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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Speaker Bio: Steven Nolan, P.E.

Professional Engineer in Florida since 2003, current technical lead
coordinator for Florida DOT for implementation of Fiber-Reinforced
Polymer reinforcing and prestressing, stainless-steel prestressing, and
UHPC for structural applications. 10-years’ experience with development
of design guidance for FRP, 30-years’ experience with concrete design and
construction including 25-years with bridge design specification and
standards development. Current member of TRB committee AKB10-
Innovative Highway Structures, ACI 440C & CSAQO, ASCE-Structural
Engineering Institute, Bridge Engineering Institute, and fib (International
Federation for Structural Concrete).

B D szme 2 g FooT) i


http://cici.um-sml.com/

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Background:

* FDOT introduced guidance for the implementation of Fiber-Reinforced
Polymer-Reinforced and Prestressed Concrete (FRP-RC & FRP-PC) at
the 2014 Design Training Expo. We highlighted the planned release of
Standard Specifications, Structures Manual, and Materials
Manual updates, and the early design work for the seminal
demonstration project - Halls River Bridge.

* Reflecting on 10 years of implementation and the evolution of design
guidance, standard specifications and plans, many projects have now
been successful completed and continue to be monitored with the
goal of improving the state-of-the-practice and cost efficiency.
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2014 FDOT (Invitation to Innovation) R RS

WELCOME TO THE STRUCTURES DESIGN OFFICE

Office Manager: Will Potter, P.E. - State Structures Design Engineer

The Structures Design Office provides design guidance and technical assistance for structural, geotechnical, mechanical and electrical issues related
to structural design and construction. The Structures Design Office is 1 of 3 divisions under the Office of Design, along with Roadway Design, and
the CADD Office.
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CFRP Prestressing Strand & more... at FDOT

Fiber Reinforced Polymer (FRP)
Composites

ZW—J“\ Design of Fi Ffp Reinf ' ° 20’6’/‘:4
Pesian Training esign of First FRP Reinforced |\, < pveR BRIDGE REPLACEMEN' )esign Training
Erto Concrete Bridge in Florida . Exrto
FDOT District 7 Structures Design Office
By Gevin J. McDaniel, P.E. Cristina Kay Suarez Structures Designer New Standards fOI"
& Mamunur Siddiqui, P.E. Structures Design Enginoer -SEOR Corrosion-Resistant Prestressed Piling
Ghase Knight, PhD David Pelham Senior Structures Designer & Geotechnical PM & Pre CaSt Bent Cap
Steve Nolan, P.E. . .
Stote SructuresDesign Offce ., FROTY
8/1/1992 Feasibility of Fiberglass Pretensioned Piles in a Sen, Rajan
Marine Environment (USF) 2017/\/.:
Durability of CFRP Pretensioned Piles in Marine Sen, Rajan )‘*S"g" Traige
8/1/1995 . o
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https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/feasibility-of-fiberglass-pretensioned-piles-in-a-marine-environment.pdf?sfvrsn=5e1b98a2_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/feasibility-of-fiberglass-pretensioned-piles-in-a-marine-environment.pdf?sfvrsn=5e1b98a2_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/durability-of-cfrp-pretensioned-piles-vol-ii.pdf?sfvrsn=de6e2784_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/content/structures/structuresresearchcenter/final-reports/durability-of-cfrp-pretensioned-piles-vol-ii.pdf?sfvrsn=de6e2784_0
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/final-reports/b-9076---final-rpt.pdf?sfvrsn=705c1e58_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/structuresresearchcenter/final-reports/b-9076---final-rpt.pdf?sfvrsn=705c1e58_2
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Design: Practices and Standards for FRP-RC/PC

Expee V. _g

TRANSPORTATION
SYMPOSIUM

FRP Reinforced Concrete Structures:
10-year update, Lessons Learned, and
Emerging Best Practices

State Structures Design Office, FDOT (Tallshassse)

FRP Reinforced Concrete Design

Presented in 2017 by: Rick Vallier, P.E.
Updates in 2024 by: Steven Nolan, P.E.
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2017 vs. 2024 FRP Reinforced Concrete Outline

A. FRP Reinforcing Bars
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A. Reinforcing Bars  Spec. 932-34.2 Bar Sizes and Loads

Table 932-8 /1
Sizes and Tensile Loads of FRP Reinforcing Bars ) ]
Measured /
Cross-Sectional Areal Minimum Guaranteed Tensile Load R
Nominal Nominal (in?) (kips) l
i Cross
Desmaronpismereection! R /
g | Area BFRP & |BERP &l (Type | CFRP 5:"/
(in")  IMinimum|Maximum| GFRP Bars Single & | (Type I)
Bars -
(Type 0) (Type III) 7-Wire Bars !
Strands /"
2.1-CFRP | 0.21 0.028 0.026 0.042 - - 7.1 - \,a
2 0.250 0.049 0.046 0.085 6.1 7.4 - 10.3 -
2.8-CFRP | 0.280 [ 0.051 | 0.048 0.085 - - 13.1 - ™
3 0.375 0.11 0.104 0.161 13.2 16.0 - 20.9 ]
3.8-CFRP | 0.380 0.09 0.087 0.134 - - 23.7 -
4 0.500 0.20 0.185 0.263 21.6 27.9 - 33.3
5 0.625 0.31 0.288 0.388 29.1 40.8 - 49.1
6 0.750 0.44 0.415 0.539 40.9 57.3 - 70.7 :
6.3-CFRP | 0.630 | 0.19 | 0.184 | 0.242 - - 49.8 -
7 0.875 0.60 0.565 0.713 54.1 75.8 - - ' |
77-CERP | 0.770 | 029 | 0274 | 0.355 ; - 74.8 - J
8 1.000 0.79 0.738 0.913 66.8 94,9 - -
9 1.128 1.00 0.934 1.159 82.0 115.0 - -
E ® nsere LD &0 B 10 1.270 1.27 1.154 1.473 08.2 138.7 - -
CRSNG ti — 11 1.410 1.56 1.500 1.700 105.8 160.0 - - 8
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A. Reinforcing Bars

Characteristics of FRP Reinforcement:
o Polymer resin matrix relatively weak: J
* Bondforce is transferred through resin to fibers. s
* Shearresistance is considered relatively weak (~60%).
o Low compressive strength of FRP:
* Design contribution of FRP reinforcement to resist compression is
fotrecommended-ignored.
o Modulus of elasticity is low:
* Due to lower stiffness (6.5 msi & 8.7 msi), serviceability often
controls the design.
o Creep-rupture threshold is low (25% 30% f):
 Sustained high tension can cause fibers to fail after a period of time
* GFRPis considered more susceptible than CFRP (70% f,).

nserec LD & -
EQGBSNG MIAMI Ef ‘F%“Oﬁ 9
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A. Reinforcing Bars ‘o

. o : . J.P.Busel - ACMA P tati
Chara ctel’IStICS Of FRP Relnfo rcement_; FiberL::inforced Poﬁrsrz: ?I;;rll’} C.pf:nposites Rebar

o Linear Elastic to Failure £ 7] Tampa, Florida-July 17,2012
o NoYielding (but higher strain at 60 ksi) %
o Higher Ultimate Strength 7
o Lower Strain at Failure %
Bar | Yield strength f, or tensile | Modulus of elasticity, -
type strength f5,, ksi ksi
Steel 60 29.000
GFRP |(Type 0) 80 to 120 6660 6,500
AFRP ([[ype T~ 105 to 150 2660~ 8,700
CFRP ([Type 1I)-36¢ 22:600 22,480
From ASH446-1R-15FDOT Spec 932-4, ASTM D7957 & D8505 0 1 2 3

Tensile Strain (%)

nserc I *
EQGBSNG MIAMI ﬁ; ‘F%“Oﬁ 10
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A. Reinforcing Bars

FRP Bar Mechanical Characteristics Influenced By:
Pre-Construction
o Manufacturing Process (FDOT MM Chapter 12.1)
o Rate of Curing
o Quality and Quantity of Constituents

Construction and Post-Construction

o Moisture (current limitation on BFRP in submerged
marine environments. See FRPG 2.1)

o Ultraviolet Exposure (Spec. 416 limits on exposure)
o Elevated Temperature (Fire < T,)
o Alkaline, Acidic, Saline Solutions (C.=0.70)

nNserc [ * :
E ® GBSNG MIAMI ﬁ ED"’,—'—‘Oﬁ ‘I ‘I
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A. Reinforcing Bars
Characteristics of FRP Reinforcement:

o Endurance time in fire or elevated temperature less than for steel for

anchorage zones (ACI 440-H is working on criteria):
* Reinforcement type, aggregate type, and concrete cover will influence fire

performance
* Tensile, compressive, and shear properties of the resin material diminish as

temperature approaches the glass transition temp. (Tg)

Property Test Method Requirement
- Q
Glass Transition ASTM El::[} (DMA) =230°F
Temperature (Tg) ASTM E1356 (DSC) >212°F

ans“ N Ffooﬁ https://www.fdot.gov/programmanagement/specs.shtm 12
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A. Reinforcing Bars
Characteristics of FRP Reinforcement:

o Life cycle costs tikety-lower where steel corrosion is a concern (see HRB).

o SCMs (HRPs) for corrosion protection are mmay not be needed:
* Silica Fume e Ultrafine Fly Ash
* Metakaolin +CsleigmNitrite
o TIransportation costs are lower
and handling easier for FRP
due to light weight (~25%).

o Concrete cover reduction is
allowed (see FRPG Table 2.2).

] Oz L2 ¢ PO
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A. Reinforcing Bars

Bent Bars Characteristics:
o FRPis pultruded from thermoset resin (viable thermoplastic resins

are emerging)

o FRPis fabricated with bends (thermoplastic and olefin resin will
allow controlled thermal bending — NCHRP IDEA-207 validated this):
 Sharp bends can be manufactured, but avoided due to potentlal low stress

failure.
* Bend Radius/ Bar Diameter = 3.
* TailLength =12 x Bar Diameter.
Field bending not permitted.

O Bevetoﬁmeﬁfal—BesrgﬁStandard
Plan Index 415-010 B214310 Bar Bending Detalls

] e 2 & FROT y
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https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=4654
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/design/standardplans/2025/idx/415-010.pdf?sfvrsn=594ffa8e_1
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A. Reinforcing Bars

From DevetopmentatDesign-Standard Plans Index B21310 415-010:
(renumbering to match steel bar bending Index)

Al
C ARC = &
5 R ﬁ G U| = [}
‘ ‘ /—l—\ o
U _J
_ 1 8 B
No. of Laps = N .
TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPE 10 TYPE 11

‘ - |A ar G ‘ -]
vell Yrr, i’: l .....
A \ d| = DZ E) o d 9
a N 3 g I I
QE N g N L) £ !g / ; | 5 @ EZ:] a 180° 90°
I_,__I B i 90° HOOKS
AOR G

BAR D 180° HO
TYPE 17 TYPE 23 SIZE A OR G J
TYPE 12 TYFPE 13 TYPE 14 TYPE 15 #3 e .

. o

6 4 8"

_ #5 7 5 10"

r‘—“l Spiral #6 41" g 6" 1-0"

S #7 5l 10" Iz 72"

B o #8 6" i g 1-q

‘(/" rrrrr i 3
® utside Core
iameter

R=C
TYPE 24 TYPE 39
B—— v
b WCBSNG MIAMI L' I:}"U-I \) 15
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Standard Plans Instructions

Topic No. 825-010-003

Index 415-010 Bar Bending Details (FRF) FY 2024-25
R ° f ° B Design Aids
A. Reinforcing Bars
TYPE 1D TrRE 10
5 i
‘ TYRE I TYPE | I.3F; Min, 1.3ty Min
L GETAILING DIM. N .
C lex Sh : ‘ g
o m p ex a pes ° LAPFED STRAIGHT BARS (TYFPE 2) TYPE 1
TYRE 10 TYFE 10 DETAILING DIM,
l L] = -
LONG LEG U SHAPE
Frer
e TYPE 10
- - . I
. 1.3 Min
®e - -
— | \ +
3‘” T e
— L3 Min
TYPE N TYPE 100
TYPE 5 TYPE 5 OPEN STIRRUP 1
E . Z BAR SHAPE
7 1 TYPE 14— — TYPE 14
b= ' /,.:‘_\ y T¥PE 1T fm L3l Mim. TYPE 11
+ . .
—_—
¥ .
I i
s =
El';‘l. - T ) 1 -
™ ey . : _/ \ 4
[ —
™ M|.= TYPE & 1.3t, Min
- ™= : OPEN STIRRUFP 2 - . )
CLOSED STIRRUF 1
TYPE 17 TYPE 17
+ [ .38, Min TY¥PE |7
, J\ 3 ™ = : =
(\j {}__\_ - ,
o f f ".\ . —.__/I
Fi
o T¥PE 17 L.3t; Min
Optional Closed et
Slgr Configuration 1 CLOSED STIRRUP 2
{Shown Dashed)
Tree OTE: See D 'A D415-010 F
- NOTE: See Developmental Standard D4§5-010 far
NSERC l_j ﬁ FDOTI } OPEN STIRRUP 3 referenced Single Bar Bending Types.
CRSNG MIAMI | ——— 16
TYP. COMPOSITE SHAPES
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A. Reinforcing Bars
Cost Comparison (Installed Price)

Average Unit Costs FDOT Structures Manual for BDR

Bar Nominal HRB (3-bids) / Cost Estimating /

R GF;I;B;rS GF?Olezars Grade 60 Steel Stainless-Steel
#4 0.500” $1.18/LF $1.90/LF $6-661.11/LF | $2-725.25/LF
#9 0.625” $1.37/LF $2.29/LF $6:941.74/LF | $4198.09/LF
#6 0.750” $1.55/LF $2.71/LF $+352.51/LF | $5:9811.54/LF
#8 1.000” $2.54/LF $4.04/ LF $2406 4.45/LF | $16-74 20.73 / 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**$4-066 / b for all bar sizes.

