) WINTER 2021 MEMBERS MEETING

Advancements in FRP composite usage
for Highway Infrastructure in Florida

Steven Nolan, P.E.

Senior Structures Design Engineer PUT@
Florida Department of Transportation ®WN

FDOT\)

P (February 17, 2021) IT'S THE LAWY



Advancements in FRP composite usage
for Highway Infrastructure in Florida
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Biography:

Steve has worked for the FDOT since 1996 and a registered Professional Engineer in Florida. He currently leads the
Advanced Materials for Structures initiatives within the State Structures Design Office and includes FRP composites
Strength Stainless Steel strands, FBeinforced Concrete, and Ultkigh Performance Concrete materials. In his 24
years with FDOT he has worked withkir2 dza S o0 NA RIS RSaA3dy yR RS@OSft 2LISR Y
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a reviewer for several engineering journals. Steven haautbored and presented numerous papers on FRP and
prestressed concrete related to bridges and coastal structures.



ABSTRACT

Advancements in FRP composite usage for Highway Infrastructure in Florida
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corrosion and/or truck impact damage and continues to evolve today.
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are used to guide vessels and protect bridge piers. Later research and demonstration of lightweight applications fc
bridge deck panel evaluation and other minor structural components. Hybrid composite beams céiRfagl
concrete are now gaining acceptance and have been showcased on a few Florida structures, bolstered by the suc
of other state DOTs. The broadest implementation for new construction applications is with composite rebar startir
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of composites under new construction in mirepplicationsbut the reinforced & prestressed concrete are currently
receiving the most attention with broadening of fiber types and resin systems.

A robust framework for manufacturer approval and product verification, coupled with standard specification and
design guidance is evolving. Proliferation of design practices and partnering with other state and infrastructure
stakeholders is consider key to driving further development of innovation and delivering cost effective solutions the
can succeed at an infrastructure scale and within the existing culture of the construction industry. This presentatiol
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The Value Propositioq
Structural Advancement & Durability
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The Value Proposition
Durable Solutions and Life Cycle Cost Benefits

A Service Life Expectations for Structure -z‘g
A Alternative Design Strategies

‘f‘

GUIDE SPECIFICATION FOR SERVICE LIFE DESIGN OF HIGHWAY BRIDGES,
1T EDITION

ltem Code: HBSLD-1 2020

This guide specification is intended to offer design recommendations for agencies wishing to
implement service life design principles and detailing recommendations. It was developed to
incorporate quantitative approaches, along with proven deemed-to-satisfy provisions, into a
single comprehensive design document for implementation on a national level. It also establishes
a framework for service life design, while providing opportunities for refinement and expansion,
especially as new models capable of simulating deterioration mechanisms become available.




AFDOTO6s Structures
I 12,529 bridges in the State of Florida
i 7,044 bridges maintained by FDOT
I 150,227,048 SF of deck area
I 5,485 maintained by others (County, City, Federal)
|
|
|

- 2,143,163 SY of noise barrier wall
- 379.22 miles of retaining wall
- 72.8 miles of seawall

A FDOT bridges classified in an aggressive environment:
I 1,534 Bridges
I 68,857,118 SF Deck
or about 46%
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Bridges & Structures

FRP-Prestressed Concrete (PC):
I Prestressed Beams - CFRP strands, GFRP/BFRP auxiliary rebar

I Bearing Piles i CFRP strands, spirals, & splice dowels, (GFRP/BFRP? auxiliary rebar )
I Sheet Piles - CFRP strands, GFRP (BFRP ? submerged) Stirrups
FRP-Reinforced Concrete (RC):

I CIP Decks & Flat-Slab Bridges - GFRP (BFRP now allowed)

I Seawallsi GFRP (submerged)

I Bulkhead Caps i GFRP/BFRP

Ext.remely Y
Aggressive
Environment

I Retaining Walls - GFRP/BFRP bridge sites

I Drainage Structures/Box Culverts T (no recent examples) R R
FRP Elements (MS): Legend

i Fenders, Piles, HCBs, Pedestrian Structures ;;i'i?;iliiiiﬁiiﬁum

Maintenance Repair & Rehabilitation (MR&R) "
I Externally Bonded Repairs (CFRP wrap & laminates, GFRP ?) :
I Pile Jackets (Cathodic Protection w/ GFRP shells, FRP dowels & bars)




