and Design

Antonio Nanni
Antonio De Luca
Hany Jawaheri Zadeh

REINFORGED
CONCGRETE DESIGN
WITH
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'_";:"%'fs. -
B e 2 .. o
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Hota V. S. GangaRao
Narendra Taly

P.V.Vijay
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Hybrid-Composite Beam (HCB")
Design and Maintenance Manual

RTE 205 RIDGERD))

Over Tide Mill Smeam, Westmoreland Co.
State Project No.: 0205-096-101, B601
Federal Aid Project No.: BR-096-6(015)
NBIS No. 27818

Preparad for
The Virginia Department of Transportation

John R Hillman, PE, SE
HCB, Inc.




References, Codes and Specifications

Guide for the Design and
Construction of Structural
Concrete Reinforced with
Fiber-Reinforced Polymer
(FRP) Bars

Reported by ACl Committee 440

ACI 440.1R-15
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References, Codes and Sp

FLORIDA DEPARTMENT O%TK-\.\'SPORTATIO.\'

STRUCTURES

| DIVISION

FIBER REINFORCED POLYMER
GUIDELINES (FRPG)

FDOT STRUCTURES MANUAL
VOLUME 4
JANUARY 2017

FDOT

ecifications

FIBER REINFORCED POLYMER BAR BENDING DETAILS

FRP Bar Bending Details

Specifications and Estimates/Specifications/ D20 mitted Projects FPID No)
ifcation  |430021-1 reve | IDDS-D21310 - -
= = Certification
432194-1-52-01
Materials Manual Section 12.1, Volume Il Statoment (1321941
FRP REINFORCED TRAFFIC RAILINGS RAILING §
D22420 Traffic Railing (32" F Shape - GFRP
Reinforced) Steve
Certification  |Permitted Projects FPID No(s): Nolan | IDD3-D22420 - -
Statement 4300211
FIBER REINFORCED POLYMER COMPOSITES FRP REINFORCED PILES
[Precast Concrete CFRPIGFRP Sheet CEL-
. Pile Wall D22440-
Section 12.1, Volume |l CSPSA
D22440 Permitted Projects FPID Nois): CEL-
430021-1-52-01 Steve
Certification  [432104-1 Nolan | 'DDS-D22440 %252;32‘
Statement 4358151
CEL-
D22440-
CSPC
D22600 Notes and Details For Square CFRP
Presti d Concrete Piles
Certification  |Permitted Projects FPID Nois)
Statement 430021-1-52-01
D22601 Square CFRP Prestressed Concrete
Pile Splices
Certification -
Permitted Projects FPID Mois):
Statement 1430021 1-52-01
cee
D22614 14" Square CFRP Prestressed
Concrete Pile
. Certification eve | 1DDS-D22600 | CEL-20600
FY 2017-18 Design Standards sitement. ariited Progds FPID NS
Effective for Projects with Lettings in the Fiscal Year (FY) from D22618 18" Square CFRP Prestressed
Concrete Pile
July 1, 2017 through June 30, 2018 Certification
) Stat " Permitted Projects FPID Nois):
State of Fiorda D of 430021-1-52-01
Office of Design
Mail Station 32 D22624 24" Square CFRP Prestressed
For G and op 50551 Steet Concrete Pile
on the State Highway System uwannee Stree Certification
Topic No. 625-010-003 Tallahassee, Fiorida 32399-0450 Statement Permitted Proiects FPID NO(S)I
FRP REINFORCED APPROACH SLABS
D22900 Approach Slab - GFRP Reinforced
(Flexible Pavement Approach) Steve
S IDDS-D22900 | CEL-D22900 -
Certification  |Permitted Projects FPID Nois): Nolan

Statement

430021-1




A. HCB

1
V.

V.

Challenges

Proprietary product

Design Criteria

nspection for closed system
Durabllity verification
Fabrication QA/QC

B. GFRP Reinforced Concrete

_ap Splice: deck, cap, and diaphragm
Rebar unit price

Reinforcing Bar List (bent bars, length vs. weight)

REINFORCING
BAR LAPS

SIZE

LENGTH

4

I'-10"

II_IOIF

2-3"

5
6
8

2-6"




Part 2:

Topic #3 - Construction Oversight Perspective/CEl

Topic #4 - Researcher Perspective

Michelle Gartman — FAMU-FSU, College of Engineering



Construction Oversight Perspective (Topic #3)

a) Corrosion-free transportation infrastructure:

* less concern during construction for protection from chloride
contamination
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b) Longer Service Life:










c) Simple and Scalable Implementation:
« minimal learning curve for oversight of “Means and Method”
 use similar material verification processes
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Researcher Perspective (topic #4)

a) Corrosion-free transportation infrastructure:
 research on this is very mature

REINFORGED
CONCRETE DESIGN
WITH
FRP COMPOSITES

Hybrid-Compozite Beam (HCB")

R e i n fo rC .e d Dezsign and Maintenance Manual
Concrete with
o FRP Bars

Mechanics and Design

i T

Hota V. S. GangaRao
Narendra Taly
P.V.Vijay

C ey CRC Prass

Preparad for
The Virginia Deparnment of Transpomation

Job= R Hillman, PE. SE
HCB. Inc




Completion

Date Title Researcher

Research

Performance Evaluation of GFRP Reinforcing
5/31/2018 Bars Embedded in Concrete Under R. Kampmann
Aggressive Environments

Degradation Mechanisms and Service Life

3/31/2018 Estimation of FRP Concrete Reinforcements

A. El Safty

FDOT Developmental Standards:
—  Pultruded FRP Bar Bending Details (Index D21310)
- 18" CFRP Prestressed Piles (Index D22618)
—  CFRP Prestressed Piles Splices (Index D22601)
— CFRP/GFRP Sheet Piles Walls (Index D22440)
- Traffic Railing - GFRP Reinforced (Index D22420)

-  Approach Slab - GFRP Reinforced (Index D22900)

Institution
No.
FSU BDV30D977-18
UNF BDV34 977-05 F/—D/-——-o‘r 5
| Design Standards
SQUARE AND ROUND CONCRETE
PILES (Corrosion Resistant)
29600 Notes and Details For Square CFRP & 55
Prestressed Concrete Piles
29601 Square CFRP & S5 Prestressed Concrete Pile
Splices
29612 |13 ﬁESquare CFRP & 55 Prestressed Concrete
29614 Errata 1P zilI;Square CFRP & 55 Prestressed Concrete
29618 Errata I13' ﬁ;Square CFRP & 55 Prestressed Concrete
29624 %-?I;Square CFRP & 55 Prestressed Concrete
29630 Errata g?I;Square CFRP & 55 Prestressed Concrete
WALL SYSTEMS (Corrosion
Resistant)
29440 Precast Concrete CFRP/GFRP &

HSSS/GFRP Sheet Pile Wall




b) Longer Service Life:
* needs further refinement and supporting studies
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c) Simple and Scalable Implementation:

e try to align design requirements for innovative materials with
traditional materials

Guide for the Design and
Construction of Structural
Concrete Reinforced with
Fiber-Reinforced Polymer
(FRP) Bars

SIRECTERES | AIVINION
! o 'v‘ﬁ\"

|

A=y

FIBER REINFORCED POLYMER
GUIDELINES (FRPG)

FDOTSTRUCTURES MANUAL

FDOT)

"a.:sﬁ Amwe e Corene bnatuse
S



Part 3:

Topic #5 - Contractor Perspective # ASTALDI

Thomas Cadenazzi — University of Miami, College of Engineering




Contractor Perspective (topic #5)

a) Corrosion-free transportation infrastructure:

* Why, How, & When (Opportunity for “Added Value” by providing
enhance durability under design-build procurement)

b) Longer Service Life:
 Why, How, & When (Cost/Efficiency, Cost/Service Life Approach)

c) Simple and Scalable Implementation:

 Why, How, & When (Less risk for “Means and Methods”, need a
reliable supply chain to minimize risk of delays, time = money)



Corrosion-free transportation infrastructure

GFRP vs Carbon-Steel (Black)
Advantages:
Reduced concrete cover requirements
Labor savings during Installation
Concrete properties less stringent
Weighs only one quarter as steel
Tensile strength greater than that of steel
Highly resistant to corrosion
It is transparent to magnetic fields and radar frequencies

vV V V V VYV VYV VYV V

GFRP has low electrical and thermal conductivity

Disadvantages:

» Higher initial costs of materials



Corrosion-free transportation infrastructure

Construction challenges correlated in general with GFRPs

» Splicing of FRP bars complicated and time consuming

» NO FLAME — no heat sources allowed near FRP bars - LIMIT UV EXPOSURE
» Fragility of rebar

» Trained labor

» Specialized lifting plans required for prefabricated cages.