B Qe L g oo™ 7
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A. Reinforcing Bars
Flexural Strength Design Philosophy
Steel Reinforced Concrete Design
o Tension-Controlled Behavior
o Yielding of Steel Prior to Concrete Crushing Provides Ductility and

Warning of Distress through extensive cracking and deformation
¢y

FRP Reinforced Concrete Design 07 S~

0.55

o Tension-Controlled Behavior Compression —

Lo | ion-
Controlled i Transition Controlled

* FRP Rupture (phi=0.55) D) | (GFRY Raprr

o Compression-Controlled Behavior '
* Concrete Crushing prior to FRP Rupture (phi =665 0.75)

o Margin of Safety is Higher than for Steel Reinforced Design
B @z 2 g oo™ ;
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A. Reinforcing Bars

Desigh Assumptions

O
O

O O O O O

Plane sections remain plane

Flexural strength using equivalent rectangular concrete stress
distribution

Compressive strain in concrete assumed to be 0.003

Tensile strength of concrete is ignored

Perfect bond exists between concrete and FRP reinforcement
Tensile behavior of FRP reinforcement is linear elastic until failure
Compressive strength of FRP reinforcementis ignored

S5 [kt Ve i
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B. FDOT Research

Research and field implementation of FRP materials is ongoing
and desigh recommendations continue to evolve and improved.

m

Nov. 2018 Performance Evaluation of GFRP Reinforcing Bars EAMU-FSU BDV30 977-18

Embedded in Concrete Under Aggressive Environments Kampmann

Degradation Mechanisms and Service Life Estimation of

April 2019 FRP Concrete Reinforcements A. El Safty UNF BDV34 977-05
YA PoII\D/(:rr\feorrgiglcj Is\e/?ri?j:ci:?nngogaissEar: t!:eizzzlzeiLn?(::\i?ete Kamsrfann FAMU-FSU BVD30 986-01
April 2022 Epoxy Dowel Pile Splice Evaluation with FRP Bars A. Mehrabi FIU BDV29 977-52
bec. 2020 ;Srz?cienr:(:?;nsécj eclosrfzgfesginr((j;_ri?’t}ta?iérlz;gzace;ert(:t]i?rzps) Roddz/rl{berry FAMU-FSU B?I;/:;?o?z Z:)27
[ oronony e s bt Mol spetstonstor | & parsy o
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http://www.fdot.gov/structures/innovation/FRP.shtm
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
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B. FDOT Research - Completed and In-progress

Research and field implementation of FRP
materials is ongoing and expanding...

m
n Date

08/29/2022 Development of GFRP Reinforced Single Slope Bridge Rail G. Consolazio BDV31977-110

Evaluation of Glass Fiber Reinforced Polymers (GFRP)

2R P0PE Spirals in Corrosion Resistant Concrete Piles >-Jung FAMU-FSU BDV30977-27
Feb. 2025 FSBs With Stainless .Steel Strands and GFRP Shear M. FAMU-FSU BED30 977-09
Reinforcement Roddenberry
Waterline Pile Cap Footings for Bridges using Large
April 2025  Diameter FRP Reinforcing — Material Characterization and A. Nanni UM BEE76 977-01
Design
HRB Extraction and Physio-Mechanical Testing of FRP
May 2025 Reinforcing Bars from 5-year-old Seawater Concrete Test F. De Caso UM BEE76 977-02
Blocks on Halls River Bridge Bulkhead 21
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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
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C. FDOT Structures Manual

Topic Mo. 625-020-018 ) jgn Office January 2017

ctures Desig
FDOT S e No: 625-020-018
*.llggag 5 o
=3

°Eaa
:*53;‘3 - RTATION

5

FDOT STRUCTURES MANUAL

Volume 1 - Structures Design Guidelines
Volume 2 - Structures Detailing Manual
Volume 3 - FDOT Modifications to LRFDLTS-1

Viglumiz & - Fiper Rein®rcad Folyrner Guidelines

FDOT Design Criteria for FRP:

Vol. 1-SDG

o Bearing Piles-3.5

o Fender Systems-3.14

o Structural FRC-3.17

o BDRCost Estimating—-9.2
o Bearing Piles

o SheetPile

Vol. 2-SDM

o FenderSystems-24

Vol. 4 - FRPG
Reinforcing Bars - 2
Strands -3

Strengthening -4
Pultruded Shapes -5
VIP Shapes -6

Thermoplastic Shapes -7

O O O O O O

22


http://cici.um-sml.com/
http://www.fdot.gov/structures

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

C. FDOT Structures Manual

FDOT Design Criteria for using FRP Composites:

The Structures Manual implements basic design
guidelines for FRP composites in specific
applications.

As is the case with all structural materials, the
engineer must practice the appropriate standard

of care when designing components using FRP
composites.

S [WEFRS e
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C. FDOT Structures Manual

Volume 4 - Fiber Reinforced Polymer Guidelines (FRPG)

Unless otherwise stated within the FRPG, the use of FRP composites
requires approval of the State Structures Design Office.

Obtain concept approval before proceeding with any design effort.

After concept is approved, submit the design to the State Structures
Design Office for review.

FDM 121.3.2: “Any component designed using Fiber Reinforced
Polymer (FRP) composite materials except components in the
Standard Plans”is designated as Category 2 Structure.

] 2emme I & FOT

24
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C. FDOT Structures Manual

Volume 4 - Fiber Reinforced Polymer Guidelines (FRPG) -
Section 2: Permitted use wherrapproved-bythe SSbE:

o Approach Slabs o Retaining Walls, Noise Walls,

o Bridge Decks & Bridge Overlays Perimeter Walls

o Cast-in-Place Flat Slab e—traffic Rattings
Superstructure o Pedestrian/Bicycle Railings

o Pile Bent Caps notindirect o Bulkheads and Bulkhead
contactwith-water Copings

o Pile Jackets o MSE Wall Panels and Copings

o Pier Columns and Capsnretin O Drainage Structures
clrestrea e eyt irater o Dowel Bars for Exp. Joints

E ® neenc LI fi; root Note: Otherlocations will be considered on a case-by-case basis.

CRSNG o5
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C. FDOT Structures Manual

FDOT Structures Manual - Vol. 4 FRPG 2.3
Concrete Cover Requirements in Extremely Aggressive Environments

_ quiromen ecuiremen
Component : ]
Requirements | Requirements

External Surface Cast Against Earth 3in. 4.5 In.
Box Culverts 252in. 3in.
C.l.P. Cantilever Retaining Walls 25 2in. 3in.
MSE Walls 2 1.51n. 3in.
Bulkheads and Sheet Pile Caps 3-21in. 41in.

See FDOT Structures Manual for cover requirements for other components.
E Qé’ﬁ:ﬁ% I g FDOTY http://www.fdot.gov/structures
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

C. FDOT Structures Manual

GFRP/CFRP Reinforcing Bars - Section 2 - Design Criteria

Design concrete members with FRP reinforcement according to:
o AASHTO LRFD Br/dge DeSIgn Guide SpeCIf/catlons for GFRP-Reinforced Concrete ACH40+1

=2 A = ) ~ ::.2-_ I~ s 1 1) 1) ~
." O . : al G O U ' O ¥, O1d U U 'VV | ) C

o AASHTO Guide SpeCIf/cat/on for the DeSIgn of Concrete Brldge Beams Prestressed with CFRP
Systems. #

Design Bridge Decks according to:
O AASHTO LRFD Bridge Design Guide Specifications for GFRP-Reinforced Concrete Bridge
Decks-and-Tfraffic Raitings (2"° Edition)

Use FRP Mechanical Properties per FDOT Section 932-4.

B uzme 2 ¢ FRoT) 27
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Comparison of Rebar Qty. — Bridge Deck Example A

BARS 4v [’TYFI'.)

5503 SPA. BTWN 5502
BARS 45 (TYP.) I 5507 (OVER INT. BENTS) (TYP.)
5504 & 5505‘ /_— Gk rz;g" CLR. (TOP) / 5504 & 5505

—_——

-

¢ BEAM IR T—z" CLR. (BOT.
| wor) )| ¢ BEAM 3R ¢ BEAM 4R
¢ BEAM 2R

FIB-36 (TYP.)
4s (BOT.), av & 4° 200" 150" ~PEAM End Span
(INDEX 521-427)
END OF DECK .
f [/ LEFT COPING | /7(]'”)') /—@ BEAM I-1R | ‘

LEGEND (Relative Areas):

Empirical: #5's @ 12"
1. Top & Bott./Each Way é 49%
Link Slab: #5's @ 6"

— 2. Top Longritudinal Bars é 1 5%

oy
L
@ Cantilever: #5's @ 4"
z . —.—.— -4 3. Top Transverse Bars < 28%
)
=
= .
g . Link Slab + Overhang é 8%
o B .
o o« Thickened Ends: #5's @
i) PR S —
gl T T &l 4" Top & Bot. Bars é Ignore <2%
= (TYP) 4'4°4°  (TYP.)
| i O A S il
i = ST T T """ 5507 (ToP) X
A e______________| f
: THICKENED END SLAB (TYP.) (2 B e § 5505 {TOP)
f e e ss04 (r0n/E NANRANCS
i RIGHT GUTTER
——-—-—- ]Eii ,,,,,,, N
L

T
\ . [ -
RIGHT COPING TRAFFIC RAILING RIGHT COPING LINE /
(36" SINGLE SLOPE) LIGHT POLE

INDEX 521-427)(TYP, TOFP OVERHANG REINFORCING LAYOUT
f JTYE) mgif(rgér ceo) (30T REINFORCING O SHCIN)
- 3 - (RIGHT COPING SHOWN
A NSERC LJ l 85-5507 @ I'-0 MAX. (TOP) ,}_ (SEE SPAN 2) LEFT COPING SIMILAR) 28
)

o~
] g}—,- L ED - [l 1A 85-5507 @ 1'-0" MAX. (BOT.) | (SEE SPAN 2)

N—iA-CI- 111 L —
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Comparison of Rebar Qty. — Bridge Deck Example A

BARS 4v [’TYFI'.)

5503 SPA. BTWN 5502
BARS 45 (TYP.) oL RICHT 5507 (OVER INT. BENTS) (TYP.)
5504 & 5505‘ /_— G.L. rzzfg' CLR. (TOP) / ,
1 1 - :

—_——

-

1 [
¢ BEAM IR T—2 CLR. (BOT.) ¢ BEAM 3R

¢ BEAM 2R

“

GINT. BENT 2R

Interior Span I A W2\ N T

(Relative AreaS): LEGEND: L - AN U |
35% 9 1 Empgi%alﬁgs h@V\112 a5 (INDEX 450.036) /L_@ B 550 90°0000" (rvp.;%

* Top & Bot./Each Way = e

30% —> | 9 LnkSkba#ss@s’ _' 2 A S ——

Top Longitudinal Bars
1 9% 9 3 Overhang: A #5's @

* Top Transvers

16% > . AN W __;f_;f_’_f_’:_’:;_7_’__7_’_?_’:_’:;3{_’_?_’:_’:;j_;f_’_i;i’_f_’_f_’:_’:_’j‘
Lnk@ 2 { ¢ BEAM 2-4R ‘

¢ BEAM 2-5R

B = A8 2 S—

[ TRAFFIC RAILING

LIGHT POLE PEDESTAL (36" SINGLE SLOPE) |
(INDEX 521-660) o ) (INDEX 521-427) (TYP.) i

P D 2emme Y £ FDOT 29
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Comparison of Rebar Qty. — Bridge Deck Example A

Convention CS-RC (ASTM A615): GFRP-RC (ASTM D8505-23):

* Thickness =8” * Thickness =77 > 4,,=-12%; A, 4, = -15%

* Concrete Cover =27 * Concrete Cover=1"

* Flexural Depth (#5’s)d =5.7" * Flexural Depth (#5’s)d =5.7"

 Empirical (AAsHTO-BDS): Bottom layers ¢ Empirical (AASHTO-GSG): ©~ Bottom
=#5’s @ 73.8”(0.27in%/ft); Top layers transverse layer = #5s @ 6.5 (0.83%)
=#4’s @ 13.3” (0.18 in?/ft) Other 3-layers =#5s @ 127 (0.35%)

« Empirical (Foom): #5’s @ 12” * Total Rebar: A, = 1.50 in?/ft? deck)

* Total Rebar (aasHT0): A= 0.90 in?/ft?; 3 jﬁ:z 5‘:32’;’}0) ::2617 z//;’ jwefghf:_'gg;f’

weight

(FDOT): A= 1.24 in?/ ft?

H BA
BARS 23 A BTWN 5502
/ 7 (OVER NiT. BENTS) (TYP.)
/, 5504 & 5505|’, P.G.L. RIGHT 214" CLR. (TOP)
/ y | /J 5504 & 5505 —
[ ; | N
T — v L T =

|
‘ 5 NSERC L.J EE o S j[ﬁ e j(t_:i BEAM 3R _‘Lﬁ‘CJ@ BES 4R -
i LI DL L — L@ . BEAM 2R LD & 4 30
‘1.“3 | 1C P \ F18-36 (TYP.) ¢ sean

AT

(INDEX 450-036)
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Comparison of Rebar Qty. — Bridge Deck Example A

Convention CS-RC (ASTM A615): GFRP-RC (ASTM D8505-23):

* Thickness =8” * Thickness=7" 2D, ,=-12%; D, g, = -15%

* Concrete Cover=2" e Concrete Cover=1"”

* Flexural Depth (#5’s) d =5.7” * Flexural Depth (#5’s) d =5.7”

* Empirical: (aasHTO): Bottom layers = #5’s @ * Empirical (FDOT/AASHTO-GSG): “ “Bottom
13.87 (0.27in%ft); TOp transverse = #4’s @ transverse = #5’s @ 6.5” (0.83% = 0.57in?);
13.3” (0.18 in?/ft); + Top long. = #5’s @ 67 (0.62 in%/ft) Other 2-layers =#5’s @ 12” (0.35% = 0.31 in?);

* Empirical: (FDoT): 3-layers @ #5’s @ 12” +Top long. =#5's @ 67 (0.62in/m)

(0.31 in?/ft); * Total Rebar: A, = 1.87 in?/ft?
. - A (AASHTO)=+35%; A . . =-66 %
. — 2 2 vol. » “weight
* Total Rebar (aasHT0): A, 1.34.1n / ft S A, (FDOT) =+17%; A, =-71%
(FDoT): A= 1.55 in?/ ft2 M AAAAAA Vot welent
Ly TSOA&SSDS\'f: ! r21/2 CLR. (TOP) /,F [ _ 5504 & 5503 o 7@—

° ° : . ; 1 ! ) : |
Link-Slab Section [ sea 1a 2& I == ‘
¢ BEAM 2R ; ;
ssssss (TYP.)
DEX 4;0—036 ¢ BEAM 5R

[ S szme W - FDOTY

AT

31
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Comparison of Rebar Qty. — Bridge Deck Example A

Convention CS-RC (ASTM A615):

End Span Bridge Deck - Example A

Thickness =8”
Concrete Cover =2”
Flexural Depth (#5’s) d =5.7”

Empirical (AAsHTO-BDS): 2~Bot. layers = #5’s @
13.8” (0.27in%/ft); Top long. = #4’s @ 13.3” (0.18
in2/ft); Top transv. = #4’s + #5°s @ 47 (0.82 in?/ft).

Empirical (Fpor): 3-layers #5’s @ 12”
in2/ft); Top Tranv. = #5’s @ 47(0.93 in?/ft).

Total Rebar (aasH10): A .= 1.54 in?/ft;
(FpOT): A= 1.86 in?/ ft2.