Expanding Range of Reliable FRP Materials &
Structural Solutions

. GFRP rebar & improved properties

Composite Reinforcing Bars
for Future Infrastructure

RP increases durabillity of reinforced concrete to meet demands as traffic,
- banization, and extreme weather increase
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Expanding Range of Reliable FRP Materials &

Structural Solutions
GFRP rebar & improved properties Why is this important

Elastic Tensile Modulus for EDOT?

V Smaller bars = o |
A Higher strength a Improves efficiency in
A Better crack control design requiring either

A Better fit-up (especially for bent
bars bend radius must 3e3 bar
diameters)

V Less bargreducing congestion)
V Higher allowable shear stresses
V Lower deflections

Advancements in FRP composite usage for Highway Infrastructure in Florida 10



Expanding Range of Reliable FRP Materials &

Structural Solutions
GFRP rebar & improved properties

TenS”e Strength External Surface:
V Smaller bars = - Ribbed (a)
A better fit-up + Sand Coated (b)

X higher stress larger crack widths. wrapped and Sand Coated (c)
X higher fatigue stresses . Pefornadid)

X higher sustained loads |
J » Helical (e)
)

V Less barsreduces congestion * Greoved
X Greater deflections? ' Hollow core (h)

X Great Surface bond stress demands Figure: Different types of FRP [Fu et al. 2019]

I May need higher bond strength
standard (>> 1.1 ksi)

11



Expanding Range of Reliable FRP Materials &
Structural Solutions

High High

500 7 Modulus e Strength
Cargon /' Carbon
. : : Za0q 1/
. BFRP rebar implementation z » S-Glass
300 -
932-3.2 Bar Sizes and Loads: The sizes and loads of FRP reinforcing bars shall meet the S
requirements in Table 3-1. The measured cross-sectional area, including any bond enhancing 2 500 4 Prest .
surface treatments, shall be determined according to Table 3-2. = restressing
E Steel
Table 3-1 : 100 ~ Mild Steel
Sizes and Tensile F=="s of FRP Reinforcing Bars 8
I FD/O’?T\‘% E 0 T T T T T T 1
oss-Sectional Area Mlmmum Guaranteed 0 1 2 3 4 5 6 7
. 5 Tensile Load
Bar Size (in”) ips)
Designation|l P
priean ST T4 Maximum SR CFRP Bars
' G Bars
2 0.085 6.1 10.3
3 { o= S 0.161 13.2 20.9
4 (e 0.263 21.6 33.3
5 0 0.388 29.1 49.1
6 0. 0.539 40.9 70.7
7 0. 0.713 54.1 -
8 1.0 : ; STk 0.913 66.8 -
9 11 e s 1.137 82.0 -
10 1.0 “iesmemsertT s | 1.385 98.2 -




Expanding Range of Reliable FRP Materials &
Structural Solutions

US-1/Cow Key
Channel |

(Aug. 2020)

L
J,. 4

b ey

lil. Improving CFRP strand & bar performance and 66

July 2020 &Jan 2021updates

Table 1-2
Typical Sizes and Loads of CFRP Prestressing Strands and Bars
. Nominal Cross Nominal .Nommal :
Nominal . . Ultimate Tensile
Type . . . |Sectional Area| Ultimate Load
Diameter (in) .5 . Stress
(in®) (Pu) (kips) (ksi)
Single Strand - 5.0mm © 0.20 0.02536 9.1 36406
7-strand - 7.95mm @ 0.31: 0.048 17.8 3740
7-strand - 10.85mm O 0.43. 0.090 33.1 367
GERP Zstrand Single Strand - 9.5mm © 0.38 0.110 35.0 318
_ o 7-strand - 12.5mm @ 0.49 0.1178 43.3+ 37047
> (prototype) Single Strand - 12.7mm O 0.50 0.196 59.0 301
7-strand - 15.2mm O 0.60 0.179 66.2+ 3694+
7-strand - 17.2mm @ 0.68 0.234 86.679 370338