Longer Service Life

Cost/Efficiency approach

Strength/Ultimate Limit State (ULS) using the current resistance factors,
and then a Service Limit State (SLS) comparison

#4 (0.5 in) 20 Ksi #4 (0.5 in) 20 Ksi
#5 (0.625 in) 19.6 ksi #5 (0.625 in) 20 ksi
#6 (0.750 in) 20.4 ksi #6 (0.750 in) 20 ksi

#8 (1 in) 17.2 ksi #8 (1 in) 20 ksi

Per ACI 440 guideline, design strength of GFRP bar at fatigue limit: fz,, = 0.2 - Cg - f,, where Cg is environmental
reduction factor and 0.2 is a stress limit imposed for permanent loads. fservice uitimate = fratigue

For steel (normalized equation from AASHTO): fr,: = 24 — 20 - (f}"—ym), with frnin = 0.2 f;,



Longer Service Life

Cost/Efficiency approach

Cost expressed in terms of efficiency: $/K of the service limit state

#4(0.5in) | 1.00 $/LF | 1.00 $/LF/K #4 (0.5 in) 0.51 $/LF
#5(0.625in) | 1.10$/LF | 1.12 $ILF/K | #5 (0.625 in) 0.79 $/LF
#6 (0.750in) | 1.40 $/LF | 1.37 $ILF/K | #6 (0.750 in) 1.14 $/LF

#8 (1 in) 1.70 $/LF | 1.98 $/ILF/K #8 (1 in) 2.03 $/LF

(*) unit price based on FDOT average prices



Longer Service Life

Cost/Service life (SL) approach

Cost expressed in terms of service life: $/K/X of the service limit state;
Approximation initial cost rationing AASHTO codes;

Codes and standards as design basis: Assumed life for steel reinforced bridge is typically
75-years. Engineers and researchers expect Halls River Bridge to last 125 years.

75/125= 0.6 #4 (0.5 in) 0.6 $/LF/K/X #4 (0.5 in) 0.51 $/LF
75/125= 0.6 #5 (0.625 in) 0.67 $/LF/K/X #5 (0.625 in) 0.79 $/LF
75/125= 0.6 #6 (0.750 in) 0.82 $/LF/K/X #6 (0.750 in) 1.14 $/LF
75/125= 0.6 #8 (1 in) 1.19 $/ILF/K/X #8 (1 in) 2.03 $/LF

(*) unit price based on FDOT average prices

Quantify the ecological impact of FRP products that results in further savings (LCA/LCC analysis)



Longer Service Life

Lightweight

#4 (0.5 in) 0.189 #4 (0.5 in) 0.668 0.28
#5 (0.625 in) 0.287 #5 (0.625 in) 1.043 0.28
#6 (0.750 in) 0.408 #6 (0.750 in) 1.502 0.27

#8 (1 in) 0.730 #8 (1 in) 2.670 0.27

Additional cost savings: the material allows less haul costs, given its significant lightweight



Means and Methods

Construction challenges correlated in general with GFRPs

Procurement & Lead Time

Procurement must consider lead time for manufacturing and
shipping

Procurement of additional quantities of FRP bars to ensure
Immediate replacements in case of damages on site

QA/QC - additional verifications at manufacturing plant needed
prior to shipment to mitigate risk of delays due to non
compliances




Means and Methods

Material supplier - ATP
Deck / Bulkhead caps / Bent caps/ Approach slabs/ Gravity Wall/ Traffic

railings /Test blocks GFRP bars from ATP

Tz FROM NAPLES (ITALY) , | s G

TO PORT Ireland S NSecldnds ] “petand Belarus
EVERGLADES ,,:?f —de ©

 TO HOMOSASSA




Means and Methods

Material supplier - ATP
* Deck / Bulkhead caps / Bent caps/ Approach slabs/ Gravity Wall/ Traffic
railings / Test blocks GFRP bars from ATP

EXTRA MATERIAL ORDERED: 8% SPARES

Bending / welding / threading /
meshing of bars on-site still not
feasible




Means and Methods

Material supplier - ATP
Deck / Bulkhead caps / Bent caps/ Approach slabs/ Gravity Wall/ Traffic
railings / Test blocks GFRP bars from ATP

TEST BARS OUT OF EACH LOT (EACH SHIPMENT)



Means and Methods

Material supplier - ATP
« Tests performed at UM, in accordance with ASTM Standard Test Method

Table 5-2
Testing requirements for Product Acceptance of Prestressing CFRP Strand for a Project

Numb Number] Minimum
Property Test Method Requirement Umber of Sample
of Tests .
Samples Length (in.)
= 95% of fot: —
Degree of cure ASTM E2160 |12 95% of total polymerization
enthalpy
) ) ASTM D2584 . S o 5 7 10
Fiber content or ASTM D3171 Weight fraction > 70%
Moisture absorption| ASTM D370 |<0.25% in 24 hours at 122°F
Measured Cross 95% to 110% of nominal area
Sectional Area (Table 1-1) 30 + 40
Ultimate Tensile ASTM D7205 >nominal ultimate load 5 7 times the
Load (Table 1-1) nominal
Tensile M'oc'zlulus of >18.000 ksi diameter
Elasticity




Means and Methods

Material supplier - GATE PRECAST ( Jacksonville, FL)

» Concrete sheet piles 12"X30” with CFRP strands from Japan and GFRP
bars from Canada

REINFORCING BARS:
Glass Fiber Reinforced Polymer (GFRP) bars meeting the requirements of Developmental
Specification 932.