(0.31

'——\ BARS 4V (TYP.)
J BABS 45 (TYP)
[

GFRP-RC (ASTM D8505-23):

> A
> A

Thickness = 77 2 A, =88%; A, = 85%
Concrete Cover=1"

Flexural Depth (#5’s) d =5.7”

Empirical (AASHTO-GSG): Bot. * transv. =

#5°s @ 6.5” (>0.83% =0.57in?); 2~long. layers =
#5’s @ 127 (>0.35% =0.31 in?); TOp transv. =
#5°s @ 47 (0.93 in¥/ft).

Total Rebar: A, =2.12 in?/ft?> deck)
(AASHTO) = +38%; A, ... = -66 %
(FDOT) =+14%; Awe,-ght

volume

volume

="

[ '/ — 5504 & 5505| / -Y.G.L. RIGHT

SPA. BTWN 5502
ENTS) (TYP.)
505 \
3
=5

*Minimum bar size and spacing governs
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Comparison of Rebar Qty. — Bridge Deck Example A

Convention CS-RC (ASTM A615): GFRP-RC (ASTM D8505-23):

e Thickness = 8” * Thickness = 7" 2 A, =-12%; g =-15%

e Concrete Cover = 2” * Concrete Cover=1"~

* Flexural Depth (#5’s)d = 5.7” * Flexural Depth (#5’s)d =5.7"

* Empirical Overhang + Link-Slab (AAsHTO-BDS): * Empirical Overhang + Link-Slab (AASHTO-GSG):
“ Bot. ““ transv. =#5’s @ 6.5” (>0.83% = 0.57in?); Bot.

2~Bot. layers = #5’s @ 13.87 (0.27in%rt);
_Top transv. = #4’s + long. = #5’s @ 12” izo.35% 0.31 m2i, Toi transv. =

#5’s @ 4” (0.82in%/ft). #5's @ 47 (0.93in%/1

° . = iN2 /f+2
* Empirical-Link (FDOT): 2~Bot. layers #5’s @ 12” Tc;taél‘ Reba(;;q/s\’;_,rg)' fi;’;gt Zeck)

(0.31in%ft); Top Tranv. = #5°s @ 47(0.93in%/1t). TOP. > A (FDOT) =+24%; A
long. = #5’s @ 6”(0.62 in?/ft).

 Total Rebar (AAasHTO): A .= 1.82 in?/ft3; T U A > /'{fosﬂéﬁﬁf%_f%"frsiifﬂj
FpoT): A,=2.17in?/ ft. [ = = = = ]
( ) S j' { BEAY 1) ztg L2 cir (su%‘j EEEEEE 2§ - &W
. ¢ BEAM 2R CA
Overhangs @ Link-Slab

[ ez I & FOOT .

-67 %
-69 %

volume We/ght

volume We/ght
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Comparison of Rebar Qty. — Bridge Deck Example A

Convention CS-RC (ASTM A615): GFRP-RC (ASTM D8505-23):

« Example A (End Span Rebar) * Example A (End Span Rebar)
* Empirical (AASHTO): As=0.49*0.90 + * Empirical (both): As=0.49*1.50 +
0.15%1.34 +0.28*1.54 +0.08*1.82 = 0.15%1.871 + 0.28%2.12 + 0.08*2.69 =
1.22 in?/ ft2 1.82 in?/ ft2
* Empirical (FDOT): A,=0.49%1.24 +
0.15%1.55 + 0.28%1.86 + 0.08*2.17 =
1.53 in?/ ft2

Concrete =2 A
Rebar =2 A

(AASHTO) = -12%; A, ... = -15% for GFRP-RC
(AASHTO) = +49%; A= -63 %.
votume (FDOT)  =+19%; A, =70 %.

vol.

volume

l . 34
Nef? ATIVE o ~| s
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Comparison of Rebar Qty. — Pile Bent Cap Example

FDO 2022 Webinar Series

-
. = SYMPOSIUIVI

GFRP Reinforced Concrete Design
for Pile Bent Caps

Steven Nolan, P.E. — State Structures Design Office
October 19, 2022 '

10/20/2022 G.FRP Reinforced Concrete Design for
Pile Bent Caps

S [l =T

Presentation

35
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https://www.gotostage.com/channel/5f598fa79fb84067b1a7bd573efabcf1/recording/a0cf5721a73241bdb6a22101dcbf7a69/watch?source=CHANNEL

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Comparison of Rebar Qty. — Pile Bent Cap Summary

« Comparison of different design alternates for 5-piles @ 9-ft spacing (Example 1) - Higher
Modulus GFRP Rebar (Ef =6,500 psi to 8,700 psi for future enhancements to ASTM D7957)

GFRP-RC (Type 0) GFRP-RC
Rebar Location 3-ft Deep Cap 3-ft Deep Cap
(Ef= 6,500 ksi) (Ef= 7,250 ksi)
6~ #8's 7~ #7's 6~ #7's
SEIB = ASUIEL ] (A, =4.7 in?) (A, =4.2in?) (A, =3.6n?)
Bars D & E - Flexural 8 ~ #8’s 7~ #8's 6~ #8's
Bottom (A;=6.3in?) (A;=5.5in?) (A;=4.7 in?)
: 4-legs #5 at 11" sp. 4-legs #5 at 13" sp. 4-legs #4 at 10" sp.
SEIBVEIS SIS (A, = 1.4 in/ft) (A, = 1.1 in2/ft) (A, = 1.0 in/ft)
!{ :"_" > A | l AI/B‘”C V1 ITZI Vi I"Zl\li V4 | Vs

> bl

tl
- —Fa S -
| :tSpam ./ ) '
< L I —
s [
S|

hear Stirrups

: ' ]
E 6' SECTION A A m Bars D ‘ I || \C B |

I
|
|
|
['] |
T L O T A R A B B N R [N
III
|
|

m||||bi | .

| | | O
T
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Comparison of Rebar Qty. — Pile Bent Cap Summary

« Comparison of different design alternates for 5-piles @ 9-ft spacing (Example 1)

- A
Rebar Location GF: I;t RDC (Tycp 20 volume
-ftbeep Lap Type 0 or (Type IlI)

6~ #8’s . 0 6 ~ #6’s
Bars A - Flexural Top (A = 4.7 in?) +80% or (+38%) (A, = 2.6n?)
Bars D & E - Flexural 8~ #8's . . 7~ #7’s
Bottom (A = 6.3in2) PRl @ (A2 (A, =4.2in2)
Bars V3 - Shear Stirrups ARG EB L 5 +75% or (+25%) REBERES I £

(A, = 1.4 in?/ft) (A, =0.8in?)

/ —-—————

|
t [
T

tl : :
'v :}: 2 / Bars A % Bars B !
| I Spagin v . : i

("' fo ||7 L S
Shear Stme . : ::::::::::::::::: P :::::::l.l:::::
SECI;‘IONA-A s N\ o HJJ LLH | | HJl |

a®a%igq!& BASFROT 7

hoaorl e

* A

I
| Bars C (V1 ,v:, Vva I\'ZI\'ii V4 VE
|
|
|

g___
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Construction: Example Projects & Lessons Learned

Projects with Fast-Facts Sheet Upcoming Bridge and Seawall Projects

jg::’tANOEE over E{Q '?clja”g Gap ((g;))—’"'house Design. » D2: US1/King St over San Sebastian River (437428-1)

ve over Flaclido bayou

Arthur Drive over Lynn Haven Bayou (D3) o D2:St. Augustine A1A/Avenida Menendez Seawall replacement (428271-2)
Bakers Haulover Cut Bulkhead Replacement (D6) .

Bimini Dr Bridge on Duck Key (D6) * D2: CR 357 over Shired Creek (437402-1)

Cedar Key Bulkhead Rehab (02) e D3: CR30A over Western Lake (443331-1)

Halls River Bridge (D7) - In-house Design.

Key West Bight Ferry Terminal Extension (D7) * D3: CR30B/Indian Lagoon (441185-2)

NE 239 A bis W. D6

PortMiamVieTS\rﬁrel I;Zta?r:iizv\?v\;lis ()De)  D3: CR 372/Surf Road over Otter Creek Rise (442951-1)

South Maydell Dr over Palm River (D7) . . i i _

SR-A1A Flogler Beach Seawall (Segment 3, (DS) D4: US 1/Jupiter Federal Observation Platform (428400-2)

SR-A1A over Myrtle Creek andw& (D2) * D4: SR-A1A North Causeway Bridge Observation Platform (429936-2)
SR-5 (US-17) over Trout River (D2) . .

SR-5 (US 41) over Morning Star and Sunset Water.vfag@ p1) * DA4: 17t St/Indian River, East End-Vero (446106-2)

oy o 4ﬁt)J§je'r”,$;rtfg)reek o) *s, * D4:SR5/US 1 Over Earman River (442891-1) — In-house Design.

SR 112/1-195 Over Westshore Waterway (D5) A D5: SR-A1A Seawalls - Flagler Beach & Nth Volusia Co. (452443-1 & 452444-1)
SR-312 over Matanzas River (D2)

SR-520 over Indian River Bulkhead Rehab (D5) * D5: Barracuda Blvd New Smyrna (437935-1) — In-house Design.
Sunshine Skyway Seawall Rehabilitation (D7) o . B

UM Innovation Bridae D5: 5th Street over Yacht Club Cut (437936-1)

m IF?)te kaidfie * D5: US1 over Pellicer Ck (447118-1)

oC
US-1 over Cow Key Channel (D8) * D6: FKOSH Bridge Replacement... (448206-1 & (448207-1)

Eﬁbz{sﬁz LJ £ FDOTY a8
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https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430500-1.pdf?sfvrsn=3ecc5549_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-443600-1.pdf?sfvrsn=8a3d9961_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430463-1.pdf?sfvrsn=69d269c_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-433378-1.pdf?sfvrsn=251664bd_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-biminidr.pdf?sfvrsn=bcd1e427_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-432194-1.pdf?sfvrsn=dace9199_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430021-1.pdf?sfvrsn=284640a9_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-430463-1.pdf?sfvrsn=69d269c_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-412194-1.pdf?sfvrsn=d4423dd5_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-434359-1.pdf?sfvrsn=175168c2_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-251156-3.pdf?sfvrsn=b8f6d082_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-maydell-dr.pdf?sfvrsn=87512c98_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts-440557-7.pdf?sfvrsn=73e5bc6a_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/fastfacts-434042-1.pdf?sfvrsn=f56f37fe_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/fastfacts-434041-1.pdf?sfvrsn=269f97e0_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-426169-1.pdf?sfvrsn=52a7099a_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-426169-1.pdf?sfvrsn=52a7099a_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-435390-1.pdf?sfvrsn=7f740ba8_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-435815-1.pdf?sfvrsn=2832a310_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-433550-3.pdf?sfvrsn=2406c6e3_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-441967-1.pdf?sfvrsn=ee33221_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-428229-1.pdf?sfvrsn=fa5a8805_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-440969-1.pdf?sfvrsn=666f799a_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-437973-1.pdf?sfvrsn=deb56bfe_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-innovationbridge-um.pdf?sfvrsn=ffbf5260_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-fatebridge-um.pdf?sfvrsn=a55d3a69_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-i-dock.pdf?sfvrsn=86971c8d_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/fastfacts/fastfacts-441740-1.pdf?sfvrsn=3ad8ac17_2
https://nflroads.com/ProjectDetails.aspx?p=5461
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&WPITEM=437428&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://nflroads.com/ProjectDetails.aspx?p=5612
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=428271&WPITMSEG=2&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
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=437402&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&WPITEM=446106&WPITMSEG=2&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/structures/innovation/frp/fastfacts-442891-1.pdf?sfvrsn=ca9035e_1
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
https://www.cflroads.com/project/452443-1
https://www.cflroads.com/project/452444-1
https://fdotwp2.dot.state.fl.us/ibi_apps/WFServlet?FSRV=MVS&IBIF_focexec=DRIVER&ABRA=O&IBIF_parms=FOCLIB=PPDFM&FOCPGM=CRRINQ01&WPITEM=437935&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://dotscomrep.dot.state.fl.us/ibi_apps/WFServlet.ibfs?IBFS1_action=runItem&IBFS_path=IBFS:/EDA/WFRS_WIN/owpb-p/CRRINQ01&WPITEM=437936&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
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=447118&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
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=448206&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
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=448207&WPITMSEG=1&VER=G1&SITS=ON&SLOC=ON&SPSM=ON&SPHS=ON&SLFA=ON&SFED=ON&SCON=ON&IC=NO&RV=T1
https://www.fdot.gov/structures/innovation/FRP.shtm#link9

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Future Construction: D2 Example Projects

* US1/King St over San Sebastian e St. Augustine A1A/Avenida Menendez
River (437428-1) Seawall Replacement (428271-2

248'-0" CONTINUOUS TOPPING WITH SIMPLE SPAN BEAMS

(OVERALL BRIDGE LENGTH)
- | - - | 520l Figure 2 - Proposed Bulkhead Typical Section
SPAN 1 SPAN 2 SPAN 3 SPAN 4 Al
l~—— END APPROACH SLAB ¢ INTER. e @ INTER. ¢ INTER l—
& BEGIN BRIDGE BENT 2 BENT 3 BENT 4
TRAFFIC RAILING - SPECIAL LIGHT POLE
42" NON-STANDARD PEDESTAL-BRIDGE (TYP.) I 1 T 1 1 T 1
ARCHITECTURAL (TYP.) | | . . N
£ £J | | | | |
___________ = == = == == ——— e === Dl S — JONCRETE |PAVEMENT /SIDEWALK <|
=G MHW EL +1.75 El]E E[JE CONCRETE SIDEWALK| \
- o MLW EL 271 /_ !
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(rve) CLEARANCE ‘ﬁj\'f’ 1 : —
bl = LME=4.877 J\ = —={ EXISTING GROUNDLINE M- |
MVC TO MHW=3-1%" il 1 ’\_ m ALONG SOUTH COPING [
18" FLORIDA SLAB BEAM i = GAOUTED S0IL
ELEVATION EXISTING GROUNDLINE |
(INDEX 450-453) (TYP.) ALONA £ FANCST KINA €T I_ ANCHORS |
| | L !
4 l 4
56'-2" (COPING TO COPING) + + 4 I—— + .
-7 10-6" SWK N 18'-0" N 18-0" . 6'-6" SWK -7 Exrsr“ﬁ SHEET' L — o S
'\ﬁ TRAFFIC RAILING | [ ‘ TRAFFIC RAILING —1/ 1 ! 1 [ | T
E 76 ~ 5502 @ 9+ 3 | A | 1§5CD
‘ . (PAIRED WITH 4503 ONLY AT BEGIN/END BRIDGE) ~ P % E
z 13~ 5506 @ 11%'+ = 117" Ex I 3| 9~5506@ 1% || 3 : 4
TRAFFIC RAILING — 6% CILP. TOPPING (THICKNESS { CONST. KING ST =77 | | | ks
42" NON-STANDARD VARIES, 6" MIN. AFTER PLANING PER RT GUTTER - TRAFFIC RAILING i
ARCHITECTURAL (TYP.} CONSTRUCTION JOINT (‘”p' FDOT SPECIFICATIONS SECTION 400) ! [ N T : T E i 4
LT GUITER = TRAFEIC RAILING O 500 o8 = ; PROPOSED SECTION - AYENIDA MENENDEZ
LT COPING SLOPE: SEE DETAI 5502 @ 9"+ S ( !
002 FT/FT T 492 Sevey " sLopE: 2% CLR. ¢ oo, RT SW GUTTER SLOPE: || f EXISTING
as10 N 0.02 FT/FT f FEP MY 002 FT/eT 0.02 FT/FT PROPOSED
4504 (PAIRED \ LT SW GUTTER el — E -
BARS 5501) —900 — — — — L M ————— ¥ T = ree L
AT BOTH COPINGS) —— (_I \ U [:] U | | QQJ | q
IYP. SPANS 1 AND 4) OR i W 4509 L ‘ PA[IRED 5505 BARS @ 6"+ / ‘
IYP. SPANS 2 AND 3) . . (PAIRED WITH FSB BARS 5E)
T BOTH COPINGS) —/ 1l (TYP) 1495 ~ 4507, 4509, AND L LOR 1Dy, StAB BEAN (TYP. BETWEEN EACH FSG) 496 ~ 4
4510 @ &'+ = 247'-2" (INDEX 450-453) (TYP.) 455’ @

