FRP Design Tools, Composite Bridge Beam
Implementation & Pedestrian Bridges

TRB 2020 — AFF80 Workshop on FRP Deployment in Transportation Infrastructure
(January 12, 2020)

Presenter: Steven Nolan
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FRP for Concrete and Composite Structures

1. Introduction 3. Design Rules & Tools for FRP Members
e Where are we?... Where do we (Composite Bridge Beams and Other
want to go?... How do we get Structures)
there?
e Tools

2. Design Rules & Tools for * Bidding Strategies

CFRP-PC and GFRP-RC
4. Composite Pedestrian Bridges

e Girder Systems
* Truss Systems

* Tools
* Design
e Justification
5. Needs - Tools, Research, Certification.

| i e Delivery . , , §
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Introductlon — Roadmapping Rules and Tools for
Transportation Infrastructure

Progression of Implementation:

* Repairs and Strengthening - 1990’s >

* FRP Structural Members (mostly Pultruded and VARTM) - 2008, 2012 -
e CFRP-PC strands & FRP-RC rebar (Glass) - 2017 & 2012/17 -2 Basalt?

Putting it all together:
* Rules, Tools, and Implementation Strategies

“Mainstreaming”:
* Codes & Standards
 Certification (Products, Systems, & Producers)

* Training (Designers, Inspectors, & Contractors) ﬁ
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Introduction - Roadmapping FRP for
Transportation Infrastructure

Where Are We?
e Southeast (FL, LA, KY, VA, WV)

Northeast (ME, NY)

... Midwest

Mid-west (MI, OH)

bxrag Southeast e

Southwest

Southwest (TX)

West (OR)




& |L%l= — TRB 99th Annual Meeting

=7 | Sy January 12-16, 2020 AFF80 Workshop - “Mainstreaming FRP Design”

Introduction - Roadmapping FRP for
Transportation Infrastructure

Where do we want to go?
* AASHTO LRFD BDS Integration
* Individual Guide Specs vs Broader Guidelines? 2020 G Edl
 ASTM vs. AASHTO Materials Specs A AEne s 2023 - 10" Ed.

. (o . . . - th
 Manufacturer/Producer Certification? Bridge Design 2026 - 11" Ed.
Specifications
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Introduction - Roadmapping FRP for
Transportation Infrastructure

How do we get there?
* AASHTO LRFD BDS Integration
* Individual Guide Specs. vs Broader Class Guidelines?
 ASTM vs. AASHTO Materials Specs
 Manufacturer/Producer Certification?
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Design Rules & Tools for CFRP-Prestressed
Members

e Standards

ACH A AR
Fetbpywoved 001

—_—
e R

Prestrossing Concrete Structures
with FRP Tendons

Magerted by ACI Coravies o

Guide Specifications for the
Design of Concrete Bridge
Beams Prestressed with
Carbon Fiber-Reinforced
Polymer (CFRP) Systems

oS
@i 7 American Concrete Institute”
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Design Rules & Tools for CFRP-Prestressed
Members

e Standards

* AASHTO Guide Specification for Beams Prestressed with CFRP
Systems (2018)

* ACI 440.4R-04
 FDOT Spec 933; Michigan DOT Special Provisions for CFCC;
 NCDOT Demo (Harkers Island Bridge Replacement);

 VDOT FHWA/VTRC 19-R1 (Nimmo Parkway/West Neck Ck) & |-64
High Rise Bridge;

 FDOT Standard Prestressed Piles (Index 455-100 & -440 series)

o


https://www.fdot.gov/programmanagement/Implemented/SpecBooks/default.shtm
https://mdotjboss.state.mi.us/SpecProv/getDocumentById.htm?docGuid=4d2c3423-06f5-4d13-a76a-63b57a2dc155&fileName="Prestressed Concrete Beam Special (CFCC)-12RC708(A710)-01-12-19-18.pdf"
http://www.virginiadot.org/vtrc/main/online_reports/pdf/19-r13.pdf
http://www.virginiadot.org/VDOT/Business/asset_upload_file790_3638.pdf
https://www.fdot.gov/design/StandardPlans/current/default.shtm#Bridges
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Design Rules & Tools for CFRP-Prestressed
Members