Advancements in FRP composite usage for Highway Infrastructure in Florida
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Expanding Range of Reliable FRP Materials &
Structural Solutions

Halls River B [dge

Iv. Pultruded & Molded Structural Compone

o ‘ ‘ﬂ '.»’ g ’: i : i T ") : B Y : . A
F?lexl BVd (2;01 8*) .--'g:!"!iiri A P

nforcement
>2d P/S Strand
s Cloth
FRP Shell

Ve

e 7il ;‘."":‘ P (e TL N ~ g
s g A I R S Tt
~ Ocala V\/a’;q‘rﬂ-_;Regharge‘ Park (201
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Recent FullScale Testing and Research on
Beams and Piles

I. GFRP Pile prestressing, spirals and dowel splicing

28 ft

8ft Reaction Frame

Hydraulic Actuator /
— i

Test Specimen

Spreader Beam

FDOTISRE

A

W3.4 Spiral Ties A | C I

Dowels

No Chamfer
Dowels

Prestressing Strands
= 12~0.6"®,CFRP7-wire Strand, at 34 kips

= 16 ~0.5" 0, Steel 7-wire Strand, Grade 270 LRS, at 26 kips SR AlA Flagler BeaCh (201@ -

Advancements in FRP composite usage for Highway Infrastructure in Florida 15



Recent FullScale Testing and Research on
Beams and Piles

Il. FRP Shear and Confinement RepBeams & Slabg =

Advancements in FRP composite usage for Highway Infrastructure in Florida 16



Recent FullScale Testing and Research on

Beams and Piles

Ongoing Project:

BE694

Improvingn Testi ng
Protocol and Material
Specifications for Basalt
Fiber Reinforced Polymer

lil. Durability Sampling and Testing in Wet EnvironmentS ar s o (2019-2021)

Materials Research Report July 2014
Final Report

UNF Project
Contract No. BDK82-977-05

Degradation Assessment of Internal Continuous
Fiber Reinforcement in Concrete Environment

Adel ElSafty, Ph.D., P.E. (Principal Investigator)
Brahim Benmokrane, Ph.D., P.E.

Sami Rizkalla, Ph.D., P.E.

Hamdy Mohamed, Ph.D., P.E.

Mohamed Hassan, Ph.D.

School of Engincering

College of Computing, Engineering, and Construction
University of North Florida

Jacksonville, Florida 32224

b
UNF UNIVERSITY of
NORTH FLORIDA

FDOT

Project Number
BOV31-977-01

Project Manager
David P. Wagner

Florida Department of Transportation Research
Durability Evaluation of Florida's Fiber-Reinforced
Polymer (FRP) Composite Reinforcement for Concrete

Structures
March 2017

Current Situation

Fiber-reinforced polymer (FRP) composites, when applied to concrete bridge structures,

are proven to increase strength and stiffness. They may also mitigate corrosion of the steel
reinforcement in concrete members by reducing diffusion of chlorides into concrete. However, in
the past, these repairs have been viewed as a very temporary bandage, and their durability has
generally been evaluated using accelerated or theoretical methods. Long-term field exposure
datawhich would help to determine the validity of

accelerated testing are not readily available.

Research Objectives

University of Florida researchers evaluated the
long-term effectiveness of FRP repairs on a
number of Florida bridges.

Project Activities

The replacement of three Florida bridges
previously repaired with FRP provided test
specimens with various aged repairs, the oldest
being 11years. The beams represented a range of
exposure conditions and were taken from bridges with different configurations. In two cases, the
bridges were over water and regularly exposed to changing water levels by river or ocean tides
In the third case, the bridge was over an interstate highway and had been struck anumber of
times by overheight trucks and subsequently repaired with FRP composites.

Testing Protocol and Material Specifications

for Basalt Fiber Reinforced Polymer Bars

]

FSU Project ID: 04287

S
Contract Number BE694 (o)
.