“FDOT) 39
-

= Lusn:tu; Ty | y
m CRSNG MIAMI t'
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Construction: D3 Example Projects

* CR30A over Western Lake (443331-1)
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FINAL SECTION

* CR30B/Indian Lagoon (441185-2)

34'-6" COPING-TO-COPING

17-3"

|=— § INDIAN PASS ROAD

t

6" C1.P. DECK
TOPPEING (THP.)

o 5/O0E 0.037 FtiFt

127 FLORIDA SLAB BEAM
(TYe) (INDEX 450-451)

80'-0" CONTINUOUS DECK WITH SIMPLE SPAN BEAMS

¢ CONST. CR 304 N 411" -0 i 4-10
rege ! g0 120" 120" 80" -4 G SHLDA. LANE LANE SHLDA.
LANF LANE SHLDR

BEGIN BRIDGE 149'-4" (OVERALL BRIDGE LENGTH) END BRIDGE (OVERALL BRIDGE LENGTH)

END BENT 1 END BENT 5 , 20-0" 40'-0" 400" 21-1%" ‘
| 200" 37 | 370 | —_— | —_ 5000 . APPROACH SLAB STAN 1 SPAN 2 APPROACH SLAB
APPROACH SLAB SPAN 1 SPAN 2 SPAN 3 SPAN 4 APPROACH SLAB END BRIDGE ?ZA,}?}’?L,;E{}%E ¢ INT. BENT 2 l—— END BRIDGE

¢ INT. BENT 2 ¢ INT. BENT 3 ¢ INT. BENT 4 END BENT I — END BENT 3
12" FLORIDA SLAB BEAM EJ i j— FoB 12X58" EJ

(INDEX 450-451) (TYP.)

TRAFFIC RAILING (36" SINGLE-S5LOPE)

|E.|r

\

(INDEX 521—427|) (TYP.)

LME. 8.768

RESTRESSED
E PILE (TYP.)

|
|
i :il:ﬂf::'“
MHW EL. 2.17 )

Low MEMBER EL. 6.57

PROPOSED GROUND LINE

24" SQUARE PRESTRESSED
CONCRETE PILE

EXISTING GROUND LINE
EL. 7.0(TYP.)

(TYP.) (INDEX 455-124) (TYP.)
EXISTING GROUND
AT ¢ CONST. CR 30A
_ NsENG Wb . 40
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Construction: D4 Example Projects

e 17t St/Indian River, East End-Vero * SR 5/US 1 Over Earman River
(446106-2) 442891-1) In-house Design
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Construction: D5 Example Projects

* SR-A1A Seawalls - Flagler Beach & Nth ¢ Barracuda Blvd over Canal Bradano
Volusia Co. (452443-1 & 452444-1) (437935-1) In-house Design

N 30'-0" N 85'-0" (OVERALL BRIDGE LENGTH) 30'-0" .
APPROACH SLAB NO. 1 APPROACH SLAB NO. 2

(STANDARD PLANS (STANDARD PLANS
INDEX 400-090) INDEX 400-090)
500"+ (EXISTING)
BEGIN BRIDGE FFBW —— END BRIDGE FFBIW
END BENT WO. 1 END BENT NO. 2
Flnan_c_'al PII'OIBCt SEGMENTAL BLOCK WALL (TYP.) TRAFFIC RAILING FLORIDA-I 36 GUARDRAIL (TYP.)
A1A Identification (FPID) Nos.: (STANDARD PLANS BEAM (STANDARD STANDARD PLANS
INDEX 52]-427) PLANS INDEX INDEX 536-001
452443-1 & 452444-1 450-036)

DT I
- \E\/i\—FrrSTWG LME  DHW = +6.60

o
S
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7 ==
4 -IME EL 8.168 MHW = +0.55

2-0" g PILES AND CAP

1
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| {SFE SECANT PILE WALL [
|
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| \DUNE PROTECTION
4 /_ 2|z

FDOT\) Rar _o_

Construction Update Fabien  Volusia County B S,
The Florida Department of Transportation %E [ 50 4R scour ELEvaTIon
(FDOT) is set to start construction on the first ,é, = ’j/ §§ | L’T’x
of two buried seawalls along State Road (S.R.) e s |
. M . = alx AUGER CAST PILE
AlA. The first wall will extend from one-half mile Sk h SECANT WALL
north of Highbridge Road in Volusia County to = | + NL\RM'W, [ —
South Central Avenue in Flagler County. Work is ", | F1L38 (PASIVE SIDE)
expected to begin in February 2024 at the  ossniesnonatighuidgeroats WT
north end of the seawall in /—3-0" DIA. PRIMARY SECANT PILE (TYP) |
-+ // (RETNFORCED) —74“ OVERLAP (TYP) | F-0' DIA (TYP)
: |
|
|
§ |
3 \L 3-0" DIA. INTERMEDIATE PILE (TYP) J_

N {ARY PILE TIP
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

Future Construction: D6 Example Projects

* Long Key Bridge Replacement
(448206-1 & (448207-1)

anﬁ SR 5/US 1 LONG KEY BRIDGE OVER LONG KEY CHANNEL PD&E STUDY | FPID 448206-1-22-01 | ETDM 14451
-

DISTRICT 6 ALTERNATIVE BRIDGE REINFORCEMENT COORDINATION MEETING

Long Key Bridge Facts

Also known as the Dante B. Fascell Bridge
H & Year Constructed: 1981

S Bridge Type: Precast Segmental
Box Bridge

| Vertical Clearance: 25.54 fest
“—*  Horizontal Clearance: 111.0 feet

[Lirii.1] Bridge Length: 12,152 feet

(2.3 miles)
, _ ﬁ g Travel Lanes: Two 12-foot
a ! =3 travel lanes
e S T : , S @ Shoulders: 6-foot paved
Existing Long :;_—.:Z:’; - = _‘;?__ e O%%) shoulders on both sides of the

bridge also function as

Key Bridge

. undesignated bicycle lanes

_—

e - ' e C SN @ Sidewalks: No existing sidewalks

Part of the 110-mile Florida Keys National Scenic Highway [ All-American Road

nserc 1 B
cns"G MIAMI

* Seven Mile Bridge Replacement
(448207-1)

A/ ARDURRA DR

Sexein M a,e/ Brwtgo

SR 5/US 1/0VERSEAS HIGHWAY SEVEN MILE BRIDGE OVER MOSER CHANNEL >
PROJECT DEVELOPMENT AND ENVIRONMENT STUDY "
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

FRP RC/PC Design Innovation webpage

WELCOME TO THE STRUCTURES DESIGN OFFICE St DG OGS

.l Phone: (830) 414-4272 \

Contact: Steven Nolan, P,

Office Manager: Will Potter, P.E. - State Structures Design Engineer

The Structures Design Office provides design guidance and technical assistance for structural, geotechnical, mechanical and electrical issues related
to structural design and construction. The Structures Design Office is 1 of 3 divisions under the Office of Design, along with Roadway Design, and
the CADD Office.

Most Requested

Fiber Reinforced Polymer
Reinforcing

STANDARD PLANS
FOR BRIDGE CONSTRUCTION

Structures Design

Current Structures Manual Software Downloads

Fiber-Reinforced Polymer Ge iic Reinforced Soil Structures Design - Transportation Innovation
Structures Divisions el it Fiber Reinforced Polymer (FRP)
i - Reinforcing Bars and Strands

Overview

Usage Restrictions / Parameters

: Design Criteria
¥ ¥ — - i . Specifications
Structures Research Center ihefic Reinforced

Website SRS) Wall Standards

Producer Quality Control Program

Projects
Technology Transfer (T2)
FDOT Research

Contact

e L|II[a—HI_:_|I‘I Peromance
Innovations Website Plans Review Website Design Exan Concrete (UHPC)

] © s:z5e S 2 €= roof) y
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NO text.
NO call.

NOTHING ITS THE LAW

is worth losing a life over.

Steven Nolan, P.E.

State Structures Design Office

Florida Department of Transportation

Email: steven.nolan@dot.state.fl.us
Office #: 850-414-4272
Website: https://www.fdot.qov/design/Innovation/
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¥ Reinforcement for Concrete #
. Members

" ACI Committee 440 is taking the next step toward building code compliance

Composnte Remforcmg Bars
for Future Infrastructure

GFRP Increases durability of reinforced concrete to meet demands as traffic,
urbanization, and extreme weather increase

B The Ministry of Transportation of Ontario chose GFRP reinforced concrete for the Nipigon River
prevent corrosion and provide durability and long-term sustainability. Photo Credit: Brahim Benmo

Sherbrooke

‘ High Stays for the Highway

Archival webpage:
Eqbggﬁg LJ £ FDOTY https://www.fdot.gov/structures/innovation/iwfrpcs4
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

August 8-9, 2024 - Toronte, Ontario

Michigan DOT Implementation
of FRP Prestressing

Steven Nolan, PE.

Presented on behalf of Matt Chynoweth, RS&H (former State
Bridge Engineer and AASHTO CBS T6 Chair)
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

1980°s: CFRP Prestressing Strand

* CFCC: Developed in Japan with first prestressed bridge application in 1988
% TR W TR

TOKYO ROPE INTERNATIONAL 1 CONCRETE STRUCTURES ( PRE TENS]ON'NG) TOKYO ROPE INTERNATIONAI

Ale £ "' I-*?- b ﬂg’e Mﬂ'l CF RP tendon

: Sea of Japan

Ishikawa,
JAPAN

1. Concrete Structures (PC and RC)
2. Cable for Stay Cable Bridges
3. Ground Anchors

Form r Bridge o Bottom side of the bridge
After 20-year life]

5] O 2zme L2 6 FROTY :

4. Other (Architectures)
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

1980’s: CFRP Prestressing Strand

* CFCC: Developed in Japan with flrst prestressed bridge applicationin 1988

TOKYO ROPE INTERNATIONAL

B Qe 2 g FooTy
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

2000’s: CFRP Prestressing Strand

* CFCC: First USA bridge appllcatlon in Mlchlgan in 2001 — Post-Tensioning

TOKYO ROPE INTERNATIONAL

idge Bridge "\
Funded by FHWA and MDOT
TPT
CFCC 1x37 40.0¢p: 9.2m X 10 tendons,

9.4 m x 7 tendons

CFCC 1x1921.8¢: 9.0 m X 6 tendons

External Tendons

CFCC 1x37 40.0p : 16.8 m x 24 tendons,

17.0 m x 30 tendons

=——r—r—rir—r—r—r—irv L 1
=) TJ 1=

Vertical section i
-
—=""118

CFCC 1 x 3Rb40 (Post-tensioned material, exterior cable)
B uzme 2 ¢ FRoT) )
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

2010’s: CFRP Prestressing Strand

* 2012 (Maine) & 2012-13 (Virginia)

TOKYO ROPE INTERNATIONAL TOKYO ROPE INTERNATIONAL

1. CONCRETE STRUCTURES ( TRANSVERSE POST-TENSIONING ) 1. CONCRETE STRUCTURES ( PRESTRESSED CONCRETE PILE)
itt ~ NIMMO PARKWAY

ond Bridge

24” square pile
16 strands: CFCC 1% 7 15.2mm
Spiral: CFCC U 5.7mm
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

2010’s: CFRP Prestressing Strand

* 2014 (Louisiana) & 2016 (Maine)

URES ( POST-TENSIONING ) TOKYO ROPE INTERNATIONAL | 42 BRI ﬁ - (STAY C ABLE) TOKYO ROPE INTERNATIONAL

PROSPECT
PYLON 1 - ELEVATION

|

CFCC length

100 m x 2 strands

210 m X 2 strands

310 m X 2 strands

2 tendons/girder X 6 girders = 12 tendons

(] D zame 2 ¢ Fo™ 6
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

2010’s: CFRP Prestressing Strand

e AASHTO Innovation Initiatives

AASHID

AASHTO INNOVATION INITIATIVE

_ Carbon Fiber Reinforced Polymer Strands

® ALl Home AASHTO = AASHTO Innovation Initiative = Carbon Fiber Reinforced Polymer Strands @

® About AII b

-

# Focus Technologies . - .,‘ :
® Executive Committee b & . 1 -. wh
c b b at are CFRP
e Feedback a !- O n N er Strands
® Additionally Selected f ; CFRP is a corrosion-free option for
Technologies Re I n O 4 pre-tensioning and post-tensioning
» AII Solicitation S d ' f applications on concrete elements.
. M >
® Lead States Team Support P t ra n A ‘ —— =
httDS//a” transportation_Org/Pages/Carbon_ Fast-Fact Sheets Hand-Outs Additional Resources
Contacts

Fiber-Reinforced-Polymer-Strands.aspx

- This lead state team has completed all planned activities and is no longer active. The information below, as created
NSERC l F Tl} 2 : 2 Z - . 2t Ffc : ’
E ® CRSNG L 6; DO by the active lead state team, remains available for review by users seeking additional information.
MIAMI ] ———


http://cici.um-sml.com/
https://aii.transportation.org/Pages/Carbon-Fiber-Reinforced-Polymer-Strands.aspx
https://aii.transportation.org/Pages/Carbon-Fiber-Reinforced-Polymer-Strands.aspx

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

2010’s: CFRP Prestressing Strand & Bars

* MDOT Project
Fast Facts

« MDOT Implementation of
Carbon Fiber Technology
[PDF]

2014 MAASTO Annual
Meeting
(July 2014)

nserc 1 B
CRSNG |

& FDOTY

AASHTO Innovation Initiative

FACTS:

Carbon
Fiber
Reinforced

Polymer
Strands

M-50/US-127 BR over NS RR Bridge Replacement -

ProuECT Locanon:
AGENCY:

URL:

ProvECT Naue:

ProvecT DescrIFTIon:

ProuecT Purpose Ano NEeD:

Detroit, Michigan
Michigan DOT

sii fransporiation.org
(select Carbon Fiter Reinforsed Polymer Strands)

Pembroke Avenue over M-38 Superstructure.
Replacement

Replacement of an existing pre-stressed -beam
Superstruciure with a side-by-side pre-stressed box

with CFRP tendons, and contsining CFRP deck
reinfor

In 2011, the Michigan Depariment of Transportation
athy of
urban fraewsy M-38 in the cities of Detroit snd
Southfield. As part of that project, severs! locs!
rosdway bridges over M-30 were replaced or
rehabilitsted. Many of the bridges were simple span
configurations with open joints and severe stesl
deterioration due to years of exposure. MDOT chose:
= bridge connecting twa neighborhaods in which to
replace the superstructure with dursble, non-corrosive
CFRP deck reinforcement snd CFRP ransverse post-
tensioning tendons. The deck reinforcement required
fitle conerete cover, and the post-tensioning tendons
did not hsve to b grouted in the duct

A.LL | AASHTO Innovation Initiative

Carbon
Fiber
Reinforced

Polymer
Strands

ProsECT Locamon:
Agency:

URL:

ProsecT Name:

ProJECT DESCRIPTION:

ProsecT Purpose AND NEED:

Detroit. Michigan
Michigan DOT

il transportation org
(select Carbon Fiber Reinforced Folymer Strands)

M-102 over Plum Creek Bridge Replscement

Replacement of an existing esrin-filed srch cuivert
with & pre-siressed spread box beam superstructure,
pre-siressed and reinforced with carbon fiber
reinforced polymer (CFRF) strands. The besms
contsin no steel materisls.