MDOT

LRFD Design Example for:

* Design tools
CFCC Prestressed Precast Concrete
* FDOT Prestressed Beam Program Bulb T-Beam with Cast-In-Place

(Mathcad) Concrete Slab

* Michigan DOT/LT CFRP Design Guidelines
& Program- select “Modeling Bridge”

* FB MultiPier (piles) - pending material
libraries

TRB Webinar: Advanced Structural Materials for Concrete INTERIOR BEAMS B-J  WEST FASCIA BEAM A
. MEDIAN FASCIA BEAM K STRAND LOCATIONS
Bridges (December 3, 2019)

STRAND LOCATIONS
+ DESOND 6 FT EACH END



https://mdotjboss.state.mi.us/SpecProv/trainingmaterials.htm
http://www.trb.org/ElectronicSessions/Blurbs/179843.aspx
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Design Rules & Tools for CFRP-Prestressed
Members

9.2.1 Substructure (Rev. 01/20)

A. Prestressed Concrete Piling; cost per linear foot (furnished and installed)

. Driven Plumb Driven
Size of Pilin
¢ COSt G U |d a n Ce g or 1" Batter! Battered’

i 2 $90 $125

° FDOT SDG 9.2 18-inch w/ carbon steel strand
- 24-inch w/ carbon steel strand? $100 $140
(pl |eS) 30-inch w/ carbon steel strand? $150 $210
. 18-inch w/ CFRP or Stainless Steel Strand $135 $160

~Ny

° $3 premiu m/ft. 24-inch w/ CFRP or Stainless Steel Strand $150 $210
St ran d 30-inch w/ CFRP or Stainless Steel Strand $225 $280

1 When highly reactive pozzolans are used, add $6 per LF to the piling cost.
2 When heavy mild steel reinforcing is used in the pile head, add $250.



https://www.fdot.gov/structures/structuresmanual/currentrelease/structuresmanual.shtm
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Design Rules & Tools for FRP-Reinforced
Concrete Structures

e Standards
* Design tools

e Cost Guidance
e LCC & LCA
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Design Rules & Tools for FRP-Reinforced
Concrete Structures

e Standards

* AASHTO LRFD Bridge Design Guide Specification for GFRP-
Reinforced Concrete (2018)

* ACI 440.1R-15 (building code update in process)
* Materials - FDOT Spec 932-3; ASTM D7957-17

* Pre-designed Elements: FDOT Concrete Sheet Piles &
Bulkhead Caps (Index 455-440)  Fiwet  typicai cap petais

rrrrrrrrrrrrrr M
A gfff of y O cast-in-place (in.)
irrups c te C
<_E 5555555 ) / eeeeeeee \ |
g——t——+— [ | | ] between pile
F N 1 \ - X | Slots
-F .; ; Longitudinal
T E Bars (Typ.)
S [ N I || <
eeeeeeeee 5 * T : Typ) =
A N 5 ! ' 7
N ' '
&_ L R . [] '
] lles—s\ L ' . I o
6" 5}
PARTIAL ELEVATION fin
N
SECTION A-A



https://www.fdot.gov/design/standardplans/current/default.shtm
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Design Rules & Tools for FRP-Reinforced
Concrete Structures

This imterastivnal stzadant wis devepod b accardsaace with imernatieanally ricagniond priscipies 1o stasdardization estabiisbed in the Dechisn o Princples fer Se
Derelopeeer of Internatiern) Staseards, Gubden arel Recummendstivns souied 2y e World Tradde Organizatices Tuchsical Burriers tn Trake (T5T) Carerdttor.

o\l ACI 440508 o .
. Sta n d a rd S Des\g . e mﬂ'mg}n?“ Designation: D7957/D7957M - 17 Oter\o\s
Guide for the Design and u C‘t‘O n Standard Specification for \\/\

Solid Round Glass Fiber Reinforced Polymer Bars for
Concrete Reinforcement’