Submitted to:

Florida Department of Transporta”’
i T

Florida 32399-045"

Chase C. Knight, P’
Project Manager .
FDOT State My, &

FAMU-EFSU
Engineering

Prepared by:

Raphael Kampmann, Ph.D.
Principal lnvesti

rincipal Investigator
hand Telikapalli

Graduate Research Assistant
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Implementation Tools for Designers, Contractors, &

owners

F D OT ?E-K;l%egggfrﬁ%flohl E-Updates | FL511 | Site Map | Translate n H I g @O r m a n C e

| Search FDOT... [»] .
f e Safety, Innovation, Mobility, Attract, Retain & Train a e r I a

Home About FDOT Careers ContactUs Maps &Data Offices Performance Projects

Office of Design - .
Structures Design Office

Office of Design / Design Innovation

Design Innovation

_ Curved Precast Spliced U-Girder Bridges

) Fiber Reinforced Polymer Reinforcin
Non-Corrosive < y J

The Florida Department of Transportation (FDOT) continually strives to enhance all areas of its operations. In support of these FRP Mem bers and Structu res
efforts, the department recently moved into a bold new era for innovative ideas, research and accelerated implementation. \_
Success w?ll depend on our abiliTy to cqr_efully evaluate or implement the products and Sf_ervice_s p_rovided to the users of Florida's Geosynthetic Reinforced Soil Integ rated Bridge System
transportation system. Our goal is to utilize newly developed technology or employ creative thinking to generate greater value for
every transportation dollar invested.

Geosynthetic Reinforced Soil Wall
After researching and evaluating many innovative ideas, the Central Office has developed a list of concepts, products and
services that may be the best solution to the project's needs or design challenges. Some items on the list are completely Prefabricated Bridge Elements and Systems
developed, and only need tailoring to your project. We encourage you to propose one or more of these innovations for project

specific solutions with confidence of approval by the Districts. Other items are not fully detailed and will require coordination with

and approval by the District's Design Office. Many of these innovations have been successfully implemented in other states and - Seg mental Block Walls

countries. Not all projects benefit from these innovations and the Department is not advocating the general use of new products -

or designs where an economical well proven solution exists and is the most appropriate solution for the situation. u |tra_Hig h Performance Concrete (UH PC) J
FDOT Transportation Innovation Challenge Highly Corrosion-Resistant

The Department invites you to share your thoughts on ways we can challenge ourselves to be innovative, efficient and + Stainless-Steel Prestressin g Strand & Rebar
exceptional at our Invitation to Innovation website

Advancements in FRP composite usage for Highway Infrastructure in Florida 18



Implementation Tools for Designers, Contractors,
& Owners

https://www.fdot.gov/structures/innovation/FRP.shtm#link7 (2020)

FRP Designer Training

FDOT

GFRP-Reinforced Concrete Design for Bridges

Guest Speaker (1): Prof. Antonio Nanni

Inaugural Senior Scholar

Professor and Chair

Department of Civil, Architectural & Environmental Engineering
University of Miami lj UNIVERSITY

OF MIAMI
Biography

Prof. Nanni is a structural engineer interested in construction materials and their structural
performance and field application, including monitoring and renewal, with a focus on the
sustainability of buildings and civil infrastructure. During the past 30+ years, he has studied concrete
and advanced composite-based systems as the principal investigator on a number of projects
sponsored by federal and state agencies and private industry. Editor-in-chief of the Journal of
Materials in Civil Engineering (American Society of Civil Engineers) and serves on the editorial board
of other technical journals. He has advised more than 60 graduate students pursuing master’s and
doctoral degrees in the field, published more than 220 papers in refereed journals, published more
than 350 papers in conference proceedings and co-authored two books.