In 2013, the Michigan Department of Transportstion

replaced sn existing earth-filed arch culvert on M-102

(8 Mile Road) with a CFRF pre-stressed spread bax
besm structure. M-102 is @ mejor urban routE
the city of Dietroit, with four lanes of traffic in
direction. Working on this route presents &
impsct to regional mability, so the decision td
dursble, non-corrosive matarisls was deliber]
made fo ensure that life cycle rehabilitation o

can be delayed for a5 long 8s possible. The:
box beams sre pre-stressed with CFRP stra
contsin CFRP shesr sfirmups and mild reinfo
The bridge deck is slso reinforced with CFRH
reinforcement. Each bridge consists of a sing
span. with eight 33" deep by 43" wide. pre-si
spresd box beams.

50
[
ség
) 520 13-
SIDEWALE FASCTa
L
PEDESTRIAN 0" 11°-0" LM
FENCING (T12) &
BRIDGE RAILING 108 & T0E. OF
KESTHETIC PARAPET RATLING S10EWLX
TUBE (TYPY L~ (YR}
S4B FASCIA
1Teey l T
-t

[— (—] —] — —

| AL SPA w a4l
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https://aii.transportation.org/Documents/CFRP/cfrp-maasto-annual-meeting-07302014.pdf
https://aii.transportation.org/Documents/CFRP/cfrp-maasto-annual-meeting-07302014.pdf

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

2010’s: CFRP Prestressing Strand

* MDOT Supported MDOT CFRP Considerations
Research & Advocacy

Bridge Life-Cycle Cost

— Black Steel Bridge — Epoxy-Coated Steel Bridge — CFRP Bridge

$7,000,000 B Construction " Deck Shallow Overlay
5.98
$6,000,000 B Deck Replacement ™ Superstructure replacement  ——
/
$5,000,000 5.63
B
8 $4,000,000
@
= s Breakeven year
0 g 2.29
-

$1,000,000

$2,000,000 2(\ /::;ﬁ / ]
I I | | |

&

’$0

0 10 20 30 40 50 60 70 80 20 100
Year

i
S DBl il ' G AR N TN TEP
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

2010’s: CFRP Prestressing Strand & Bars v

* MDOT Projects
and Supporting
Research
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR CONCRETE STRUCTURES

2020’s: CFRP Prestressing Strand

* MDOT Continuing Supporting Research

§ o

YO\

DOT

Michigan Department of Transportatior

Evaluating Long Term Capacity & Ductility of Carbon Fiber Reinforced BB IR SRR RS

Polymer Prestressing & Post Tensioning Strands

Project Number: SPR-1690

Contract Number: 2013-0065 Z2

Status: Complete. Start Date: 10/01/2013, End Date 09/30/2019

Influence of Revising CFCC Guaranteed Strength on Performance of CFCC
Prestressed Highway Bridge Beams Subjected to Various Environmental Conditions
Project Number: OR21-018

Project Manager: Steve Kahl

Principal Investigator: Nabil Grace (Lawrence Technical University)

Statewide Overall Carbon Fiber Composite Cable Bridge Monitoring
Research Manager: André Clover
Project Number: OR14-039
Project Manager: Steve Kahl
E Qggggg 'J f?’ Fboﬁ Principal Investigator: Nabil Grace (Lawrence Technical University) 11
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https://rip.trb.org/View/1994154
https://rip.trb.org/View/1994154
https://rip.trb.org/View/1860954
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" ACI Committee 440 is taking the next step toward building code compliance

Composnte Remforcmg Bars
for Future Infrastructure

GFRP Increases durability of reinforced concrete to meet demands as traffic,
urbanization, and extreme weather increase

B The Ministry of Transportation of Ontario chose GFRP reinforced concrete for the Nipigon River
prevent corrosion and provide durability and long-term sustainability. Photo Credit: Brahim Benmo
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Fiber Reinforced Polymer Technology —
NCDOT History and Vision

W. Cabell Garbee, Il, PE
NCDOT Manufactured Products Engineer
August 2024
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History in North Carolina

Fiber Reinforced Polymer Technology — NCDOT History and Vision

e 2005 — Glass Fiber Reinforced Polymer (GFRP) Bridge Decks

2014 — NCDOT/NCSU Research Project 2014-09: CFRP Strands in Prestressed Cored Slab Units

e 2017 —Transportation Pooled Fund Research Project — 5(363): Evaluation of 0.7 inch Carbon Fiber Reinforced
Polymer Pretensioning Strands in Prestressed Beams

e 2021 Harkers Island Replacement Bridge

e 3200 ft long, No Structural Steel Reinforcement, Uses GFRP bars and CFRP strands

e 2023 Brunswick County NC 179B over Calabash River

* FRP Reinforced 20” Square Concrete Piles

* FRP Reinforced End Bents

———

——

T

.

//////
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Fiber Reinforced Polymer Technology — NCDOT History and

In Progress/Proposed in North Carolina

» 2024 Tyrrell/Dare County (Alligator River), ~3 miles long
* FRP Reinforced Square Concrete Piles and Cylinder Concrete Piles
* FRP Reinforced Deck (supplier proposal)

e 2028 New Hanover County (Wrightsville Beach — 3 Bridges)
* FRP Reinforced Superstructure and Substructure

 TBD New Hanover County (Cape Fear River — Memorial Bridge Replacement)
* FRP Reinforced Substructure

REERLRLR R
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Brunswick County Bridge Project

Beach Drive SW (NC 179 Business over Calabash River)

Structure: 576 Feet

Two 12’ lanes with 4’ Shoulder Northbound and 10’ Multi-Use Path Southbound

Replaces bridge built in 1975
Let May 2023

Piles: 20” Square
CFRP Spiral
CFRP Strand

3" CL. TO CFRP

20"

Fiber Reinforced Polymer Technology — NCDOT History and Vision

QUAL SPA. 1" TYP
A.‘ P

PRESTRESS

Pile Caps:
GFRP Bar

STRAND SPIRAL

0.28" & CFRP

STRAND SPIRAL

1 TYP. | |
20"

3" CL. TO CFRP

STRAND SPIRAL

TYPICAL SECTION
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ncdot.gov Fiber Reinforced Polymer Technology — NCDOT History and Vision

Alligator River Bridge Project

Replace Lindsay C. Warren Bridge, US64 over Alligator River in Tyrrell and Dare Counties
built in 1960 with Swing Span over Intercoastal Waterway.

Letting: 2024
Proposed:
Fixed span with 65’ vertical navigation clearance
Two, 12’ lanes with 8 shoulders
Length approximately three miles
One of Nine FHWA MegaGrant Projects, $110 Million Grant

Piles: 36” Square
54” Cylinder
CFRP Spiral
CFRP Strand

Pile Caps, Columns, Footings:
GFRP Bar

GFRP Supplier Proposal to use in Bridge Deck

Wi o i v - v G s B iy i i e iy S e i S iy i iy PIPITITITTT TP P I ITITTITITITITITITITITIITTITT v i i S T S L S e S S i S TIEIT
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Cape Fear Memorial Bridge Project

Replace Existing Lift Bridge, 3000FT Long, 408FT Lift Span
Carrying US 17/US 76/US 421 over Cape Fear River
Opened 1969, Deck Rehabilitated in 2024

Letting: TBD
Proposed:

135-foot-high fixed span bridge (same as existing lift span clearance)
FHWA MegaGrant Projects, $242 Million Grant

Wrightsville Beach Bridge Project
Replace 2 Bridges Carrying US 74 & 1 Bridge Carrying US 76 over Banks Channel

US 74 Bridges Built in 1957 & US 76 Bridge Built in 1972

Letting: 2028

Proposed:

: Structure Lengths 100’°, 630’, 860’

5 Two 12’ lanes with 6° Shoulder and 12’ Multi-Use Path each bridge

y
TR v a7 2 2 D D P TP A S S S S S S S S i I i S S o B A 2
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Proposed in North Carolina

NSRS S
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Discussion (Future Bridge Projects)
Deck Reinforcement

western counties/areas of heavy salt use

coastal areas with seawater exposure
Substructure Reinforcement

coastal areas with seawater exposure

Discussion (Roadway Projects)

Continuously Reinforced Concrete Pavement

(demonstration/research project)
Barrier

slipformed median barrier areas of heavy salt use

TP

Fiber Reinforced Polymer Technology — NCDOT History and Vision
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Harkers Island Bridge Project Vision

« Cast-in-place Concrete (Superstructure & Substructure)
« Glass Fiber Reinforced Polymer (GFRP) Bars

* Prestressed Concrete Girders
« Carbon Fiber Reinforced Polymer (CFRP) Strands
« GFRP Stirrup Option (utilized)
« CFRP Stirrup Option

* Prestressed Concrete Piles
« CFRP Strands
 CFRP Spiral

« “NO” Steel Reinforcement
« Steel ONLY in the Railing (MASH compliance)
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ncdot.gov Fiber Reinforced Polymer Technology — NCDOT History and Vision
Harkers Island, NC
Bridge No. 96 ‘“‘i @ 3 -. = i 28 No in-water, seabottom

W % disturbance, work allowed
The Straits ' & from April 1 through

i 4 I Mechanical
/ EULGEANORT 5 anesting September 30

I of Oysters...
e

Prime Contractor:
Balfour Beatty Infrastructure Inc

Prestress Concrete:
Coastal Precast Systems Inc

-
< iy,

Back Sound \ “ W " "‘" " N r ; . . .
Mechanical i T g3 T ﬂ" . Availability: August 30, 2021
Harvesting s SRR SR L/ .

of Oysters.. ooy SR o ST Y Completion: October 28, 2025

Lt

SBa‘cicOSo und

Outstanding
Resource
Water




ncdot.gov Fiber Reinforced Polymer Technology — NCDOT History and Vision

Bridge No. 96

« Built 1970

« Superstructure Replacement
2013

« Functionally Obsolete

Bridge No. 73

« Built 1969
e Posted SV 24, TTST 37
« Structurally Deficient

AR R ER R

11
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Bridge No. 73

Fiber Reinforced Polymer Technology — NCDOT History and Vision

Bridge No. 96

MR O VAN TER ELINGATION & LI

Proposed Structure: 3,200-0"
28 Spans
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Harkers Island Bridge Project Quantities

 CFRP Prestressing Strand:

* Piles: 325,000 Linear Feet

« GFRP Reinforcement:
» Superstructure: 715,000 Linear Feet 7 =
e Substructure: 200,000 Linear Feet

« Girders: 650,000 Linear Feet 444 T
=

Fiber Reinforced Polymer Technology — NCDOT History and Vision
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Harkers Island Project Material Approvals:

1. NCDOT Product Evaluation (Approved Product List)
2. NCDOT Vendor Approval (Tokyo Rope, Owens Corning-Mateenbar)
Producer Facility Audit (FRP Institute for Civil Infrastructure)

3. Project Acceptance Testing (NCSU)

NC STATE

UNIVERSITY

Fiber Reinforced Polymer Technology — NCDOT History and Vision
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Pile production and shipment at Coastal Precast Systems
Chesapeake, VA
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Production of 54” FIB at Coastal Precast Systems Wilmington, NC
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Fiber Reinforced Polymer Technology — NCDOT History and Vision
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November 9, 2022
Glass Fiber Reinforced Polymer (GFRP) Bars
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November 9, 2022
Piles, Caps, Beams...

s
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April 27, 2023

Traffic shift to new structure expected Fall 2023.
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e

November 9, 2022
Piles, Caps, Columns, Beams...
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November 2023
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Fiber Reinforced Polymer Technology — NCDOT History and Vision

Questions?