Construction of Structural Constr
Concrete Reinforced with
Fiber-Reinforced Polymer
(FRF) Bars Specification for Construction
with Fiber-Reinforced Polymer

Reinforcing Bars

An ACI Standard

Feported by AC1 Commites 110

Reponied by ACI Commitioe 440

2. Referenced Documents

2.1 ASTM Sta
AG1S/AG15M Sp

ose in tables) shall not be ¢

-.-Q requirements of the specification.
NN . . . 14 following FRP materials are not covered by this
1 American Concrete Institute specification:
v 1.4.1 Bars made of more than one load-bearing fiber type
( ¥

ACI Committee 440:
Plan is to get remaining code
chapters balloted at main by Bailot | Balot | Negative | Acifor | Review | woTAe | tohm |

Document by Sub | by 440 | 440 Main | TAC Comments for

Sprlng 2020 a nd Clea Nu p Main Ballot Review Ballot Layout
Complete |[Complete | Complete Spring

outstanding issues by Fall 2020 HO-HCODE  |cisois fpring 2020 rail2020 | 2021

Bar Const. Spec

( GOL‘ Asreican Cancrte bttt

Public comment phase
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Design Rules & Tools for FRP-Reinforced
Concrete Structures

* Design tools
* FDOT Pile Bent Cap Program (Mathcad)
* FDOT CIP Flat Slab Bridge Program (Mathcad)
* FDOT CIP Retaining Wall Program (Mathcad)
* FDOT CIP Box Culvert Program (Mathcad)
 Commercial interest (DeepEx, FB-MultiPier, etc.)



https://www.deepexcavation.com/en/deepxcav-2011
https://bsi.ce.ufl.edu/products/overview.aspx?software=7

AFF80 Workshop - “Mainstreaming FRP Design”

Design Rules & Tools for FRP-Reinforced
Concrete Structures

* Design tools
* FDOT Pile Bent Cap Program (Mgt

Exe (Zip)

Box Culvertv4.0 11/07/2018 (Mathcad 15)

GFRP-RC in development !

Prestressed Exe (Zip)
Beam v5.2 10772018 \athcad 15)
CFRP-PC Beta version **

Bent Cap v1.0 11/07/2018

J Retaining Wall

v3.3

Exe (Zip)
(Mathcad 15)
GFRP-RC included (3b)

Exe (Zip)

10772018 (vathcad 15)

GFRP-RC Beta version **

** Available on request

Florida Department of
F D DT TRANSPORTATION E-Updates | FLE11 | Site Map
N | Search FDOT. [>|

P

Home About FDOT ContactUs Maps & Data Offices Performance Projects

Structures Design  https://www.fdot.qov/structures/proglib.shtm

Structures Design

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

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

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

Design Specification.

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

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



https://www.deepexcavation.com/en/deepxcav-2011
https://bsi.ce.ufl.edu/products/overview.aspx?software=7
https://www.fdot.gov/structures/proglib.shtm
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Design Rules & Tools for FRP-Reinforced

* Design tools

e TXDOT IGFRP
(Oct, 2019)

Concrete Structures

Bundly Aars OA with
Bars G in overhangs
12 Spaat 34 - 3-6'y

ee bottom mot detail
wlisewhare in plans

K {on 5labs

fofe gt WitH breakacks)
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i
Panel (Typ)

in plans
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o See Slab Design Tatle

e
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See Slab Design Tobie o

SECTION OF THICKENED SLAB END
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PLAN FOR SLABS WITHOUT BREAKBACKS
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g
2
s
S Lo 5 B3]
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SECTION A-A

Showing Thickenad 51ad End wit
PCP Option 1. Gption 2 similar.

h
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Siap thickness
pius 2 min.

- 15'-[

Thickened slab ecd. See 1675 j/ \
or bottom mat reinforcement

SECTION 8B-B

(i) Place Bars 04 midway catween Bars A at overhong.
(2) Bers are continuous thraugh joint.

(3) Thickened siav ens dimensioned perpendicular to
Face of bkwl, centerfine interiar bent o foce of
imverted-T stom.

