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* Australian born, Florida resident
since 1996

B.Eng. Civil Engineering, UNSW,
Sydney, 1990.

« Experience

— 3.5 years in Heavy Civil
Construction NSW, Leighton
Contractors

— 29 years FDOT, 26 in
Structures Design Office

— CAMX attendee first time 2014.
— CAMX contributor 2015 to 2020.
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Learning Objectives

* Upon completion, participants will be able to describe the
progression of advancement material technologies and
standards for FRP reinforcing and prestressing for
concrete structures.

« Upon completion, participants will be able to list
applications that demonstrate the effective and efficient
use of structural FRP materials for infrastructure.

 Upon completion, participants will be able to identify
material, design, and construction practice improvements
that can increase the efficiency and competitiveness of
structural FRP for concrete infrastructure applications.





https://www.fdot.gov/design/innovation/default.shtm
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1. Expanding Range of Reliable FRP Materials &
Structural Solutions for Reinforced Concrete

GFRP rebar & improved properties
BFRP rebar implementation

Improving CFRP strand & bar performance and
economy

Hybrid solutions including pultruded or molded structural
components




1. Expanding Range of Reliable FRP Materials &
Structural Solutions for Reinforced Concrete

Alkali-resistance
Comparison of alkali erosion (electrophotography)
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As manufactured Held at 80°C for 200 hours
in saturated cement solution

No significant change observed.

NEG's E Glass Fiber
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As manufactured Held at 80°C for 200 hours
in saturated cement solution

The fibers are completely destroyed.

I. GFRP rebar & improved properties
(example E - E-CR glass filament

Acid-resistance
Comparison of acid erosion (electrophotograph)
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As manufactured Held at 50°C for 1 hour
in TN-HCI

No significant change observed.

NEG's E Glass Fiber
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As manufactured Held at 50°C for 1 hour

in IN-HCI

The fibers are completely destroyed.

s; bond to concrete)

A peer-reviewed study published in the ASCE Journal of Composites for ...more

- BOND AND DEVELOPMENT LENGTH OF
GFRP BARS EMBEDDED IN SHOTCRETE

New study in the ASCE journal of
Composites for Construction

Bond Strength by Beam, Grouped by Concrete and Bar Surface Type
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https://ascelibrary.org/doi/10.1061/JCC
OF2.CCENG-5195



https://ascelibrary.org/doi/10.1061/JCCOF2.CCENG-5195
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https://ascelibrary.org/doi/10.1061/JCCOF2.CCENG-5195
https://ascelibrary.org/doi/10.1061/JCCOF2.CCENG-5195

Tensile strengh/MPa

2

1 600
1400
1200
1000
800
600
400
200
0

1. Expanding Range of Reliable FRP Materials &
Structural Solutions for Reinforced Concrete

ii. BFRP rebar implementation

Ying and Zhou (2013)
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Figure 2.6: Tensile strength of fibers exposed to NaOH solution for 24 h at 100°C
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Final Report

BFRP Rebar Characterization and Performance

Testing Protocol and Material Specifications

for Basalt Fiber Reinforced Polymer Bars

Contract Number BEG94
FSU Project ID: 042878

artment of Transportation
or

Street

lorida 32390-0450

Steven Nolan, P.E.
Project Mannger
FDOT Central Office

FDOT

Figure 2.1: (a) Basalt rock, (b) Fiber, and (c) Rebar

Table 2.1: Mechanical and physical properties of fibers (Singha, 2012)
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Engineering

Prepared by:

Raphael Kampmann, Ph.D.
Principal Investigator
Youneng Tang, Ph.D.
Co-Principal Tnve r

Sarajeen Saima Hoque
Graduate Research Assistant

FAMU-FSU College of Engineering
Department of Civil and Environmental Engineering

Fiber Type

July 30, 2022

Continuous Basalt Carbon Glass
Properties unit E- glass S- glass
Breaking Strength MPa 3000 — 4840 3500 — 6000 3100 — 3800 4020 — 4650
Elastic Modulus GPa 79.3 - 93.1 230 — 600 72.5 - 75.5 83 — 86
Breaking Extension % 3.1 1.5-2.0 4.7 5.3
Fiber Diameter pm 621 515 6 — 21 621
Linear Density tex 60 — 4200 60 — 2400 40 — 4200 40 — 4200
Temperature Withstand °C —260 — 700 —50 — 700 —50 — 380 —509 380




1. Expanding Range of Reliable FRP Materials &
Structural Solutions for Reinforced Concrete

E‘)f NEx: An ACI Center of Excellence for Nonmetallic Building...
E__.:_. 2,514 followers
Tmo » G)

# FRP Rebar Market to Surpass $1.19 Billion by 2030

According to a recent industry article, demand for nonmetallic reinforcement is
rapidly accelerating. This growth is driven by infrastructure investment,
sustainability goals, and the need for durable, corrosion-resistant materials in
harsh environments.