TRAINING ﬁn“%ﬁ

i

CFRP-Prestressed Concrete Design for Beams and Piles

Guest Speaker (2): Prof. DJ Belarbi

Distinguished Professor

Department of Civil and Environmental Engineering

University of Houston
Biography |
Dr. Abdeldjelil (DJ) Belarbi is a Distinguished Professor of Civil Engineering at the University of
Houston. He has taught more than 14 different undergraduate and graduate courses on subjects
related to civil and structural engineering. His primary research contributions focus on the
constitutive modelling, analytical, and experimental investigations of RC and PC structures. A Fellow
of ACI, ASCE, and SELl. In addition to his involvement in ACI 440, he is currently the co-Chair of ACI-
440-E (professional development); Chair of ACI-ASCE 445 (Shear and Torsion), member of ACI 341
(Earthquake-Resistant Concrete Bridges) and member of ACI 318-E (Section and Member Strength).
The recipient of numerous awards and honors including the 1995 Qutstanding Paper Award of the
Earthquake Engineering Research Institute (Earthquake Spectra Journal) and the Honorable Mention
for Outstanding paper from The Masonry Society.

2020 Webinar Series

TRANSPORTATION

= SYMPOSIUM

FRP-Reinforced and Prestressed

Concrete Designer Training
(An Introduction)

alarbi

[T Eros TG ]
SYMPOSIUM

19


https://www.fdot.gov/structures/innovation/FRP.shtm#link7

Implementation Tools for Designers, Contractors,
& Owners

US Standards

ru “
Concrete Reinforced AASHTO LRFD Bridge

Il. Structural Desigt: P e
A New construction: %
i
I  Glass FRP reb& Carbon FRP S

strandswith improving mechanical
properties
I Basalt FRP rebdt possible
prestressing applications
i Composite Bridge Beam@ultruded, b |
VARTM, Molded & Builtp composite Tha R
members) FIBER REINFORCED POLYMER

i Hybrid systemgHCB, Concreﬂéulled — cHnRB A
Cwt ¢ dzo Saxo

Fofﬂ

Advancements in FRP composite usage for Highway Infrastructure in Florida 20



Implementation Tools for Designers, Contractors,
& Owners

FLORIDA DEPARTMENT OF TRANSPORTATION

Guide for the Design and
Construction of Externally
Bonded FRP Systems for
Strengthening Concrete
Structures

Il. Structural Desigt: kY|

But0E SPECIFICATIONS

Uesign of Bunded FRP
Systems for Repair

and Strengthening of
Concrete Bridge Elements

FIBER REINFORCED POLYMER
GUIDELINES (FRPG)

440.2R-17

A Repair & strengthening.

First Edition 2012

International
Stan d ard S Externally applied FRP reinforcement

for concrete structures

Advancements In FRP composrte usage for Hrghvvay Infrastructure In Florida 21



Implementation Tools for Designers, Contractors,
& Owners

Il. Structural Design

GFRP-RC in development 4>

CFRP-PC Beta version **
(V6.0 coming 2021) 4>

GFRP-RC included
(Worksheet 3b) 4>

GFRP-RC included 4

** Available on request

Box Culvert v4.0

Prestressed
Beam v5.2

Bent Cap v1.0

Retaining Wall
v4.0

11/07/2018

11/07/2018

11/07/2018

06/01/2020

Tools

Exe (Zip)
(Mathcad 15)

Exe (Zip)
(Mathcad 15)

Exe (Zip)
(Mathcad 15)

Zip (Exe)
(Mathcad 15)

FDOT Design Software

Florida Department of
F D OTi E TRANSPORTATION E-Updates | FL511 | Site Map

e [ search FDOT [>]

Home About FDOT ContactUs Maps & Data Offices Performance Projects

Structures Design

Structures Design ‘ ey
Programs Library [5 S &)

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 Bridge Design Specification.

R
- [}

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, F5B) in accordance with the AASHTO LRFD Bridge |

Design Specification. R I =

loads, in accordance with the AASHTO LRFD Bridge Desigt |
Specifications.

o ——— e — . - - — - - - m s PR Bent Cap Analysis Model

Analyzes and designs fixed or pinned bent caps, including I J: I

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.