W. Cabell Garbee, Il, PE

NCDOT Manufactured Products Engineer
1801 Blue Ridge Road, Raleigh, NC 27607
cgarbee@ncdot.gov

. RV T V. T W, S
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FOURTH INTERNATIONAL WORKSHOP ON

FRP BARS FOR CONCRETE STRUCTURES

August 8-9, 2024 - Toronto, Onlario

Use of FRP Reinforcing in Bridges in Oregon

Tanarat Potisuk

Oregon Department of Transportation

SPONSORED BY:
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

ODOT Bridge Desigh Manual
 BDM 1.5.5.16

Table 1.5.5.16-1 Material Properties for Design of GFRP Reinforced Concrete

Material Property Material Value

Ultimate tensile strength (ksi) 90 ksi (#4 - #0)
75 ksi (#7 - #10)

Tensile modulus of elasticity (ksi) 6,500

Ultimate tensile strain (inch/inch) 0.011

GFERP reinforcement is recommended for structural members that are located in corrosive
environment and do not require hi gh ducti]it}r. Service limit states often control desig;n over
strength limit states. Use GFRP reinforcement only in the fo]_lowiﬂg structural members:

* DBridge deck.
LB Concerns
* Seawalls. * Ductility for seismic event and vehicular

¢ Bridee A ch Systems. .
ridge Approach Jystems impact (Extreme Event | and Il)

e Abrasion resistance

Bz 2 ¢ FooT 2
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FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR
CONCRETE STRUCTURES
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Bridges with GFRP Bars
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Bridges with GFRP Bars
* Millport Slough, Hwy 9 (built 2009)
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Bridges with GFRP Bars
* Millport Slough, Hwy 9 (built 2009)

06/07/2023 NBI Category
Category NBI # Rating
Deck Condition 58 7 Good
Superstructure 59 8 Very Good
Substructure 60 7 Good
Channel 61 8 Protected
Culvert/Retaining Walls 62 N N/A (NBI)
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Bridges with GFRP Bars
Lewis and Clark River (Rehab in 2014)
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Bridges with GFRP Bars
* Lewis and Clark River (Rehab in 2014)
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Bridges with GFRP Bars
* Lewis and Clark River (Rehab in 2014)
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Bridges with GFRP Bars
* Lewis and Clark River (Rehab in 2014)

05/07/2024
NBI Category

Category NBI # Rating
Deck Condition 58 6 Satisfactory
Superstructure 29 5 Fair
Substructure 60 4 Poor
Channel 61 7 Minor Damage
Culvert/Retaining Walls 62 N N/A (NBI)

=
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=
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=
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Bridges with GFRP Bars
 Newberg Dundee Bypass — Sound Wall (2014)
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Bridges with GFRP Bars
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Bridges with GFRP Bars
e Butte Creek (bid and construction in 2025)

e -

NISIIITE .
il
N
Detour barrier h
Exist. comm. lines to \
be remuoved by athers. / Wingmall ¢ Lane fine )
see sheet bex
Transition 3-tube bridge rai fo See Std. 3-Tube Curb Mount
Remave 92" x 65" structural cuunrivall ab four cormers, See g, | Rail, See Dwg. o BR208 for
plate pipe arch (str. no. 04666) BR203, typ. b ” details not shown.
T o ) - -1 o
= e | Additional deck overh s
: fitional deck averhan
vT e : i) o | Teintoreement, T Transverse deck reinforcement, typ.
\ Y \ 204" bridge approach slab, Bar "A | N
-———i - T § g see std dwg. BRIGS, typ. ks | 70" Longitudinal deck reinforcement, typ. |%
3 & 7o Neskowin \\«\ 3 \ vl i = [ B
F : Ly S sz ] ——zav
‘§ LA [ N353)ASE 1 = — /J ~ ——— T
2 \‘\\ P OREGON COAST HWY (US101)} [ [ '} a
3 \ L A== y
% = — |1, — 3 12"dia. o,
To Oratown ¥ o3 g - N
N BN o B
&) w3
N 60" Bulb-T r
Ty i precast prestressed |1 | L——— )
8 Concrete Girders
i ingwall O S e : L
= 040" ctr.-ctr. abutments sSee sheet X N " K 924 stirrups spaced evenly, = T
3 G-BTG0 PCPS girders @ 8-0" 5. ] =) discontinue at utility openings, typ. —|[ o \—| b
| (i
™
Transition 3-tube bridge rait E‘J, % o §§
2 Scaler 1°=20"
"’y"mgz‘g;“"m"' i In #4 U4" stirrups e 4-1"dia. conc. Inserts in
see dug: . e ~l See Dwg. no BR310, typ. #4 X 1'-0" dia. hoop each face, typ.  exterior girderwebs and
o _ § Cut reinforcement as required to 4-2" i, holes thru
3-tube curb mount rail (see drawing BR208) pay limits, sach side of bridge - 140"-6" ‘accomodate utility apemng Interiar girdler webs far
Seoe— 5-#4 between girders each face, #-#6 (Gr. 106) x 507 bars.
40 discontinue at utility openings, typ.
RECURRANCE |
- |RECURRANCE |
&| HEADWATER E
£ Existing ground st |FEeDWATER £ PARTIAL TYPICAI_. DEFK SECTION
é i L line Scale: ¥5"=1"-0
& BACKWATER
g —
I PP IE x 050 piles, typ. SCOUR ELEVAT
Ing structure no. 03196,
1o Bent | Finish grade FTRUETIACRS
. 240 1" fine 24348 Q@;‘D PROFf
Remove 92° x 65 structural ELEVATION
plate pive arch {str. no. G4666) L B0 DWG . @GWE\

CRSNG MIAMI

nserc 1} ?" FDOT” 13


http://cici.um-sml.com/

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

Bridges with GFRP Bars
Year | Structure Bar

Size ft

2009 Millport Slough #5 53,500
#6 121,500
2014 Lewis & Clark River #5 33,135
#6 57,326
2014 N-D Bypass Sound Wall #4 40,436
#5 109,085
2025 Butte Creek #5 24,200
#6 18,500

Eaﬁgﬁg &J f FDDﬁ 14
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Bridges with GFRP Bars

Structure W Black Bar Stainless steel

b/t $/1b $/it $/1b /it

12009 Millport Slough #5 112 11 145 437 456
#6 148 11 165 437 656
2014 Lewis & Clark River #5 1.36 NA NA 4.54 4.74

#6 1.66 NA NA 4.54 6.82
2014 N-D Bypass Sound Wall #4 1.76 0354  0.56 NA NA
#5 1.53 0.84 0.88 NA NA

Eagggﬂg &J f FDDﬁ 15
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Project Special Provision
* Performance specifications using ASTM D7957

* Will be made standard construction specifications soon

 Will add ASTM D8505 in ODOT BDM and standard construction
specifications

Eaﬁgﬂg &J f FDO‘:ﬂ 16


http://cici.um-sml.com/

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

Thank you

Eaﬁgﬁg &J f FDDﬁ 17


http://cici.um-sml.com/

FOURTH INTERNATIONAL WORKSHOP ON
FRP BARS FOR CONCRETE STRUCTURES

August 8-9, 2024 - Toronto, Onlario

Use of FRP Reinforcing in Poland

Prof. dr hab. eng. Renata Kotynia

Lodz University of Technology

SPONSORED BY:

MMMMMMMMMMMMMMMMMMMM
uuuuuuuuuuuuuuuuuuuuuuuuuuuu

UNIVERSITE DE NSERC UNIVERSITY R —
B SHERBROOKE FHHAE ‘ OF MIAMI f? sz FDOT)



FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

Content:

1. FRP Materials

2. Design standards
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To replace traditional steel reinforcement Fiber Reinforced Polymer (FRP) bars are made of
continuous fibres impregnated with polymeric resins in the pultrusion process in which the

fibres are pulled and impregnated before curing in a heated die.
ComRebars sp. z o.0.
Bond behaviour between FRP bars and concrete depends on: -

= atype of bars (GFRP, AFRP, BFRP, CFRP)
= the surface preparation
bars geometry (shape and diameter)

m
55 S VN SRS

= mechanical interaction, chemical adhesion and friction

" temperature FiReP International AG
= |ong-term loading —— ——
| ]

degradation of concrete

Surface preparation:

* sand covering

* ribbing with fiber braid
e spirally wound ribs

* ribs cutting in the GFRP bar (Schéck ComBAR)

X Prefa Composity A.S.
B Qe 2 & FoOT)
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Comparison of FRP and steel reinforcement

E./E,= 4-3 (GFRP)
E./E = 3-2 (AFRP)
E./E,;= 2-1 (CFRP)
f, /f,,= 2.0 (GFRP)

f /f, = 5.0 (AFRP)
f, /f,, = 6.0 (CFRP)

e, /€, =8- 3 (GFRP)
e, /€, =6-4 (AFRP)

3000

2500

Stress, or (MPa)
—_ )
W S
S S
(e S

—_
S
S
o

500

0 -

CFRP
L J

i

/

/
4

steel

o

e, /€, =20-6 (CFRP) 0 20 40 60 80 100
Strain, &/ (%)
Property Steel GFRP CFRP AFRP
Longitudinal modulus, (GPa) 200 35t0 60 100 to 580 40 to 125
Longitudinal tensile strength, (MPa) 450 to 700 450 to 1600 | 600 to 3500 | 1000 to 2500
Longitudinal tensile strain, (%) 510 20 1.2 t0 3.7 0.5to 1.7 1.9t04.4
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Advantages of FRP reinforcement:

Highly resistant to chloride and chemical attack

* Applications:

- structures in marine environments

- in the ground

- in the chemical and industrial plants

- in thin structural concrete elements

* tensile strength is higher than that of steel

* weightis four times lower than that of steel

* transparent to magnetic fields and radar frequencies

* high cuttability in temporary applications (recommended to temporary
reinforced concrete structures — diaphragm walls, which have to be partially,
destroyed by TBM machine)

Bz 2 ¢ FooT
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Disadvantages of FRP reinforcement:

GFRP bars:

* lowtensile modulus comparing to steel
* sensitivity to abrasion from handling

* sensitivity alkalise

* relatively low fatigue resistance

CFRP bars:

* highcost

* high brittleness

* electrical conductivity

AFRP bars:

* hygroscopic absorption of moisture up to 10% of fiber at high moisture

* tend to crack internally at pre-existing micro-voids with longitudinal splitting
* low compressive strength

* loss of strength and modulus at elevated temperatures

» difficulty in cutting and machining

* sensitivity to UV lights

Bz 2 ¢ FooT
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Annex R

DeSign gUidelineS: (informative)
FprE N 1 992_1 _1 :2023(E) An nex R Embedded FRP reinforcement

R.1 Use of this annex

(1) This Informative Annex contains supplementary guidance for the design of new structures reinforced
with non-prestressed glass and carbon fibre reinforcement.

NOTE National choice on the application of this Informative Annex is given in the National Annex. If the

National Annex contains no information on the application of this Informative Annex, it can be used.

R.2 Scope and field of application
(1) This Informative Annex applies only to profiled or roughened glass and carbon fibre reinforced
polymer (FRP) reinforcement bars and mesh. Prestressed FRP is not covered.

(2) This Informative Annex does not apply for use of FRP reinforcement in lightweight concrete and in
concrete made with recycled aggregate, i.e. Annexes M and N do not apply.

(3) This Informative Annex applies to members with FRP reinforcement subjected to predominantly
static loads, i.e. Clause 10 and Annex E do not apply to members with FRP reinforcement.

R.3 General

(1) The provisions of this Eurocode apply for concrete members with FRP reinforcement unless modified
in this Annex R.

NOTE The provisions of this Eurocode apply for concrete members with FRP reinforcement unless modified in
this Annex R.

R.4 Verification- Partial factors for FRP reinforcement

(1) The partial factor for material yere shall be used for FRP reinforcement.

NOTE The values of the partial factors for FRP reinforcement are those in Table R.1 (NDP) unless the National
Annex gives different values.

Table R.1 (NDP) — Partial factors for FRP reinforcement

Design Situation Yere

Persistent and transient design situation 1,50

NSERC LJ E;" FDDTiE Accidental design situation 1,10
E QCBSNG MIAMI | P Serviceability limit state 1,00
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Design guidelines - Flexure

Xstal

<!l """ ——4

steel, As FRP, At !
s | x I
o] o 2,0% 0.5%
L b L L b L Strain Stress

1 1 1 1

For steel reinforcement, strength to stiffness ratio is similar to normal concrete - neutral axis
depth for a balanced rectangular section is around the middle of the overall effective depth.

For FRP reinforcement, the strength-to-stiffness ratio is much greater than that of concrete -
the neutral axis depth for the balanced section is very close to the compressive edge.

Bz 2 ¢ FooT ¥


http://cici.um-sml.com/

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

Bending moment redistribution
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Bending moment redistribution
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Annex R- Embedded reinforcement FprEN 1992-1-1:2022 (E)

Annex R provides design rules for member reinforced with embedded FRP reinforcement
within the following limits of applicability:
* Minimum modulus of elasticity of: Efp =40 GPa

«  Maximum FRP strain: & = fﬂzﬂ = 0.005
fR

* Characteristic compressive strength of concrete: f.; =20 MPa
* Maximum degree of reinforcement: p;r < 0,05

° YFrRPp — FRP faCtOI’
Design Situation YFRP
Ultimate Limit States (Persistent and transient design situation) 1.50
Accidental Actions 1.10
Serviceability 1.10

B Qe 2 & FoOT) 1


http://cici.um-sml.com/

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

Annex R- Embedded reinforcement FprEN 1992-1-1:2022 (E)

R.5.3 Designh assumptions

fro b

foe=fa 1000 ————————————
fie=fu/y oo

Efd  Efk

[ fr100a

fra = Y;

€1k,0

frr100a = CeCeCe frrp

Bz 2 ¢ FooT

Ew

ffko — short term tensile strength

[ fk100a — long term tensile strength

E;p — elasticity modulus of FRP reinforcement
Yrrp — FRP factor

C, - factor considering temperature effects. The
following values may be used for

C; = 1.0 for indoor and underground environments

C; =0.8 for outdoor members if heating through solar
radiation cannot be excluded

C. - coefficient between the strength under sustained
load and the strength under short-term load equal
0.35 for GFRP and 0.8 for CFRP.

C. - coefficient of outdoor; C, =0.7

12
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LODZ UNIVERSITY OF TECHNOLOGY
Faculty of Civil Engineering, Architecture and Environmental Engineering
PHD THESIS

ANALYSIS OF THE EFFECT OF PRIMARY REINFORCEMENT
ON THE SHEAR RESISTANCE OF CONCRETE BEAMS
WITHOUT TRANSVERSE REINFORCEMENT

Monika Kaszubska, M.Sc.D. Eng.

Renata Kotynia, Prof. of PL - Promoter
Prof. Joaquim Antdnio Oliveira de Barros
tédz, 2018
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Shear in FRP / steel reinforced beams without stirrups

Top reinforcement- GFRP bars #10
and #6 (at spacigg 210mm)

Shear reinforcement:
steel stirrups #8 (at 130/150mm spacing
and steel bent bars #14

ottom GFRP reinforcement of
12/16/18 mm diameter

Top reinforcement- GFRP bars #10
and #6 (at spacing 210mm)

Tested area

nserec L) KO FDOT Bottom steel reinforcement 14
E Q""s"’“ L(; ,,,,:% of 12/16/18 mm diameter
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Shear in FRP / steel reinforced beams without stirrups

V1=23,09kN

The GFRP reinforced beams indicated gradual and slow diagonal cracking
development, while failure of the steel reinforced beams was sudden and brittle.

S-5¢12

V1=47,06kN V2=51,49kN V.,=55,59kN

15
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Example of failure mode
Shear tension

Flexular cracks through the full
depth of beam

one reinforcement layer

Small cracks — bond loss of
bottom reinforcement

Flexural cracks for two
reinforcement layers in GFRP
reinforced beams and reverse
situation for steel reinforced
beams

two reinforcement layers

16
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LODZ UNIVERSITY OF TECHNOLOGY
Faculty of Civil Engineering, Architecture and Environmental Engineering

PHD THESIS

ANALYSIS OF THE TYPE REINFORCEMENT INFLUENCE ON THE
SHEAR CAPACITY OF CONCRETE BEAMS
WITH TRANSVERSE REINFORCEMENT

Damian Szczech, M.Sc.D. Eng.