PRESTRESSING STRAND
Carbon Fiber Reinforced Polymer (CFRP) strand meeting the requirements of

Developmental Specification 933. L -
11" (in.) 10
(Typ.) ﬁ - (in.) 3%
Z(in.) 3
( )
T s s e
7 C_____ | [ __________C 1
2 i Pick
Jt; | / Strand(s
|~ L I
SEa F
\‘ S S — B —— -
C—J \— 2 ~ Bars A B——l
5 6 sp. @ 4" p 0" imum sp. @ 3" Spacing for

sssss

STARTER PILE



Means and Methods

Material supplier - GATE PRECAST ( Jacksonville, FL)

» Concrete sheet piles 12"X30” with CFRP strands from Japan and GFRP
bars from Canada




Means and Methods

Material supplier - GATE PRECAST ( Jacksonville, FL)

« Concrete sheet piles 12"°x30" with CFRP strands from Japan (soon available from
Michigan) — encourage locally sourced FRP strands for the future.

A AR TY TN \
ATy e N et 2 5
P! R FROM TQKYO ROPE (JAPAN)
~ ‘\.«/\ -9 >
[ J ) Mongolia — / MT o o v\\ ﬂus o
o —_— —~ v sD wi T MENNs
) RO i TO JACKSONVILLE e Y
/\J NS 3 IL OH PA
g Sea of Jag NV ;  United States A o
o MO KY wv.
' CA VA
2 China South Korea OJapan |
! : AZ  NM
! North . AL
> Fast China Sea : Pacific FEIR ﬁ') ‘
Npl ~7 : Ocean
. ”\ / : ( , of | iy
i 4 | Mexico
a \ Myanmard X ; :
(Burma) ippin : H
Thalland : Gupterhala
Bey of Bengal \ \ Vietnam Philippines | N'“""“’
|
I d ! f
~ I -
v | i
Malaysia W | L \
Y \ ~ !F : —i \\
************************* R P o et 0 i e e e T 4 e e 4 7 Y B o e B e e Y 7 S e e e e e e o e e 9
indonesia LIS (R SCEREEEEPEEEE R e e \ Ecuad
\ V4 T
Banda Sea Papua New . StiPeigrsoug | L ORIDA o
Arafura Seal Guinea = = A Port St Lucie
1 Month shipping time 5
- West Palm
it tyers
w lllll
Naples B Lauderda
Miami
Googl 2




Means and Methods

Material supplier - GATE PRECAST ( Jacksonville, FL)

« Concrete sheet piles 12"°x30" with CFRP strands from Japan and GFRP

bars from Canada

FROM PULTRALL INC.
(CANADA)

TO JACKSONVILLE,
TO HOMOSASSA

DE
KANSAS MISSOURI (= 23 h 59 min fp

DAKOTA

NB
MINNESOTA Ottawa Pultrall Inc =
®
;ﬁﬁﬂl WISCONSIN MAINE ¥ Nova scoTlA
MICHIGAN| Toronto
NH
H NEW YORK
oW a C |<(:)ago MA
NEBRASKA RI
ILLINOIS PENN

OHIO
iladelphia

1,555 miles
NORTH
A
OKLAHOMA TENNESSEE cARGEN A
ARKANSAS
SOUTH
Dallas MISSISSIRRL CARBLINA
o ALABAMA
- LOUISIANA Jacksonville
Houston \yast Halls River Road
FLORIDA
Gulf of

Mexico

2 A day shipping time



Means and Methods

FL)

ith CFCC strands from Japan

lle,

GATE PRECAST ( Jacksonv

Material supplier —
Prestressed concrete CFRP 18"

lles w

o]

A

A

A —

= f‘_.@_, \

\.c.\\\\.‘




Means and Methods

Material supplier - HCB (Augusta, Maine)
Hybrid

Shear connectors

Composite Beams, 21° T Shape

e
.....