FRP (Fiber Reinforced Polymer) rebars are emerging as an alternative to steel in

L [ ]
m bridges, coastal buildings, marine structures, and more. With a projected
I I I m p rOV I n g S ra n a r Compound Annual Growth Rate of 11.5% through 2030, the global market is on

track to exceed $1.19 billion in value.
As an ACI Center of Excellence for Nonmetallic Buidling Materials, NEx is proud
y to support this transformation through research, certification, and member
collaboration.

Read the full market outlook:
https://Inkd.in/gbwxN-XX

#GFRP #FRPRebar #Nonmetallics #Infrastructure #ACI #Concretelnnovation #S

FRP

CARBON FIBER GLASS FIBER

REBAR

- Chemicals & Materials Industry =+ Subscribe

FRP Rebar Market to Reach $1.19 Billion by 2030, Driven by Growing... 10
Saurabh Singh




1. Expanding Range of Reliable FRP Materials &
Structural Solutions for Reinforced Concrete

(v

6'-4.5" for GFRP-RC:

Concrete Cost Savings =
3438.5*$1600/27 -
3275.4*$1500/27 =
$21,778 incl. eliminating
HRP ~ $100/CYD

(need to add additional
rebar cost if any?)

n

SECTION B-B

SECTION E-E

\ |
Tl 25-8F01 @ 10%" = 21'-9" 7
l € Column
i —_— ”
B Steel Bars sized to provide 3 N
S eqqrvafenr flexural and shear E GFRP (Type 11 ) gF01 ' P
£ resistance - d "
=
! 2 e L ryp.. uno) Could use 2" cover
o = r—— _—
o " &S R . for GFRP rebar
)~ < Gl ! ‘ >
el = <z GFRP (Type Ill) [ | ‘ s|s
o N 2. 1 I 2=
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SUGGESTED DETAILS FOR | ! S0 prestressed
HYBRID GFRP DESIGN J Concrete Pile (Typ.) J J J
1-g" 30" 5 Spa—@ 7 -] 3-0" 5 Spa. @ 74" (-) 3-0" 5 Spa. @ 74" (-) 30" 1'-0"
Could use 3" cover for GFRP rebar — =3-0 - =30
23-0"
" - Ny
E. Substructure Concrete: cost per cubic yard FOOTING ELEVATION 22'-8" for GFRP-RC
Substructure Concrete Class |l 1.800 BRIDGE NO. 7§
Substructure Mass Concrete Class |l 1,600 A TATE OF FLORION E=g
o | Substructure Concrete Class |V: 2,000 ANOREN W, PAGE. P.E. EEG 10-24]) L PARTMENT OF TRANSPORTATION PIER 2 THRU 4, 7, & 9 DETAILS (3 OF 5)
Substructure Mass Concrete Class IV: 51,500 é%gﬁ”ﬁﬁwg?ﬂ‘bt‘! . 79376 ARV 1024 feee — —
| Seal Concrete: 1,600 10748 DEEAWOOD PARK BLVD. SOUTH Ry G o
Bulkhead Concrete: 2,400 JACKSONVILLE, FL 32256 o | SR 23 | sT. onns | 453070-1-52-01 RAMP C OVER SR 9 (1-95)
L

For calcium nitrite, add $100 per cubic yard. (@ 4.5 gal per cubic yard)
For highly reactive pozzolans, add $100 per cubic yard. (@ 60 Ibs. per cubic yard)

Iv. Hybrid solutions including pultruded
or molded structural components

CONpW_Worksh_p\pw_usersa@45528 1580 IPierDecTypB3.dgn ¢ TYPICAL PIER DET,
SULIVARI 31-1AN-2025
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2. Recent Full-Scale Testing and Research on Bridge

Beams and Piles

CFRP prestressed beams and piles, with GFRP
auxiliary reinforcement.

NCHRP 12-121 sponsored research finding for
transverse and interface shear and confinement
reinforcing.