Renata Kotynia, Prof. of PL - Promoter
£odz, 2024
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Shear in GFRP / steel reinforced beams with stirrups

VARIABLE PARAMETERS

No. Elerment Cro.ss Type of FIe).<uraI Rein. ratio tStirrup Stirrlfps Pw fox
section reinf. reinf. p [%] diameter spacing [%] | [MPa]
1. |T-G-525-8/250-30 T 5#25 2,91 8 250 mm| 0,16 30
2. |T-G-525-8/200-30 T 5#25 2,91 8 200 mm| 0,20 30
3. |T-G-525-8/120-30 T 5#25 2,91 30
4. |T-G-525-12/270-30 T 5#25 2,91 12 270 mm 30
5. |T-G-525-N-30 T GERP 5#25 2,91 NO STIRRUPS 30
6. |T-G-528-8/250-30 T 5#28 3,69 8 250 mm| 0,16 30
7. |T-G-528-8/200-30 T 5#28 3,69 8 200 mm| 0,20 30
— | 8. [T-G-528-8/120-30 T 5#28 3,69 30
‘é’ 9. |T-G-528-12/270-30 T 5#28 3,69 12 270 mm 30
g 10. |T-G-528-N-30 T 5#28 3,69 NO STIRRUPS 30
11. |T-S-525-8/260-30 T 5#25 2,91 8 260 mm| 0,15 30
12. |T-S-525-8/200-30 T 5#25 2,91 8 200 mm| 0,20 30
13. |T-S-525-8/110-30 T 5#25 2,91 30
14. (T-S-525-N-30 T STEEL 5#25 2,91 NO STIRRUPS 30
15. |T-S-528-8/260-30 T 5#28 3,69 8 260 mm| 0,15 30
16. |T-S-528-8/200-30 T 5#28 3,69 8 200 mm| 0,20 30
17. |T-S-528-8/110-30 T 5#28 3,69 30
18. |T-S-528-N-30 T 5#28 3,69 NO STIRRUPS 30

Bl Qs W g Foot 1
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Shear in GFRP / steel reinforced beams with stirrups

CRSNG

MIAMI

300 1050 750 300
S
o
S F
N
300 ; 1800 300 .
2400 Cross section P1
P1_5825_48
650
STEEL , om0 250 200
@10 at 200mm
<t
sen. |~ 1 N L ‘
I ———
18 GFRP N N
98 N = =
s&tj:G . 1 """
A 5025
GFRP
1 190 1
250
Cross section P3
P3_5¢25_¢12
650
STEEL § 200 250 . 200
#10 ot ZE)OmrTEI
I Y .z, W ‘
I ———
18 GFRP N N
BCIVARN = =
“&ffﬁ rrrrrrrrrrr
A T T U U seos
A GFRP
> 4P 1 190 1
€D 2szmc LI £ FDOT
N\ =

320

320

4504

400

400

FiReP International AG

Cross section P2

P2 528 ¢8
650
STEEL , o0 250 200
910 at 200mm
<t
o seen |~ 2 1 SN LY ‘
¢ O ——
B o - o
8 N o 3|
JUL orre ’ g g3
B %8 gS 9
@::G, ,,,,, 9
§ 18 g g 5028
L4 GFRP
B 190 ;8
250
Cross section P4
P4 5828 ¢12
650
STEEL .20 250 . 20
610 at ZOOm%
sl |2 7 PN ‘
P 910 ——
B ome o
GFRP i Er
AAL o2 N i
E'SIff': o
T A I O Y
T GFRP
B2 190 18
250 19

320

’!BDA

320

4804

400

400



http://cici.um-sml.com/

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

Steel reinforced beams

GFRP reinforced beams v
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Field Applications - Poland

Contractors: Mostostal Warszawa S.A., Promost Consulting T. Siwowski S.J.,
Rzeszow University of Technology

Location: »Com-bridge —innovative road bridge FRP” in Btazowa

FRP Producer: ComRebars Sp. z o.

GFRP reinforced bridge decks over the Ryjak River —road no. 1411R in Btazowa
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Field Applications - Poland

Contractors: Mostostal Warszawa S.A. , Budmost Rafat Jedrzejek, SHM Krakéw
Location: Pedestrian and bicycle bridge across the Kamienica River in Nowy Sacz
FRP Producer: ComRebars Sp. z o.

Epsilon GFRP bars with optical sensors for structural monitoring
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Field Applications - Poland

Contractors: Mostostal Warszawa S.A.,
Location: Fountain Park in Warsaw

BFRP reinforced concrete fountain foundation slab

Bz 2 ¢ FooT
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Field Applications - Poland

Contractors: Mostostal Warszawa S.A.
Location: Provincial Hospital for Nervous and Mentally Ill in Drewnica (2014)
FRP Producer: Mostostal Warszawa S.A.

GFRP rod reinforcement under the tank for storage of 809 m? of water (seasonal thermal energy
storage from a solar installation).

Bz 2 ¢ FooT
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Field Applications - Poland

Contractors: Skanska S.A.
Location: Institute of Aviation, Warsaw
FRP Producer: ComRebars Sp. z o.

Application of GFRP rods for reinforcement of an industrial floor in a complex of technical buildings

Bz 2 ¢ FooT
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Field Applications - Poland

Contractors: Skanska S.A.
Location: Reconstruction of the cross street in Lublin

FRP Producer: ComRebars Sp. z o.

Bz 2 ¢ FooT
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Field Applications - Poland

Contractors: BudimexS.A.
Location: Metro in Warsaw
FRP Producer: FiReP, Switzerland W%’ GULERMAK £ ASTALDI
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Use of FRP Reinforcing in Saudi Arabia

Ehab Ahmed and Ali Alibrahim

Alternative Rebar Plant (ARP)

Dammam; Kingdom of Saudi Arabia
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Outline
The key points in this presentation include:
* Saudi Market for FRP — An Overview
* Current Specs and Codes
 GFRP-RC Projects — Lessons Learned and Impact
* Local Manufacturing and Supply

 Alternative Rebar Plant (ARP)

* Most Recent GFRP Manufacturing Facility Inaugurated by Aramco in
November 2023

0" v

. ‘\ |"'

dcliml) dli QWY asp.u
ALTERNATIUE REBHR PLANT
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Outline

The key points in this presentation include:
* Saudi Market for FRP — An Overview
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Saudi Market for FRP — An Overview

FRP market in Saudi Arabia has been growing through the last
decade. This is attributed to:

* Support for composites industry from Aramco.  asscuigsoli Fis

“saudi aramco K
T &

NEX

* Design of infrastructure projects for 75-100 years.

* Service / Exposure conditions.

SIDF@

Sa9aull duclinl droildl §gain

e Saudi Industrial Development Fund (SIDF). <O

YEARS Lole

The economic transformation
under Vision 2030 is propelling
Saudi Arabia towards a future of V|S|ON d |gJ
H ’ 3 diversity and prosperity. Through [
° KI ngd om S 2030 VI SIO n ° strategic investments, the fostering 2 30

.....

of new industries, and the nurturing
of exceptional leadership, the q.ugn_um a.u;.m\ Gb.l.oo.ll
Kingdom is accelerating growth and
NSERC ﬁi building a resilient economy that
E ® CRSNG &J f FDOT stands at the forefront of global 4

innovation and development.
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Saudi Market for FRP — An Overview

FRP market in Saudi Arabia has been growing through the last
decade. This is attributed to:

* Experience gained from mega projects designed with GFRP
such as the Jizan flood mitigation channel.

* Life cycle cost analysis of the projects designed with GFRP
against that designed with epoxy coated steel (ECS)
supported the use of GFRP.

* Availability of FRP manufactures and suppliers.

* ACI Saudi Arabian Chapter — Eastern Province (KFUPM).

] ez 12 ¢ FROT :
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Saudi Market for FRP — An Overview

FRP market in Saudi Arabia has been growing through the last
decade. This is attributed to:

A gl A ll Al
KINGDOM OF SAUDIA ARABIA

all g Creaiall g DB yﬂ“dﬂl%l

e Ava | I a bl I Ity Of F RP Specs a n d Codes Saudi Standards Metrology and Quality Org.(SASQ)

(Ara m Co) SASO} ACI 440' 1 RI a n d Standard Mo. SAS0-GS0-2458 ﬁ;al-wl #a
Reference Ma. G80-2488 Abal gall a2 g
Issue Year 2017 el A
AASHTO GFRP 2008)
Adoption Year 2017 Al A
Mumeric Coding 950-24583 e s gl
&ngoull gloli Bl
saudi aramco
B . s il ol dala 1 i 5 shall padgall o Lol Al o
Materials System Specification
Specification for fiber+einforced polymers (FRP). FRP (Bars, Grids and
12-SAMSS-027 10 December 2017 sheet)
Fiber-Reinforced Polymer Bar Materials for Concrete Reinforcement
Document Responsibility: Non-metallic Standards Committee N (o) te N C S A S 8 O 7-1 O
E =40, 50, 60 GPa
Note: ACl 440.6-08
E = 5700 ksi (39.3 GPa) ’\

Ayl | Aaladl| caloaal gl
Saudi Standards
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Outline

The key points in this presentation include:

* Current Specs and Codes
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Current Specs and Standards

Updated Specs and Design Codes:

« ARAMCO Material Specification (2021) — Based on ASTM

D7957

&agowll gsolji

dardizat blishedd in the Decision on Principles for the

This international standard was developed in with i
of .
B

., Guides and

Qﬂm}}? Designation: D7957/D7957M - 22
I

INTERNATIONAL

saudi aramco

Standard Specification for

1 principles on

issued by the World Trade Organization Technical Rarriers to Trade {TRT) Committee,

Solid Round Glass Fiber Reinforced Polymer Bars for

Concrete Reinforcement’
24 February 2021

Materials System Specification

12-SAMSS-027
Standard Specification for Solid Round Glass Fiber
Reinforced Polymer Bars for Concrete Reinforcement

This standard is issued under the fixed designation TI7957MTISTM: the mumber immediacly following the designation mdicates the
ver of original adoption or, in the case of revision. (e year of Lt revision. A number in parentesss indicates the year of last
reapproval A superseript epsilon (e) indicates an editarial ehange since the last revision or reapproval

Document Responsibility: Nonmetallic Standards Committee

1. Scope

1.1 This specilication covers plass lber reinlorced polymer
{GERP) bars, provided in cul lengths and bent shapes and
having an external surface enhancement for concrele reinlorce-
ment, Bars covered by this specification shall meel the require-
ments for geometric, material, mechanical, and physical prop-
erties described herein.

1.2 Bars produced according to this stundard arc qualificd
using the test methods and must meel the requirements piven
by Table 1. Quality control and certification of production lots
ol bars are compleled using the test methoeds and must meet the
requirements given in ‘Table 2.

1T L. e B AL aifaaatan e e '

system shall be used independently of the other, and values
from the two systems shall not be combined.

1.7 This standard does not puiport (o address all of the
safery concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safery, health, and environmental practices and derer-
mine the applicability of regulatory lmilations prior (0 use.

1.8 This international standard was developed in accor-
dance with internationally recognized principles on standaid-
ization established in the Decision on Principles for the
Developmeni of liternational Standards, Guides and Recon-
mendations issued by the World Trade Organization Technival
Barriers to Trade (TBT) Comminee,

ASTM D7957 “45 GPa” — Straight and Bent Bars

Bz 2 ¢ FooT
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Current Specs and Standards
Updated Specs and Design Codes:

e GSO Material Specification (2017) — Based on CSA S807-10

A pdl gaddd) § gl o glatlf | gpudae (§ gal (g i Aduh a $807-105
GCC STANDARDIZATION ORGANIZATION (GS0) e Ssociation :

“Ajug Adog ssaquay

Specification for fibre-reinforced
polymers

GSO 24882015 (E)

“PaNqIyO.d uonnqsig

Gy} o] Al ot gl paslodh (ot ¢ Lol ) sl
Specification for fiber-reinforced polymers (FEP):
FRP (Bars, Grids and sheet)

CSA S807 “40, 50, and 60 GPa” — Straight and Bent Bars

] ez 12 ¢ FROT :
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Current Specs and Standards
Updated Specs and Design Codes:

* Saudi Codes are being updated.

VISION d_)d (S3gaut! ULt 39S Ak g3 ALont)
23;;;30 Saudi Building Code National Committee

dpgaual dslaall
KINGDOM ﬂdlafl.lﬂl ARABIA Mnﬂfﬂ-ﬂ
Suudl bullding Code

aruinill gpagsall agsii

SBC 302 - AR
b lyi ]

E@ggﬂg &J € FDO‘:ﬂ 10


http://cici.um-sml.com/

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

Outline

The key points in this presentation include:

* GFRP-RC Projects — Lessons Learned and Impact
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GFRP-RC Projects — Lessons Learned and Impact

* Experience from projects designed with GFRP:
* Jizan flood mitigation channel (Salan et al., 2021)

* SPARK Bridge (Bader et al., 2023)

e Salan et al. 2021 “A Monumental Flood Mitigation Channel in Saudi Arabia - The 21 km

long lining is the world’s largest concrete structure reinforced with GFRP bars” ACI
Concrete International.

* Bader et al., 2023 “The Heart of Innovation in SPARK, Saudi Arabia The first bridge deck
reinforced with GFRP bars in the GCC” ACI Concrete International.

Eaﬁgﬂg &J f FDO‘;ﬂ 12
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Jizan Flood Mitigation Channel

* Original design was made with ECS for a 50-year service life, during
which minor maintenance would be needed.

* In line with Aramco strategic decision to use nonmetallic
reinforcement in concrete structures in company facilities, the
design was changed to GFRP with expected maintenance-free
service life of a 100 years.

Eaﬁgﬂg &J f FDO‘;ﬂ 13
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Jizan FIood Mltlgatlon Channel
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Jizan Flood Mitigation Channel

e Cost analysis

Table 3:
Cost comparison for EC5 and GFRP options based on a

20 x 30 x 0.2 mslab panel
GFRP cost £

Expenditure tem ECS bars, $ GFRP bars, % ECS oost, %
29

Reinforcing barz 9235 2222

I e b I A7 RAadA | AR Q@AM I QM

ECS and GFRP had the same price per linear meter. However,
additional 17% was required for customs and value-added taxes

for the GFRP bars, as they were imported from Dubai, China, and
Russia. These taxes raised the average price of GFRP bars.

15
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SPARK Bridge Deck
* The first bridge deck reinforced with GFRP bars in the GCC.

b=1000 mm |
>

GFRP Bar
1 e v ¥ L1 t=200mm
! ] a 2|
_1_— Clr = 40 mm
(a Concrete Section
b=1000 mm |
% >
L B e ] GFRP Bar
== " e - i 0 L] v t= 300 mm
S 4 <]
L8 a &

Concrete Section

55 sections: (2) bridge deck; and (b) approach slab (from

1|; Clr =40 mm
ib)
Fig.: C

* Life cycle cost analysis showed savings of just over 314,462 USD
are anticipated with the GFRP option in the 100-year period.