Concrete arch

SEy 3 *-&‘L&_xﬁ,’ (compression
S 2 W L :

e ea- reinforcement)

Tension
reinforcement

Low-density
foam core

Fiber-reinforced
plastic shell




Means and Methods

Material supplier - HCB (Augusta, Maine)
« HCB’s Augusta, Maine via Gretna, FL

- WASHINGTON MONTANA DAKOTA NB t
MINNESOTA Ottawa Montreal PE
® o
SOUTH WISCONSIN - P, NOVA SCOTIA

OREGON e DAKOTA MICHIGAN 2 4

WYOMING Chica NEW YORK

IOWA o
NEBRASKA ILLINOIS
OHI0 PENN
NEVADA United States INDIANA
: UTAH | coLORADO WEST DENJ
San Francisco KANSAS  MISSOURI VIRGINIA
P 26 h
KENTUCKY.
CALIFORNIA o a5 Vegas 1,706 miles
OKLAHOMA TENNESSEE i
Los Angeles ;1 o150NA ARKANSAS m g
(o] d
San Diego NEW MEXICO Dallas MISSISSIPPI oty 4
o ALABAMA %

TEXAS GEORG|
= LoulsianaGretna O
HousiRl West Halls River Road

%
A
o
° FLORIDA
S,
-
3,
%,
)

Gulf of
Mexico

Mexico

Cuba

Mexico City - Dominican
o gRepublic

-

Gretna (FL) is where the precast/prestressed concrete plant is located and where Self-Consolidating Concrete (SCC)
was placed in the core of the HCB beams



Means and Methods

Construction challenges correlated with Halls River Bridge Site
Osprey nest on crane tip

Intense wildlife activity (Manatees, Eastern Indigo Snakes, Dolphins,
Ospreys)

Soil conditions — few borings
Pile splices in Phase 2
Constricted site



Means and Methods

Osprey Nest Relocation




Means and Methods

Osprey Nest Relocation

16 work days lost, costs of equipment/labors in stand-by



Means and Methods




Means and Methods

Turbidity — Extra turbidity sheet piles
b l’ \

i

4
‘u

Wi
\/
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Means and Methods

Soil Conditions
Contractor attempted to install the concrete sheet piles utilizing different methods of installation
including driving with hydraulic hammer, driving with jetting, driving with preformed hole (augering).

Contractor in a last stage proceeded with trenching with the help of a specialized excavator
mounting hydraulic rock cutters




-~

ES/IN\ 2

P

S A

Trenching to tip elevation could have affected the structural integrity of the existing bridge
and consequently the safety of the travelling public. For this reason, Contractor installed

Temporary Critical Sheet Piles.

. Y o8



Setting to grade the CFRP sheet piles at elevation tip (-25 ft) with vibratory
hammer



Means and Methods
Pile splicing

32 in. depth oles drilled on the existing CFRP piles in bent
2 for splicing. Temporary jig set-up



Means and Methods

Epoxy the pile splices male-female joint (SS dowels)



Means and Methods

lll‘!"\"l
i

|||f .

Drivi of the 42 foo iIe plices

Explore possibility for using CFRP bars in splice, if manufacturer’s step up for QC Plan approval
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Felix Padilla — FDOT, State Structures Design Office



Other Project Examples (Topic #6)

. Cedar Key SR24 Bulkhead Rehabillitation:
« Construction completed June 2016 (FPID 432194-1-52-01)

. Bakers Haulover Cut Bridge Bulkhead Rehabilitation:
« Under Construction since 1/9/2017 (FPID 433378-1-52-01)

. Skyway South Rest Area Seawall Rehabillitation:
» Design-Build contract E1P44 (FPID 438528-1-52-01)
* Under Design/Construction

. Airport Road at Daughtry Bayou Bridge Replacement:
» Under Construction since 7/1/2017 (FPID 415252-1-52-01)


http://www.nflroads.com/_layouts/FDOT D2 Northeast Florida Road Construction/ProjectDetails.aspx?pid=374&sid=All

Project Example 1 — Cedar Key SR24
Bulkhead Rehabilitation

GFRP BAR TYPE CHART

TYPE A SIZE 5 GFRP BAR COATED WITH GRANULAR MATERIAL AND WITH SURFACE
INDENTATIONS/DEFORMATIONS CREATED BY HELICAL WRAPPING.