22



Implementation Tools for Designers, Contractors,

& Owners

US Design Software

nesepes ; 7 55
. Structural Design Tools T \ - f |
Other Design Software: ——
Adaption for FRP analysis or design enhancements: -
I FBMP (BSI) added Jan. 2021 (see newsletter) FRPpro™
N Manufacturer Private Design Bundle
i DeepEx (Deep Excavation, LLC) |
. ~ =T B - 0 -05 4 Qi B v~ Deais
I FRPproE emerging tools Shm—
I Michigan DOT/LTU CFRP-Beam Design Mathcad: | ™ uo
https://mdotjboss.state.mi.us/SpecProv/trainingmaterials.htm |
(also see TRB Webinar Dec 3, 2019) e Lo i | 4\
e

23


https://bsi.ce.ufl.edu/
https://bsi.ce.ufl.edu/newsletter/BSI-Newsletter-Spring-2021.pdf
http://www.deepexcavation.com/
https://mdotjboss.state.mi.us/SpecProv/trainingmaterials.htm

Implementation Tools for Designers, Contractors,

& Owners

and LCJools

Ce =70% -100% %
rmens (Degradation Factor) Qo
Initial 3 Prev 1
Performance 5 Maintenance (@)
g o
o & —
% T T T T T T T T T T T T T T T T T T T Thpmremnmeee i
g
994
&
€ .l l
Time Lif Time
CS-RC/PC alternative FRP-RC/PC alternative

Charts: 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.
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entValue (NFV)

Net

Implementation Tools for Designers, Contractors,

& Owners

A Life-Cycle Cost (LCC) analysis & LCA can show the
and LCJools  sustainable (economic and environmental) advantage

Global warming

/ Photochemical
oxidant creation

= of FRP structures in the coastal environment:
CS-RC/PC (r=0.6%) ’_E\ ) GI>)'\ .
. QE_) . : 8 ~ 1(())028113 iepletxon
n TN
= 8 'CS-RC/PC. Al
o © = ) 75.0/% |
RCEC > g_ >2% Discount
e R $1.5M ( Rate effect A00 %
C/IBC — >(:20%) Eutrophication ( ] 7/’/7 o)
P ,
— 0.0
e
----- FRP-RC/PC

Example LCC & LCA Comparison of Carbon Steel-RC/PC verses FRP-RC/PC bridge
(adapted from Cadenazzi et al. 2019)

-CS-RC/PC
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Implementation Tools for Designers, Contractors,
& Owners _

| —
NIST GCR 03-853 |

’ US. Department of c,
ommer
[ N@ J‘?hm"’g)( Administration 2 Office of Applieq Economi J
’ alional Insfitute of Standards ang Technology Building and Firg Resemﬁabovat |
ory

Gairhersburg, MD 20899

and LCJools | 219eLCC 2.0 Users Manya) |

Inflation: 200%  Real discount: 1.00% Edit costs of aternatives Dverviewl Fiun Simulation  Yiew Fesults I Interpretting Monte Carlo resullsl
Nominal: 3.02% —Graph of results. |
Current mode: Basic v BC v AR 1 v Ar. 2 I
{GoAdvanced ||  Setas defaut | Repla(3) | Repla(4) | Repa4) |
Data Z
Description | Total (5) ~| 125,214,074 110,317,457 115,307.7 z
: =
Nlernalyes Costs by bearer %
As?“"‘pl'ms [v Agency $125,214,074 $110,317,457  $115,307,746 &
Edit Costs [V User S0 S0 S0
Browse Costs [V Third Party S0 S0 S0
Edit Events Costs by timing
Event/Cost Map [V Initial Construction $113,379,257 $124,717,182 $130,386,145
Image Gallery ¥ 0,M, andR $3,993,395 $531,129 $531,129
Tools [ Disposal $7841422  -514,930, EYPPILYES = g 3§83 2888 25 g E8E8EE&
Workzones Costs by component Welcome X B3 B S EEELE S E &R 8 2
Concrete Elemental m o0 ®m 8 8 2 2 % 5 2 8 8 3
Analysis [ Deck S0 - E = 5 5 5 5 B 5 5 5 3 B B >
Compule Lce [7 Superstructure S0 Brld e I ( |: ( |: e-cycle costs, grouped in 20 bins (samples = 5000)
gensllmly B [V Substructure so g B Replacement with FRP-RC/PC Replacement with SS-RC/PC
ummary Qrpns [V Other $0 -
Cost Timelines ~ Vel‘Slon 2-0
Results [V Non-elemental $125214,074  $11031745] - Select A1 A2 A3 Alta Alts
Results Log - :
v New-technology introduction S0 .
Reports 4 g " Start new analysis = I §122,310,376  5127,658,481 0 0 0
oy : . §140,743,432 5146,695,490 v 0 v
¢ Open existing analysis Exit I §131574.090 5137 .234,600 s0 s0 s0
$5,503611  $5724673 50 50 50