E@ggﬂg &J f FDO‘ﬁ 16
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Outline

The key points in this presentation include:

* Local Manufacturing and Supply

Eaﬁfgﬂg &J f FDDﬁ 17
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Local Manufacturing and Supply

Now, there are local manufacturing and supply in Saudi Arabi and
more projects are expected due to:

* The support and the vision for durable and sustainable design of
infrastructure projects with extended service life.

* Availability of local raw materials.

* Updated specs and design codes (ASTM D7957; ASTM D8505; CSA
S806; ACI 440.11; AASHTO GFRP 2" Ed.; CSA S6).

IN-LB Iz -Pound - nits 5806' 1 2
An ACI Standard ! CSA

STANDARDS
Building Code Requirements
for Structural Concrete
Reinforced with Glass Fiber-
Reinforced Polymer (GFRP)

Bars—Code and Commentary Design and construction of building

structures with fibre-reinforced
Reported by ACI Committee 440 OI mers

E@ggﬂg &J € FDO‘:ﬂ 18


http://cici.um-sml.com/

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

Outline

The key points in this presentation include:

 Alternative Rebar Plant (ARP)

* Most Recent GFRP Manufacturing Facility Inaugurated by Aramco in
November 2023

0" l'—

AR

dcliml) dli JUAg a5 b
ALTERNATIUE REBHR PLANT
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Local Manufacturing and Supply

 Alternative Rebar Plant (ARP) started production in 2023. It is a 100%
Saudi Made GFRP manufacturing facility.

ALTERNATIVE REBAR PLANT il Q X

i s . Persian Gulf :
48 32 ALTERNATIVE REBAR PLANT ! o ;
fe il AL Lo \ y ALTERNATIVE
delialldlyy luad & '1«’5)_' REBAR PLANT ;
il i &) | oubai |

: . ] A
Manufacturer - & \ Midinak F:lfi!\ “Qatar e ‘

5 siall Al i b
Qverview Reviews About A >

~ United Arab

= - —~ o Saudi Arabia Emirates
060 o0®«@ [ -
& - ¥ & ol
aaaaaaaaaaaaaaaaaaa y are i v
,jJL ,,,,,,,,,, Je:‘i-:h
Bk
| "Makkah
@ 3rd, industrial city, Dammam 34332, Saudi Arabia i

(© Closed - OpensBam. ~
@ alternativerebar.com

.  +966 59 663 1807

y L
I Abha
Ll W
/ Suggest an edit
" Sanaa Yemen
Photos & videos Eum € s
g ritrea &

] umme W & FOT 20
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Local Manufacturing and Supply

* ARP established under an agreement with a Canadian Technology
Supplier - Tuf-Bar Inc. - to keep up the Kingdom’s 2030 localization
vision.

* ARP has the capacity to run GFRP bars of sizes from #2 (6 mm) to #12
(38.1 mm).

| [T
ad[1]

il

] umme W & FOT 1
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Local Manufacturing and Supply
* ARP products meet the ASTM D7957; ASTM D8505; CSA S807.

Eagggﬂg &J f FDDﬁ 22
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Local Manufacturing and Supply

* ARP is ISO Certified and runs full in-house quality control. ARP was
inaugurated by Aramco in November 2023.



http://cici.um-sml.com/

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

Local Manufacturing and Supply

* Recently, ARP joined the NSERC Industrial Research Chair (Dr. Brahim
Benmokrane) at the Unlver5|ty of Sherbrooke

Thank You!

Eaﬁfgﬁg &J f FDDﬁ 24
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FRP-SEAWATER SEA-SAND CONCRETE
STRUCTURES

Tao Yu

The Hong Kong Polytechnic University
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Seawater sea-sand concrete (SSC) + FRP

Steel FRP
River sand Sea sand
Fresh water Seawater

————————————————————————————————————————————————————————————

%
JRDS
1STONE

e (Corrosionresistance
. 1
e Use of local materlags

—— o o = =

—————————————————————————————————

Teng Jin-Guang, Yu Tao, Dai Jian-Guo, Chen Guang-Ming, 2011
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A Major Research Project

Theme-based Research Project “Sustainable Marine Infrastructure Enabled by the
Innovative Use of Seawater Sea-Sand Concrete and Fibre-Reinforced Polymer
Composites” (Grant value: around HK$52.4 million; Project coordinator: Prof. YU

Tao) Task 1: Fundamental Task 2: Innovative forms
mechanisms of SSC for FRP-SSC structures
Material chemistry and Structural behaviour
science and analysis
Leader: Chi-sun Poon. PolyU Leader: Tao Yu. PolyU

Deputy leader: Zongjin Li, HKUST Deputy leader: Limin Zhou, PolyU

4 Task 4. Material ) 4 Task 3: Performance\
deterioration evolution monitoring

and constitutive modelling methodology

{ Material deterioration ~ Structural health

science monitoring
Leader: C.K.Y. Leung. HKUST Leader: Tong Sun. City. U.L.
Deputy leader: Florence Sanchez, Vanderbilt \. Deputy leader: Yi-Qing Ni, PolyU /‘
4 Task 5: Structural h

deterioration

and modelling
- Structural behaviour 2
P and analysis <
Leader: Jian-Guo Dai, PolyU

Deputy leader: Sheng-Nian Wang, CCCC )

Bz 2 ¢ FooT ;
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Innovative Forms for FRP-SSC Structures

Sy S OOOOO
Wavy FRP plates —_ | S .
Pultruded FRP profile —._ [y, ° G e e
Filament-would FRP tube \ T~ (a) With half-height FRP spiral
m
(b) With full-height FRP spiral
Concrete ®m FRP Spiral w8 FRP Rebar

FRP-SSC Slabs

Tests of iInnovative beams
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Innovative Forms for FRP-SSC Structures
Innovative FRP-SSC beams

240 8000
210 | Concrete crushing |\ - 7000 =
e
180 - 6000 E_
= 150 ) 5000 w
= ’ o
= 120 '_.-' 4000 £
8 a0 A baoo S
S Begining of a -
60 confinement effect A0, 2000 5
30 e - 1000 g
0 ——— 0 2
30 1000 £

W] 20 40 60 80
TESt SEt-Up Displacement (mm)
Load-Displacement 290

----- Hoop Strain of T mm
= = = Average Hoop Strain of ML&MR
— - -Hoop Sirain of B 200 mm
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Innovative Forms for FRP-SSC Structures

Beam-column connections ool |
-7-6-54-3-2-101234567
0 (%)

B Dz ) & FooT 6
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Innovative Forms for FRP-SSC Structures

Innovative FRP elements

2 - - [ =
(- %

LTTT %

W B Sisp —- - -
) g = = ]

- . -

Sand el
[ d
I

FRP st r'ups |

FRP Connectors
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Innovative Forms for FRP-SSC Structures

FRP grid tube as a confining device

o
(=]

80
70
L 60
=
& 50
[%s]
b
& 40
©
330 — = = DI150-1-1
D150-T-2
20 — — = D150L5-1
D150L5-2
10 - = = D150L10-1
D150L10-2
0
-20000 -15000 -10000 -5000 0 5000 10000 15000 20000
Laterial Strain (ue) Axial Strain (ue)

] ez 12 ¢ FROT :


http://cici.um-sml.com/

FOURTH INTERNATIONAL WORKSHOP ON FRP BARS FOR

CONCRETE STRUCTURES

Innovative Forms for FRP-SSC Structures

FRP grid tube as shear reinforcement

Load Cell

2 4 & 8 10 12 14 16 18 20
Mid-span displacement {mm)
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Field Exposure Tests

> Station I: HZM Bridge Exposure Station > Station Il: Zhanjiang Exposure Station

The West Artificial Island of

Q The Port of Zhanjiang,
Hong Kong-Zhuhai-Macau

China

+ Commencement: 2020, 2021 - Commencement: 2022, 2023
* Exposure duration: 8, 12, 24, 37, 48 months « Exposure duration: 13, 24 months

» Four series of specimens including FRP, SSC, novel structural
elements, FRP-SSC beams and sensors.

B D zme 2 ¢ FooT) 10
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Field Exposure Tests

Tidal zone

Splash zone

T g S e T

B e

Atmospheric zone

- | Marine organisms " SR

! 48 months

Underwater zone |

Atmospheric zone

Marine organisms

i - ¥ — C e e ey e ke n e

- . ”

g b 2 .
g S %
o T | e e S

| _ A 24 months

g 2
" e

10-mm GFRP Bars

(after field exposure for

48 months)

Bz 2 ¢ FooT

10-mm GFRP Bars
(after field exposure
for 24 months)
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Field Exposure Tests

Atmospheric
zone

Splash zone |

e e ————

et < e S
e mm—————
Tidal zone L

10-mm GFRP Bars
10-mm GFRP Bars (after exposure for
(after exposure for 24 months)
48 months)
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Field Exposure Tests

150% Tensile strength of GFRP bars
. w— Atmospheric-I (6-mm)  —e—Splash-I (6-mm)
140% N o Tidal I (6-mm) — = Atmospheric-I (10-mm)
130% | —e— Splash-I (10-mm) —4— Tidal-I (10-mm)
120% H — ®— Atmospheric-II (10-mm) - 4= Underwater-II (10-mm)
E 110%
£100%
2 90%
80%
70% F . Underwater ’
60% Tensile zone _
5004 Strength , , i i Tl(,lal zone ,
0

0 6 12 18 24 30 36 42 48 54
Exposure time (month)
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Field Exposure Tests

Tensile elastic modulus of GFRP bars

150% -
or LI T" Atmospheric-I (6-mm)  =—e— Splash-I (6-mm)
140% 1 o Tidal-1 (6-mm) —=— Atmospheric-I (10-mm)
130% [ —e— Splash-I(10-mm) —&— Tidal-I (10-mm)
1202, H — ®"- Atmospheric-II (10-mm) - #— Underwater-II (10-mm)
E 110% |
£100%
2 90%
80%
0 T
m:h Tensile
60% 1 modulus
5[}% | l | l l l

0 6 12 18 24 30 36 42 48 54
Exposure time (month)
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Field Exposure Tests
<+*Bonded joint specimens

Atmospheric
zone

- - )
Underwater
zone

(O 12 ¢ FooT) .
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Field Exposure Tests

Damage of sand
Pl coating layer
Atmospheric-I

25

25 1

Splash-T Tidal-1 —

<+*Bond-Slip Curves

Bond stress (MPa)

20 0 3 6 9 12 15

:

§ 15

w

2]

a 4

2010 A

g ]

[} 4

[as] J
5 5 -
"+ 0

0 3 6 9 12 15 0 3 6 9 12 15
Loaded end slip (mm) Loaded end slip (mm)
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Field Exposure Tests

<+*Bond Strength

150%

130% A

£110%

3

T 00%
70%

50%

Bond strength of GFEP bars

—=— Atmospheric-I
—&— Tidal -
- #— Underwater-II

—e— Splash-1
— m— Atmospheric-II

0 6 12 18

24

30

36 41 48

Exposure time (month)
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Field Exposure Tests

+Bond Stiffness

200 GFRP-SSC bonded joint
Bond stiffness: secant slope corresponding to 50% bond strength

E 160 Atmospheric Splash Tidal
® {_i_% {_:I:_ 1 .
S oo Y H
(7]
i
,é 1O o B B B O O B I
a
2 40 HILL P
=
s

0

0 8 12243748 0 8 12243748 0 8 12 24 37 48
Exposure time (month)
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Field Exposure Tests

+Bond Stiffness

GFRP-SSC bonded joint

Atmospheric-II Underwater-II

100

80

60

40 |-[EESl - EEEE - - AN

20 |-EEEE - -EEEE - - - (NS

Bond stiffness (MPa/mm)

0 13 24 0 13 24
Exposure time (month)
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Field Exposure Tests
+*Beam Specimens

Spreader beam —

Load sensor

LVDTs '

- Hr 5!

..ﬂ<1&"“'.l*‘“lﬁ

P e e e e e e e e e e e e = e e = e = ey
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Field Exposure Tests

“+*Beams without sustained loading

60

40

Load capac

]
=

=

E ® nserc 1}
cns"G MIAMI

0 10 20

Concrete crushing

_ 30 40 50 60
Mid-span displacement (mm)

§ FooT)

—— L ab condition

—— Atmospheric zone-8M
— Splash zone-8M

—— Tidal zone-8M

— — Atmospheric zone-12M
— — Splash zone-12M

— — Tidal zone-12M

- — — Atmospheric zone-24M
- — = Splash zone-24M

= = =Tidal zone-24M

----- Atmospheric zone-37TM
----- Splash zone-3TM
----- Tidal zone-37TM

— - = Atmospheric zone-48M
— - = Splash zone-48M

— - - Tidal zone-48M
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Field Exposure Tests

Load capacity of GFRP-SSC beams

130%
E 110%
I3
§ 90%
—=— Atmospheric ’
0 |
70% —e— Splash Tidal zone
—&— Tidal
SG% 1 1 1 1 1 1 1 1
] 12 18 24 30 36 42 48 54
Exposure time (month)
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Field Exposure Tests
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Field Exposure Tests
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Field Exposure Tests

—— 81 (w/o SL)-1Y
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Specimens exposed in splash zone
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Field Exposure Tests

GFRP-SSC beams exposed m the splash zone

140
Ew/o sustained load BEw/ sustained load
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g 100 |
£ 80
= W/0 W/0 W/O
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Exposure Station Construction Project, Demonstration
Lvsi Port, Nantong, China Project

Demonstration: FRP-Seawater Concrete Slab
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Sha Tin Sewage Treatment Works ~ Demonstration
Ma Liu Shui, Sha Tin, Hong Kong Project

Demonstration: FRP-SSC Paving Slab

Joint efforts of Tasks 1, 2 and 3

= Optimized SSC mix

» FRP-SSC structural design
= Optical fibre sensors

= Smart aggregates

Constructed in Dec 2022

Source: zh.wikipedia.org/wiki/y>H.5 7K BE it
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Reconstruction Project Demonstration

Lai Chi Chong Pier, Hong Kong Project

Demonstration: FRP-SSC Slabs The slab

Design completed, expected to
be constructed in late 2024
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Wave Wall Construction Project Demonstration
Lei Yue Mun, Hong Kong Project

Demonstration: FRP-SSC Wave Wall

= @ Mingstodo | M 3 2 o § ma AO
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N e
9 Y el
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Source: https://www.google.com/maps Source: CEDD, Hong Kong

Design completed, expected to be constructed in late 2024
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Mock-up Frame

Winding wavy-shaped FRP tubes
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Concrete casting

Mock-up Frame 25 May 2023
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MOCk-up Frame Installation
31 May 2023
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Thank you for your attention!

Tao Yu, Email: tao-cee.yu@polyu.edu.hk
The Hong Kong Polytechnic University
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