SIZE 5 GFRP BAR COATED WITH GRANULAR MATERIAL AND WITHOUT

RN SURFACE INDENTATIONS/DEFORMATIONS

SIZE 5 GFRP BAR COATED WITH POLYMER (NO GRANULAR COATING) AND WITH SURFACE

TYPELC INDENTATIONS/DEFORMATIONS CREATED BY SHAPING THE POLYMER COATING (NO EXTERNAL WRAPPING)

TABLE APPLIES ONLY TO REBAR IN SACRIFICIAL BLOCK

EXISTING DETERIORATED
BULKHEAD TO BE REPLACED

PROPOSED REPLACEMENT
CAP

COMPACTED FILL (TO I'-0"
BELOW EXISTING GROUNDLINE)

REMOVE BACKFILL AS )
REQUIRED TO REPLACE CAP | &k

S ACEMENT CAP e O¥ . (i)

; \ | : L
¢ | I o 5B4* 4 ’ Miami

§—~—2 SBI (TYP.) ——] . 3

& - g o d 1.:1:\[).1 e
N “FLORIDA ™
. EXISTING TIE-BACK TO REMA LT
d w|= ANCHOR T PROPOSED CAP I
SACRIFICIAL BLOCK : J|S AS EXISTING CONDITION.
REMOVE CONCRETE AND CLEAN & : L 00000000 \

T 0 EXPOSED AREA OF TIE-BACK 110" V ol
Lo EXISTING GROUND !
; % (APPX. EL 0.00) 0SED - * e

5 - e
By
EXISTING BULKHEAD
5B5 (TYP.)
WALL AKER ‘\\_‘_‘
"0 WALL 3"
ACRIFICAL
SECTION THROUGH BULKHEAD [OR TO CASTING —— | |
TYPE A GFRP

TYPE B GFRP — |

TYPE C GFRP
D 585 TO
M BOTTOM
M

1

914-415-105 |GLASS FIBER REINFORCING POLYMER BAR BULKHEADS LE 5088

UNUSED LF 131




Project Example 2 — Bakers Haulover
Cut Bridge Bulkhead Replacement

I-1o Tep of New Parapel
| / {South Wall)

Anchar Length
18-0" For Anchars(A)an
\? 20-0" for Anrhors.@
=
Top of Bulkhead
Water Level :": F Campacted Fill
MHW = 0.36°
MLW = 211" i =l
I o
= 1% & Anchaor
r A
=
s 5
w
] g
=] )
6 Concrete —= [ : 2
Fascia Panel L % @
in
p=]
b E
@
k o
Bottom of r o
Channel B
: ™~
—_—— I \E
— H
5
=
L
™~ plastic Filter
Fabric (Continuous)
L
814-415-104|FIBER REINFORCED POLYMER BAR #4 BULKHEAD CAP, PARAPET & FASCIA PANEL LF 12.199.32
Bottom of Steel ]
Sheet Pile 914-415-105|FIBER REINFORCED POLYMER BAR #5 BULKHEAD CAP, PARAPET & FASCIA PANEL LF 7.071.14
T

TYPICAL SECTION




Project Example 3 — Skyway South
Rest Area Seawall Rehabilitation

! Jacksonville
ey

e X

=

a)
Orlando
I Seme ik \
g I8 8IrTaTI0¢ 1_
h RN

LA
Tampa-.<& skeland N
Clearwater s Ve

ae] \
VA SSLFLORIDAS, b
¢ ." : n.

, é
Cracking of existing
seawall bulkhead cap

|
Miami
biee

2

Limits of seawall bulkhead > |imits of seawall bulkhead cap
cap replacement : replacement near Rest Area




Project Example 4 — Airport Rd over
Daughtry Bayou Bridge Replacement
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Outreach & Technology Transfer (topic #7)

1. FDOT's FRP-Reinforcing Design Innovation initiative:

2. Projects GIS-Mapping Tool:
 Active and Completed FRP projects;
* Includes FRP-Fender Systems, but not strengthening (20+ year
history of wet-layup repairs)
3. Fast-Facts Sheets:
 EOR’s requested to complete for each new project

4. Face-to-Face:

« FDOT conferences, workshops and coordination with AASHTO
Subcommittee on Bridges and Structures: Task Group T-6 (FRP)
& T-10 (Concrete)


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

Outreach & Technology Transfer

1. FDOT's FRP-Reinforcing Design Innovation |n|t|at|ve

* http://www.fdot.gov/structures/innovation/FRP.shtm f  noad S A

Florida Department of
TRANSPORTATION

FDOT

Home About FDOT Contact Us

Structures Design

Structures Design / Design Innovation

Fiber Reinforced Polymer Reinforcing

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

Overview

Usage Restrictions / Parameters
Design Criteria

Specifications

Standards

Producer Quality Control Program
Technology Transfer (T?)