HL93 LOADING SHEET | OF 2

Do

M exsx Dapoctment of Transportstion | Standard

GFRP SLAB TOP MAT
REINFORCEMENT
PRESTRESSED CONC I-GIRDER

IGFRP
IR [ Ta027_[or T [, Tt [ 0T
DT dssva 1T o ] I T
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e
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Design Rules & Tools for FRP-Reinforced
Concrete Structures

N

o D es | g ner too I S/a | d S https://mac.fdot.qov/smoreports
° P rod u Ce r./ P ro d u Ct FDO‘:ﬂ Generated: 5/28/2019 6:08:38 PM

= Fiber Reinforced Polymer Production Facility Listing
approval

FRP-02 OWENS CORNING (BELYTHEWOOD, SC)

FDOT State Materials Office, 5007 N.E. 39th Avenue, Gainesville, FL 32609 (352) 955-6600

_— —
Company: Owens Comning Infrastructure Solutions FRP-07 PULTRON (DUBA”
Contact:  .John Amonett Email:  john.amonett@owenscoming.com Company:  Pultron Composites Lid
Phone: (419) 819-9739 Fax: Contact:  Bogdan Patrascu Email:  bogdan@pultron.com
Ph T |Add : Mailina Addrace: | . . :
ysical ress FRP-06 PULTRALL Phone: (714} 880-89533 Fax
1061 Jenkins Brothers Rd Physical Address: Mailing Address:
Blythewood, SC 29016 Company:  Pultrall Inc |
. e — Emmile v fstin @bl k o 5404 Strest -
Contact: Building 10 Jebel Ali Frg FRP-08 ATP
. | Phone:  (FRP-12 TUF-BAR INC (EDMONTON CANADA)
QC Plan Status: Quality | Company: ATP
Physical Adt Company:  Tuf-Bar Inc UNITED ARAB EMIRAT]
#04 GFRP BAR pany: ' Contact:  Aniello Giamunda Email: a.giamundo@atp.sa.it
#06 GFRP BAR | Jrooo™® M€ Contact:  Mathan Sim Email:  nathan@tui-bar.com QCPlanStatus: QU o s iy Fax:
#06 GFRP BAR | cayapa | Phone: (780) 448-9338 Fax: #04 GFRP BAF ppysical Address: Mailing Address:
Physical A : Mailing Address: .
:E: EEEE z:: oc Pian sl Ysles ddress g #05 GFRP BAF ;. 0.0 0 via Gampa 54
| e | 5715-76 Avenue 5715-76 Avenue #06 GFRP BAI TALY ITALY
#04 ¢ CANADA CANADA #08 GFRP BAI
r % QC Plan Stal . o PO  n
#05 € ) FRP-14 TUF-BAR INC (ONTARIO CANADA)
QC Plan Status: Quality Contrel Plan ACCEPTED 3/19/2019 #03 ¢
#06 € . _ ) _ Company:  Tuf-Bar Inc. p
#03 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrete, #3 #04 ¢ -~
i | ] ! ) i Contact:  Jay Christopher Email:  jay@tufbarcanada.com %
1 #04 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrete, #4 #05 ( ) \
Phone:  (519) 833-5050 Fax: \
#05 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrete, #5 #06 { physical Address: Mailing Address:
#06 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrete, #6 #08 € 7 coin park Dr 7 Erin Park Dr
#07 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrete, #7 1 CANADA CANADA
#08 GFRP BAR Glass Fiber Reinforced Polymer Reinforcing for Concrete, #8

QC Plan Status:  Quality Control Plan ACCEPTED 12/11/2017



https://mac.fdot.gov/smoreports
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Design Rules & Tools for FRP-Reinforced
Concrete Structures

(8]
% FTR ANSP!
ADE I’I\RT,\“‘._\XT OF
FL()R\D.- A

e Cost Guidance

D. Reinforcing Bars and Post-tensioning Steel
1. Steel Reinforcing Bars; cost per pound:

Carbon Steel, ASTM A615, Gr. 60 or 75 $1.05
Low-Carbon Chromium Steel, ASTM A1035, Gr. 100 $1.30
Stainless Steel, ASTM A955, Gr. 60 or 75, or ASTM A276, UNS $4.05
S31653 or S31803 T L

2. GFRP Reinforcing Bars, FDOT Standard Specifications 932-3; cost per linear foot.
Add $1.00 per hook, or bend for stirrups, and $1.00 per revolution for circular

spirals.
#3 #4 #5 #6 #7 #8
$0.60 $0.95 $1.15 $1.40 $1.80 $2.25
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Design Rules & Tools for FRP-Reinforced
Concrete Structures

FDOT Corrosion-Resistant Rebar Cost Comparison
$6.00 7 ~

s
4

~

' 4

$5.00 $5.00 .