W I~ Don't show this window again
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Implementation Tools for Designers, Contractors,

& Owners

Technology Transfdtarticipation

Research & Bridge Code Development:

TRB AKB30 & AASHTO COBS T-6 & T-10
i GFRP-RC Bridge Guide Spec i 2nd Edition: 2018 Task team
participation with UM and FDOT staff.
National Training i AASHTO COBS T-6 & TRB ABK10:

I CERP-PC Design - Under NCHRP 20-44 program for report
implementation assistance for CFRP-1, has FHWA & AASHTO T-6
support.

I GFERP-RC Design - not eligible under this program, so State DOTs and
FHWA are working on it.

AASHTO Guide Specs Review Panels:
I NCHRP 12-121: Developing Specs for FRP Auxiliary Reinf. in PC
Girders. (2020-2022)
CAMX
i 2016, 2017, 2018, 2019, 2020 (Featured Speaker/Panel)

International:

i International Workshop on GFRP Bars for Concrete Structures (2017,
2019, 2021)

i Lyon (FR) LMC?/AFGC GFRP-RC workshop (2019)
i International Bridge Conference (2018 FRP Workshop)

6.

7.

8.

9.

TRB Annual Meetings:
Committee Meeting participation AFF30, AFF80
FRP Workshops: 2019 & 2020
Technical Sessions: 2018, 2019, & 2021
TRB 2019 Webinar - Advanced Structural Materials
for Concrete Bridges:
UHPC, HSSS/CFRP-PC & GFRP-RC (Dec. 3, 2019)

ACI coordination (informal)

343 & 440 Committees (Bridge & FRP) 2020 Fall
Convention

Strategic Development Council T Forum 46 (2019)

State Level Engagement:

FRP Industry Workshops (2016, 2017, 2018, &
2020)

FTBA/Contractors (2017 & 2018)
FES/FICE (2017) & ASCE-FL (2018)
GFRP-RC & CFRP-PC Training (Aug & Sept 2020)
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https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=4965
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/camx2016-fdot-frpdeployment.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/camx-2017-halls-river-bridge-corrosion-free-design-with-frp-composites.pdf?sfvrsn=c8ea3fda_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/iwgfrp-fdot_frp_implementation.pdf
https://www.fdot.gov/structures/innovation/IWGFRPCS2
http://acmbs2020.ca/iw-gfrpcs3/
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/2019-indura-fdot_frp.pdf?sfvrsn=2f205f60_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/ibc18-w4-0utline.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/trb19-1023-fdot_frp_activities.pdf?sfvrsn=4de64e80_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/trb-aff80-ws-nolan.pdf?sfvrsn=e4c10827_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/trb-679-hrb-nanninolan.pdf
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/trb19-bhc_seawall.pdf?sfvrsn=9055f941_2
http://www.trb.org/BridgesOtherStructures/Blurbs/179843.aspx
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/2019-aci-sdc46-fdotinfrastructure.pdf?sfvrsn=7fdff182_2
https://www.fdot.gov/structures/innovation/FRP.shtm#link7
https://www.fdot.gov/structures/innovation/fdot-2017-winter-frp-rc-workshop/default.shtm
https://www.fdot.gov/structures/innovation/fdot-2018-winter-frp-rc-workshop/default.shtm
https://www.fdot.gov/structures/innovation/fdot-2020-frp-rc-pc-workshop
https://www.fdot.gov/structures/innovation/fdot-2017-winter-frp-rc-workshop/default.shtm
https://www.fdot.gov/structures/innovation/fdot-2018-winter-frp-rc-workshop/default.shtm
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/2017-fes-fice_hrbx.pdf?sfvrsn=3c8ed19c_2