Contact

Overview

The deterioration of reinforcing and prestressing steel within concrete is one of the

Maps & Data

E-Updates | FL511 | Mobile | Site Map
Search FDOT... [>]

Offices  Performance  Projects

Photo Slideshow

Technology Transfer (T?)

The following links to FDOT meetings, seminars and workshops are provide as
background information for potential users and industry partners:

* FHWA/NCHRP 20-68A U.S. Domestic Scan 13-03 meeting with FDOT
(June-4-5, 2015)

= FDOT-FRP Rebar Industry Workshop
(June 15, 2016)

* Composites-Halls River Bridge Promotional Video for CAMX 2016
(September 26-29, 2016)

= CAMX 2016: FDOT-FRP Deployment for Structural Applications (for new
construction)
(September 29, 2016)

= ACMA-Transportation Structures Council (TSC) Meeting - FDOT Presentation
(September 29, 2016)

» FDOT-CO Winter FRP-RC Workshop & FDOT/FTBA Construction Conference
(February 3, 2017)

= Halls River Bridge Replacement FRP Demonstration Project Workshop
(May 2-3, 2017)

« FDOT 2017 Design Training Expo - FRP Reinforced Concrete Design
(June 6, 2017)

* International Workshop on GFRP Bars: FDOT GFRP Implementation - Current

Status, Projects, and Challenges
(July 18, 2017)
« FES/FICE 2017: The Halls River Bridge - Perspective of Owner/Designer,
Contractor and Researcher
(August 4, 2017)

nrising

— Transportatlon in the Sunshine State

r



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

Outreach & Technology Transfer

2. Projects GIS-Mapping
Tool:

» Active and Completed
FRP-RC projects;

* Includes FRP-Fender
Systems,

« Hope to add bridge beam
repair/strengthening
projects in future (20+
year history of wet-layup
repairs)

® GFRP (Glass) Projects

® BFRP (Basalt) Projects

CFRP/GFRP Concrete Sheet Piles (Index

®  D22440/22600) Projects

Tallahassee

o~ CFRP Prestressed Piles (Index D22600/22600)
" Projects

® CFRP (Carbon) Projects

FLORIDA

Everglades
National

Luci ';
West Palm
Beach
Q

OF‘I:-mpan-:-




Outreach & Technology Transfer
3. Fast-Facts Sheets:

« EOR'’s requested to complete for each new project

Levy County

Project Name:

Project Description-

Re'mforced
polymer

Project Purpose & Need:

_ existing

FDOT District Two
Cedar Key, Florida
Florida Department of Transportation
fdot. ov/structures/

SR 24 over Number Three Channel
Bridge No- 340003
FPID: 426169-1

Bridge Inspecti : i .
deterioration. including evidence ©
corroded steel reinforcement inthe

t/Cost Estimate:

'mnovahom'F RP.shim

jon Reports identified

pulkhead cap o bridge
340003, Work activities
included removal of the
-<ting bulkhead cap and
jnstallation of 3 neW
pulkhead cap with GFRP
reinforcement.

e about this project? GFRP
the splash zone,
Removable blocks, seinforced with varying

$741.630.00 (Construction Contract)

t is used in the bulkhead cap. which is within
to reduce future maintenance requirements.
of FRP, were

cast with the bulkhead cap for monitoring long-term durability.

Describe Traditional Approach:

Traditional approach includes installation of
grade 60 steel rebar in a cast-in-place ‘bulkhead
cap.

Describe New Approach:

Utilization of GFRP bars in lie of traditional
grade 60 steel rebar in the bulkhead cap, located
in the splash zone.

Top Innovations Employed:

Utilization of GFRP bars within the splash
Zzone/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

PE Consultant: Kisinger Campo & Associates Corp.
Construction Contractor: Pneumatic Concrete Co, Inc.
C ion Engineeri P JEA Construction Engineering Services
Engineer of Record: Patrick Muthearn, PE.

Kisinger Campo & Associates Corp.
FDOT Project Manager: Jeff Bailey

FDOT District Two

Jeff Bailey@dot state flus
FDOT State Materials Office: Chase C. Knight, Ph.D.