/’ X
$4.50 . // !
$4.00 e el i

BHC Rehab 2016

NE23rd Bid 2019

FDOT Expo 2017
—o— RS Means 2016

e Cost Guidance

Recent FDOT Bid Tabs:

Installed Cost / Linear Foot
o5
N
(@)
(@»)

GFR.P Bar AlA. Seawalll HRB Bid |NE23rd Bid —a— Mateen 2014 (>40KLF)
Size Bid 2018 2016 2019 Hughes Bros. 2014
43 —eo— Pultrall 2014
#4 $1.00 $1.00 -+ -+ Black (FDo_T)
=@ = Low-Chromium (FDOT)
#5 $1.45 21-10 21-68 $0.00 —e -Stainless (FDOT)
#H6 1.40 1.68 '
#3 #4 #5 #6 #i #8 #9 #10 #11 s
#H7 . \.%.
4o $1.70 62,29 Rebar Size \
#9
#10 $4.37

F ‘B BRL R A% 7]
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Design Rules & Tools for FRP-Reinforced
Concrete Structures

Unit Prices for Rebar

(Materials-only, except as noted; early 12)

e Cost Guidance Cost/l MMFX-2 (stock -
e FHWA Presentation £
. Ay Solid SS (#7) 2.02-
2012 - Industry Meeting —
Basalt FRP
Cost Comparison of Corrosion (10 mm)

Resistant Reinforcing Steel Purple ECR ($$/it)*
(includes fabric.) 118 FRP ($$/sq ft)*

Deployment Considerations
Z-bar (includes 1.25- (#5 and #6)
Louis N. Triandafilou, P.E. fabric. & transport.) 1.50 ($$/lin ft)*

FHWA Office of Infrastructure R&D
Team Leader — Bridge & Foundation Engineering Team
(202) 493-3059
lou.triandafilou@dot.gov
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Slides presented at ACI Hot Topic Session on 10/20/2019 by:

Richard F. Bertz, PE, PS Cost Compa risons (ODOT brldge dECkS)

CEO/President
Industrial Drive over the Cost Per Square Foot
Maumee River of Deck

The Mannik & Smith Group, Inc.

Anthony Wayne Trail over NSRR Cost Per Square
Foot of Deck

Epoxy Coated Reinforcing $11.805/SF

Epoxy Coated Reinforcing $8.052/SF

GFRP Reinforcing (GFRP 15t Edition) $9.587/SF GFRP Reinforcing 510.609/SF
GFRP Reinforcing (GFRP 2" Edition) $8.736/SF * Cost information is from Engineer’s estimate
* Cost information based of Contractor bid prices * Price of epoxy reinforcing @ $1.15/LB

e Price of epoxy reinforcing @ $1.00/LB e Recent increase in steel cost (15%-20%

Increase)
e Cost information is from Engineer’s estimate
Foot of Deck * Price of epoxy reinforcing @ $1.15/LB
Epoxy Coated Reinforcing 510.104/SF * Recent increase in steel cost (15%-20%

GFRP Reinforcing (w/ Mech. Conn.) $10.025/SF Increase)
GFRP Reinforcing (w/o Mech. Conn.) $8.563/SF * Mechanical connectors $20/bar (Assumed)


http://www.dot.state.oh.us/districts/D02/newsreleases/Pages/Anthony-Wayne-Trail-Bridge-Replacement-.aspx
https://www.bidx.com/oh/proposal?contid=HEN22984
http://www.dot.state.oh.us/districts/D02/Pages/Future-I-475.aspx
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Design Rules & Tools for FRP Members (Composite
Bridge Beams & Other Structures)