Durability Sampling and Testing of Halls River Bridge
after 6-years in saltwater concrete.

12





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



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

3. Expanded Applications for FRP Rebar in Bridge
Foundations

Development of #11 Bar specifications

Development of ASTM specifications and AASHTO
Materials Programs for BFRP & GFRP rebar and CFRP
strands

Feasibility Study for Large Bridge Foundation Elements.

15



4. Education Tools for Designers, Contractors, &
Owners

FRP Designer Training
Structural Design Software
Technology Transfer Opportunities

16



4. Education Tools for Designers, Contractors, &
Owners

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

C. FDOT Structures Manual Frpor Design Criteria for FRP:

Topse No._ 625020018

oo s e Jaruary 2017 Vol. 1-SDG
' o Bearing Piles - 3.5
o FenderSystems - 3.14
o  Structural FRC-3.17
o BDR Cost Estimating - 9.2
o Bearing Piles
o SheetPile
Vol. 2~-SDM
o Fender Systems - 24
Vol. 4 - FRPG
o Reinforcing Bars - 2
Strands - 3
Strengthening - 4
Pultruded Shapes -5
VIP Shapes -6
Thermoplastic Shapes -7

FLORI i ‘ RTATION

FDOT STRUCTURES MANUAL

Volume 1 - Structures Design Guidelines

Volume 2 - Structures Detailing Manual

Volume 3 - FDOT Modifications to LRFDLTS-1
E ‘ Yelvma £« Flber Relnforcad Folymer Guidelines

O OO0 OO0

17



5. Recently Completed Coastal Structures

« Bridge Superstructures (NE 40t Ave,)

 Bridge Foundations (Bimini Drive, Barracuda Blvd, 4t St
over Big Island Gap)

« Seawalls (A1A-Flagler/Volusia Seawalls 2 & 3)




5. Recently Completed Coastal Structures

19



6. Interesting Projects Under Construction

Bridge Superstructures (17t St East End, CR30A over
Western Lake, Little Pine Island, US-1 over Sebastian
River, US-1 over Earman River)

Bridge Foundations Rehabilitation (US90 over Aucilla
River)

Pedestrian and Pier Structures (Jupiter Federal & North
Causeway)

Seawalls (Sanibel Island Causeway)

20



6. Interesting Projects Under Construction

21



7. New Projects in Design

* Prestressed Bridges (CR 372/Surf Road over Otter Creek
Rise)

* Bridge Foundations (Caxambas Ct/Roberts Bay,
SR105/Hecksher Dr over Browns CKk)

« Seawalls (St Augustine-A1A & Avenida Menendez
waterfront, Tampa Westbay Interchange)

22



7. New Projects in Design

23



8. Lessons Learned from the Real World

* Designer Issues
* Material & Testing Issues
» Constructabllity Issue

24



8. Lessons Learned from the Real World

A. Reinforcing Bars
Cost Comparison (Installed Price)

Average Unit Costs FDOT Structures Manual for BDR
Bar Nominal HRB (3-bids) / Cost Estimating /

Size Diameter GFRP Bars GFRP Bars
2016 2023

#4 0.500” $1.18/LF $1.90/LF $0:601.11/LF | $272525/LF
#5 0.625” $1.37/LF $2.29/ LF $6:941.74/LF | $4198.09/LF
#6 0.750” $1.56/ LF $2.71/LF $1+352.51/LF | $5:9811.54 /LF
#8 1.000” $2.54 /LF $4.04/ LF $24604.45/LF | $16-7420.73/LF

Note: Thereis not 1:1 substitution of FRP for steel bars. ** 2023 FDOT Bid Avg.
Black steel bar based on $1.67**$6-96-/ |b for all bar sizes.
Stainless steel bar based on $7.72**$4-66 / b for all bar sizes.

Grade 60 Steel Stainless-Steel




9. Projects of Interest Nationally

AASHTO Committee on Bridges & Structures
Update NCHRP Domestic Scan (2013)

ACI 440 Technical Committees on FRP

ASTM D30.10 — CFRP Rebar & Strand, FRP Mesh
CSA S6:2030 Revision Cycle

FHWA ARAP-I / UMaine — X-Bridge project
NCDOT - Alligator River Bridge Replacement

Virginia DOT — Hampton Roads Trestle Approaches to
Tunnel.