FDOT Composite Materials Specialist
C‘hase.ngm@doLstnte,ﬂ us

2|pPage

FDOT Tr i
ansportation Innovation Initiatj
ive:

_Precast pgj,
2 piles b, € for a fyp,
Y cmlracto, and H{p""-“ Cost of $28 9
i .904.00 4+
Ment unky, Tax

FRP — Design Innov

orc

ation

/

Fast Facts:
Glass

Project Location FDOT District Thre,
Ict

Bay County ‘

Lynn Haven, Florida

Agency:
Polymer
&

URL:

http/fwww

Project D :
ject Name: Arthur Drive over Lynn

Ca rbo : Bridge No.: 464143 He
. FPID: 430463-1
Fl b - Project Description: Field testing of GFRP CFRP
REinfo reinforced concrete pd::d
rced Project Purpose & Need: -
e

Polymer

Thr <
- ee FRP-fClnff)ICEd precast concrete
and dri piles were £
- ven to test performance. On
pile Was prestressed with CFRP oo
endons,

and two piles
GFRP bars, Were non-prestressed with i




Outreach & Technology Transfer

4. Face-to-Face:

« FDOT Conferences, Workshops and coordination with AASHTO Subcommittee on
Bridges and Structures: Task Group T-6 (FRP) & T-10 (Concrete)

13-03 — Leading Practices in Use of Fiber Reinforced
Polymer (FRP) Composites in Transportation
Infrastructure

GFRP Rebar Workshop

Fiber reinforced polymer (FRP) composite materials have been
researched and demonstrated in structural applications for more than 25
years. Among transportation agencies, FRP materials have been used for
bridge decks, beams, piling, buried structures, conerete reinforcing, and
post-tensioning, as well as for repair and strengthening of existing
structures. However, FRP has been used little as a primary structural

esign Training

Erpo

)esign Training
, Post-Expro

6/15/2016, 1:00pm - 4:00pm

St Johns Room

FDOT — Halls River Bridge FRP Workshop Outline material.
Date: May 3"- 4" 2017
Location: EDOT - District 7 HQ, Auditorium . . . .
11201 North Malcom McKinley Drive Itis reported that other industries and agencies—notably the U.5.

Tampo, Florida 33612 Navy—are studying and using FRP more extensively. The purpose of this

- 3 - - scan is to inform the transportation industry on suceessful applications
of FRP within DOTSs as well as techniques that may be appropriate/adaptable for DOT use.

2016

- s =
es ' g n TI‘ a ’ n l n g FDOT-CO Winter FRP-RC Workshop FJDQ?X 2017 FTBA Construction Conference — FRP Structures Session Outline
é ; Date: Feb 2-3, 2017 View the Tentative Schedule
2017 Winter FRP-RC Workshop Outline Location: Hyatt Regency]Orlando
Date: Feb 3%, 2017 9801 International Drive
Location: FDOT - Florida Turnpike Enterprise HQ, Auditorium B

Orlando, FL 32819
Telephone: (407) 284-1234

Turkey Lake Service Plaza, Milepost 263

Ocoee, FL 34761
Ph. 407-532-3999
Register Now
20 1 PRELIMINARY OUTLINE
I ° °
“WPesign Training S
= E :Y $1: FDOT FRP D for New Ci ion — Steve Nolan (1:30-1:50pm)
/,/4 - p $2: Halls River Bridge Repl: -E le FRP Project ication - Mamun Siddiqui, Cristina Suarez (2:00-
2:20pm)
$3: FRP Ci ility Issues and Ci 's P ive — Antonio Nanni (University of Miami) & Astaldi

(Contractor — Sergio Notarianni, Pietro B%nov) (2:30-2:50pm)






Universities Contact Information:

FAMU-FSU College of Englneerlng University of Miami, College of Engineering

Michelle Gartman, MS Thomas Cadenazzi, MS

2525 Pottsdamer St., Rm A129 Halls River Road Bridge Field Office J
Tallahassee, FL 32310-6046 5311 S Suncoast Blvd, Homosassa, FL 34446

(850) 410-6125 (954) 908-0585 or (786) 223-5645 MIAMI
|
FDOT Contact Information:
Structures Design Office: Structures Design Office:
Steven Nolan, P.E. (Standards Coordinator)  Rick Vallier, P.E. (FRP Coordinator)
(850) 414-4272 (850) 414-4290
State Materials Office: Design 7 Structures Office / EOR:
Chase C. Knight, PhD. Mamun Siddiqui, P.E. (Designer)
(352) 955-6642 (813) 975-6093

Composite GFRP CFRP Navigation External FRP
Bridge Reinforcing Prestressed Fender Laminate
Girders Bars Piles Systems Repairs

FDOT'’s Fiber-Reinforced Polymer Deployment Train


mailto:Steven.Nolan@dot.state.fl.us
mailto:Chase.Knight@dot.state.fl.us
mailto:Rick.Vallier@dot.state.fl.us
mailto:Mamunur.Siddiqui@dot.state.fl.us
mailto:roddenberry.gartman.fsu@gmail.com
mailto:txc470@miami.edu
mailto:thommy.cade1@gmail.com