 Standards

Design (LRFD) fP It d d
Fiber Reinforced Polymer (FRP)
Structur

:DESIGN OF
CONCRETE-FILLED

s by Regm e b Sveg o4

Design of Bonded FRP
Systems for Repair

2od Steaneibasina o
20d Strengthesing of
Ceacrete Bridee Elemants

First Editica 2012
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Design Rules & Tools for FRP Members (Composite
Bridge Beams & Other Structures)

FLORIDA DEPARTMENT OF TRANSPORTATION

District 7 Structures Design Office FPID: 430021-1-52-01
PROJECT: Haills River Road Bridge - 100% Submitzal PREPAREDBY: F7M
SUBJECT: HCB Design - Interior Beam - Intermediate Spans - Final Phase CHECKED BY: _MMRS _
* SDG: Structures Design Guidelines, FDOT Structures Manual volume 1, 2015 ki
° *  SDM: Structures Detailing Manual, FDOT Structures Manual volume 2, 2015 kef = =
o « AASHTO LRFD:AASHTO LRFD Bridge Design Specifications, 7th Edition, 2015 with 2015 interim revisions ﬁ3
e S I g n O O S * Spec: FDOT Standard Specificaitons for Road and Bridge Construction, 2016
* Index: FDOT Design Standards, 2016
 FDOT LR Manual: Bridge Load Rating Manual, FDOT, July 2015.
* LRFR:AASHTO Manual for Bridge Evaluation, FDOT, 2014 Interim Revisions to 2010 edition.
([ H C B WO r S e et « HCB DM: AHybnd-Composite Beam (HCB) Design and Mantenance Manual.
3. INPUT:
o Ve d 0 S Oft a e 3.1 Geometry: Compression Arch
N I war S N
Bridge: - 3
nierororbExenon .. oo bemtype = "Interior”
Overal width of bndge (final phase)................... Width e = 578 + 9.75in = 57.813 ft
Curb to curb width of bridge (final phase)............ Width ¢ = 408
Width of Barier. Widthy ey = 156t
Skew ofbidoe:....c.iii i Skew := Odeg
Qverhang length from CL ofexienor heam__.... Overhang := 3ft + 2.5in = 3.208ft
spanEngh. Lspan =37t + 2in=37.17#
Beamoveralllength ... Lieam = 36ft + 2in = 36.17f Tension Relnforcement
- Galvanized P/S Strand
Beamdesign length.................oooooooe. Lyes = 35t + 1.5in=35.13# - Fiberglass Cloth
FRP Shell
BEaMISDaEINY e o Speg == 6ft + 7.625In = 6.635ft

430021-1 Halls River - 100% 10f85
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Design Rules & Tools for FRP Members (Composite
Bridge Beams & Other Structures)

* Design tools

|
2

'I_l_

J‘d‘: FJ L -F_D.EAT ,):5\;2‘1?::2:;2')4 THREE-SIDED CONCRETE CULVERT DETAILS I L;z}s [ ;;t;-s .
Potential format: FDOT Index D296 Three sided Concrete Culvert Details IDDS-D296



https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/roadway/ds/dev/d00296.pdf?sfvrsn=5e186c24_2
https://fdotwww.blob.core.windows.net/sitefinity/docs/default-source/roadway/ds/dev/idds/idds-d00296.pdf?sfvrsn=f2e86be5_2

AFF80 Workshop - “Mainstreaming FRP Design”

Design Rules & Tools for FRP Members (Composite
Bridge Beams & Other Structures)

* Bidding Strategies

Tension Reinforcemen t $
- Galvanized P/S Strand

- Fiberglass Cloth

FRP Shell

"5.

= S e

-~ 4 "‘ - » “ =
g SN

HN \\*\\ R\ ¥

A \‘

:DESIGN OF
CONCRETE-FILLED

e e IR
40

“Detail-Build” option:

MnDOT SP 531 Detail-Build Bridge Structure bid book describes the process.