Nano-material Inclusions and Bio-based Resins

26



9. Projects of Interest Nationally

 NCHRP Project 22-41: Recommendations in 2023

NCHRP 22-41 [Final]

Proposed Modification to AASHTO LRFD Bridge Design Specifications, Section 13—Railing

Funds: $230,000

Research Agency: Modjeski & Masters

Principal Investigator: Mr. John M. Holt

Effective Date: 6/6/2019

Completion Date: 8/31/2023

Comments: Published as NCHRP Research Report 1109

Future Research

The literature review identified a number of knowledge gaps warranting future research.
A partial topic list includes static equivalent impact loads for design, effects of mass activation,
design requirements for ground-mounted railing supports, GFRP-reinforced bridge decks, alter-
nate railing design methodologies, and protection or shielding for superstructure elements behind
and extending above traffic railings.

Copyright National Academy of Sciences. All rights reserved.

Bridge Railing Design Requirements

27



9. Projects of Interest Nationally

Updating NCHRP Report on FRP for Bridges

« NCHRP Study commissioned in 2013 and report completed
in 2015

— New construction
— Refurbishment

« |ACMI Working group at the annual meeting in June 2025
recommended an update to this report

— Steve Nolan Florida DOT
— Joe Stilwell Maine DOT
— Shaun Beamish CMSI

« String of endorsements including Cabell Garbee (formerly
NCDOT Manufactured Products Engineer) at the recent Peer
Exchange Workshop at NC State:

— “You have to do it’

28



9. Projects of Interest Nationally

A Lot Has Happened Since 2015 !

I-75 over Rouge River

Mlchlgan s largest brldge

Column strengthening
with CFRP wraps

Grist Mill Bridge, Ma/ne DOT 2021 Harkers Island Bridge, NCDOT 2021 Morgan County Bridge, Tennessee 2021



9. Projects of Interest Nationally

Other Important (and Recent) Applications of FRP in Bridges

° Ped eStrIan brldges Creative Composites

» Cantilever walkways for multi-modal transportation gas
— Lightweight addition to existing structures

30



9. Projects of Interest Nationally

Updating the NCHRP Report on FRP for Bridges

 Key Deliverables: A state-of-the-art report and a communication plan
intended to dramatically increase the use of FRP in bridges by state DOTs

— Many diverse case studies from across the nation
« Highway bridges
« Rural bridges
» Pedestrian bridges
* Multimodal bridges

— Emphasis on longevity and reduced need for maintenance

— Success stories and best practices

31



9. Projects of Interest Nationally

Updating the NCHRP Report on FRP for Bridges

« ACMA (John Busel) is interested in collaborating with IACMI on this project

— Expands the scope/reach
* More companies = non-IACMI members
* More state DOTs = AASHTO Specialized Structures committee

* A steering committee would be formed, comprised of state DOT
reps

32



9. Projects of Interest Nationally

US Army Corps of Engineers

ERD

WHY COMPOSITES IN USACE?

®

NAV Structure Age Distribution

* Problem
+ Steel structures require reoccurring & costly maintenance

100 years,
95% percentile

+ ~ 13,000 steel structures within navigation and FRM portfolios.
» Currently ~70% exceeding 50-year design life
» However, maintenance cost nearing replacement costs ' Jll

Frequency (# of dams)

8. s

= Solution Sapeetis)
1 1 H = " s“uc\ures are
* Similar first COSt’ steel to FRP : Distribution of USACE FRM and Multipurpose Dam Age} ° unacce‘:abe ife S

» Faster design; similar to design-build process -

90 years,
95" percentile

* Faster fabrication; similar to precast concrete manufacturing
+ Significant Life Cycle Cost Avoidance - Ranges up to 10:1

Frequency (# of dams)

vy
2
5
-
g
E
3

* National Academies Study: Innovative Materials . '|_
m B

+ https://www.nationalacademies.org/our-work/study-on-furthering- R IO R
the-development-and-use-of-innovative-materials-in-water- oamAelwe)
resources-infrastructure 33




9. Projects of Interest Nationally

US Army Corps of Engineers

& ERDC R&D ROADMAP

US Army Corps ERDC
US.ARMY  of Enginyeers,, E R DC :

ERDC Special Report SR-24-3 published June 2024 Applicable Structures
http://dx.doi.org/10.21079/11681/48755 The following component types are rocommended for FRP consideration

during design charettes:

™
<
o
o
7]
8
4
wi

Tainter Gate/Spillway Gate « Panels
Lift Gate « Floating Mooring Bitts
Roller Gate Bridge Substructure/Super-

Monitoring Completed Navigation Projects

Compoaiie Matsctal Apalications * FRP is a mature commercial technology

.
.
e mgié * Miter Gate structure
and|Research Roadmap [for US Army * Does not require additional research for most  Sector Gate + Mooring Pier
o o « Bulkhead « Embedded Quoin Section

carps of Engineers m.i'works U SACE a pp I | Catlons  Filling and Emptying Valves e Trash Boom, Trash Racks

« Contact Blocks * Bearing Supports
Kyle B. Baekey, Michael J. Hanowsky, Thomas M. Less, June 2024 «  Foundation Piles o Trestles
W. Jeff Lillycrop, Peter B. Stynoski, Matthew D. Smith, : a{‘:{t‘f"d Frame and Golda . 1:‘]:::5 g’i‘i‘m
Patrick J. Plews, Andrew Loff, Christina Parr ) e v Nl b

- « Emergency Gate « Sluice Gate
Ke Po I nts - * Levee Closure « Slide Gate

Commercial Off-The-Shelf

The following P t types are available as COTS products and are
highly recommended for immediate consideration and use:

+ FRP is applicable to most hydraulic structures

+ Select Commercial Off-The-Shelf items available i » e
1 1 e Roof Panels « Seepage Cutoff (sheet pile)
for immediate use il * (SRR
* Piping e Cover Plates
) . * Ladders e Fuel Tanks

o * Point-loaded bearing components may struggle * Doors » Cable Trays
+— : D * Signage o Septic Field/Mounds
[ < o Trusses ¢ Fender Supports
b in deSIgn . ;laima}'s . :mnholzs” l
o * Platforms * Holding Tanks
- * Mooring Cells (sheet pile)
14
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9. Projects of Interest Nationally

START

~300,000
OCA components

Remove duplicate components
~

/
unique components

Filter out broad systems/sub
systems, mechanical/electrical

components, descriptions, etc.

~500

it
q a comp S

Group similar components
into "component types"

RESULT
~84

component types

US Army Corps of Engineers

THE ALGOR

INPUT

COMPONENT
COMPOSITE EXISTING
CANDIDATES EVIDENCE

®®
— 4

ITHM

ERDC

SCREENS

_ @

Strong
opportunity

DESIGN

| CONSIDERATION ——— @

Weak
opportunity
CRITICAL —p
IPERFORMANCE ——» /
REQUIREMENT Research
required

vy

®

Consideration
not currently
recommended

oL

= KgKgrK;Kgp

Table B-4. Component score.

OUTCOMES

Combined Component
Economic Score, SC
Rank
NxCxF/ |Order, Risk,|Importance, [RDT&E,
Component 3,000 Ke [Kr |Ki Kro Raw |Normalized
Trash Racks 3,320 51 1.20(0.37 1.00 (22.34 |1.63
Decking/Grating 11,060 63 |0.01|0.46 0.25 |0.07 (0.01
Strut Arm 87,933 77 |1.20(0.76 1.00 |69.75 |5.08
Railing 3,076 49 0.01|0.46 0.25 |0.06 |[0.00
Roofing 30,440 72 |0.01|0.17 0.25 |0.03 |0.00
Tainter/Spillway Gate 6,940,000 |84 |1.77|0.C3 1.00 |137.27 |10.00
Vertical Lift Gate 4,200,000 (82 (1.77(0.e3 1.00 |(134.00|9.76
Wicket Gate 3,100 50 ]0.27|0.58 0.25 |192 (0.14
Roller Gate 39,000 74 1.77|0.e3 1.00 |120.93(8.81
Hinge Crest Gate (14,000) 1 1.77|0.e3 1.00 (163 |0.12
Miter Gate 6,504,000 |83 |0.77|0.83 1.00 |58.86 |4.29
Sector Gate 553,333 |80 |1.77|0.83 1.00 |130.73|9.52 .
Trunnion Rod 599 36 |1.20|0.37 1.00 |15.77 |1.15
Bulkhead 5,117 56 |1.20|0.37 1.00 [24.53 |1.79
Filling and Emptying Valves 35,287 73 |1.13|0.54 1.00 |44868 (3.25
Piping 3,800 54 0.17|0.48 0.25 |[1.07 |(0.08
Contact Blocks (miter and quoin) 78,667 76 |0.70|0.89 1.00 |47.08 |3.43
Foundation Piles 242533 |79 |0.70|0.89 1.00 |48.94 |3.57
Ladder 913 40 |0.01|0.46 0.25 [0.05 [0.00
Chain 169 24 0.01{0.46 0.25 |0.03 [(0.00

35




9. Projects of Interest Nationally

Updating the NCHRP Report on FRP for Bridges

Il FIELD STUDY — WEARING PANELS (AB-1)

b P

SC — KE KRKI KRD

Table 2. Ranked research and development topics.

ERDC

» Rock Island District, " . . c::p) ( m:mh) (U’fgaue) —
INDC’ and ERDC AB-1 FRP Abrasion and Wear 4.2 4+ 3 8.40
utilized Lock 12 1G-1 FRP Inspection Manual and Training 5.0 3 750
Tainter Gate Retrofit | LEG-1 FRP Techno-Economic Analysis 49 2 3 7.35
to aid R&D efforts on ‘\{' ; " . CLCF-1 FRP Bearing and Concentrated Loads 4.5 3 6.75
fiber-reinforced l‘ ; #a o DG-1 FRP LRFD Design Manual 5.0 4+ 2 6.67

7 MFC-1 Bolt Group Effects for FRP 4.2 2 3 6.30
pOlymer (FRP) Control Silicpn FRP Manufacturing Stds for High-Load 4.4 4+ 2 5.87
composites FEP | = CLCFS  |aveas
. . Armored Polyester . -
L : MFC-2 Environmental Effects on Bolt Groups in FRP|[4.2 4+ 2 5.60
g iy O UHMW PE CLCF-4 FRP Failure Modes 4.7 3 2 5.48
o i -1 FRP Nondestructive Testing 35 |2 3 5.25

N ObJeCtlve: Evaluate : n' 1G-2 Standardized Impact Loads 4.5 3 2 5.25
how different kinds of L FCS-1 FRP Fatigue and Creep Curves 39 4+ 2 5.20
FRP wear due to N ! FCS-2 Environ. Effects on FRP Fatigue and Creep |3.9 4+ 2 5.20
sedim ent, i ce, and B ‘ FCS-3 Creep and Fatigue for FRP Shape and Size |3.9 4+ 2 5.20

. IL-2 Material Influence on Impact Loads 35 4+ 2 4.67
debI'IS |mpacts MS-2 Hybrid Fiber Layout Applications 4.0 3 2 4.67
FCS-4 Fatigue Prone Details in FRP 39 3 2 4.55
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https://www.nonmetallic.org/requests-for-proposals
https://www.nonmetallic.org/requests-for-proposals
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https://www.fdot.gov/projects/jupiterus1bridge/construction-updates
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https://fdotwp2.dot.state.fl.us/ibi_apps/WFServlet?FSRV=MVS&IBIF_focexec=DRIVER&ABRA=O&IBIF_parms=FOCLIB=PPDFM&FOCPGM=CRRINQ01&WPITEM=429936&WPITMSEG=2&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
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https://ftp.fdot.gov/file/d/FTP/FDOT%20LTS/CO/cc-admin/2022_Lettings/2022_BidTabs/Jan22/T4583-Bid-Tab.pdf
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https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&WPITEM=445618&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
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https://fdotwp2.dot.state.fl.us/ibi_apps/WFServlet?FSRV=MVS&IBIF_focexec=DRIVER&ABRA=O&IBIF_parms=FOCLIB=PPDFM&FOCPGM=CRRINQ01&WPITEM=442891&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
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https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&ABRA=O&WPITEM=453177&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
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https://fdotwp2.dot.state.fl.us/ContractInformationMonitoring/ConstructionDates.aspx?CN=E5Z68&FP=44096915201
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https://fdotwp2.dot.state.fl.us/ibi_apps/WFServlet?FSRV=MVS&IBIF_focexec=DRIVER&ABRA=O&IBIF_parms=FOCLIB=PPDFM&FOCPGM=CRRINQ01&WPITEM=439275&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://fdotwp2.dot.state.fl.us/ibi_apps/WFServlet?FSRV=MVS&IBIF_focexec=DRIVER&ABRA=O&IBIF_parms=FOCLIB=PPDFM&FOCPGM=CRRINQ01&WPITEM=439275&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
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http://dot-wpws006.co.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&WPITEM=441166&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
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