- allowing bid options for relatively straight forward bridge projects (or bridge
elements)

- requires the contractor to complete the design according to the requirements in
SP 531.

For projects with prefabricated elements it allows the contractor select the best

option based on cost, product availability and preference; and allows the owner to

include proven proprietary products as bid alternates.

Examples:
Industry, Sawyer Bridge — Detail Build buried structure (34’ span)
Bid Date: 12/19/2018
North Berwick, Staples Bridge — Detail Build short span bridge (40’ span - no FRP
option)  Bid Date: 1/8/2020

MnDOT used this process for approximately 10 years with good success witha 4 or 5
week bid period. Avoid any projects with complexities that require in-depth design.

—



http://www.maine.gov/tools/whatsnew/index.php?topic=DOT_projects&id=860863&v=full-archive-2016
http://www.maine.gov/tools/whatsnew/index.php?topic=DOT_projects&id=1765068&v=full-planholder-rfi-2016
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Needs — Design Tools, Research & Other

* What do we need to get in the Bridge Code?
* AFF80 Research Needs Statements (priorities)
 NCHRP options (Scan, Synthesis, Research ?)

e State DOT research programs vs. Pooled Fund

* s FHWA's Every Day Counts (EDC-6) important for FRP
(Jan 21, 2020 deadline)?

* FHWA Accelerated Market Readiness (AMR) and other
programs (previous BAA Apr 22, 2019, 2020 pending)?



https://www.fhwa.dot.gov/innovation/everydaycounts/callforsuggestions/
https://www.fhwa.dot.gov/innovation/amr/
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Needs — Design Tools, Research & Other

* What more do we need to get in the — —
B ri d g e C O d e ? Special Committee on Research and Innovation

FY2021 NCHRP PROBLEM STATEMENT OUTLINE

0 1. Problem Title
o AS H TO R N S ( Re S e a rC h ) Developing AASHTO Specifications for the Use of FRP Auxiliary Reinforcement in Prestressed

Concrete Beams and Girders

* PC Beam Auxiliary FRP Reinforcement | = sasom

. Fiber Reinfarced Polymers have made significant progress in highway structures as corrosion
S u b m Itte d mitigation to extend the service life of structures especially in aggressively corrosive
environments. In the effort to further facilitate the use of these materials, AASHTO developed
the AASHTO Guide Specification for the Design of Concrete Bridge Beams Prestressed with CFRP

B : Systems (AASHTO-PBCFRP) and the 2nd edition — AASHTO LRFD Bridge Design Guide Specifications
* Competitive materials: NCHRP 12-120 Jor i enfores et ST 30070
V{4 d The design of prestressed beams and girders, includes prestressing and auxiliary reinforcement
Staln less Ste e, Stran dS for Pres tressed for cowfinemen.t, splitting, inte_rface shear and transverse shear. Currently in thle design Df.
durable {corrosion free/corrasion-resistant) prestressed concrete beams and girders, engineers
. y/i could use Carbon Fiber Reinforced Polymers (CFRP) prestrassing according to the AASHTO-
Brl dg e Elem en ts PBCFRP or Stainless-steel reinforcing according to the AASHTO LRFD Bridge Design
Specification(AASHTO-LRFD) or shear in accordance with ACI 440. Engineers do not have
specifications to guide them in the design of Fiber Reinforced Polymers (FRP) reinforcement
auxiliary reinforcement.

While stainless steel reinforcing is durable and can meet the load and durability demands,
Carbon Fiber Reinforced Polymer(CFRP), Glass Fiber Reinforced Polymers (GFRP) Bars and Basalt
Fiber Reinforce Polymer (BFRP) reinforcing could provide a more economical solution. However,
the behavior and the mechanical properties of CFRP, GFRP and BFRP bars are different from the
traditional steel bars which are the basis of the current specifications, design methodology and

procedures. Therefore, there is an urgent need for research and development of specifications

and guidance for the use of FRP bars for auxiliary reinforcement in prestressed concrete beams.



https://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=4754
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Needs — Design Tools, Research & Other

* What do we need to improve efficiency for Bridge Code?

e Elastic Modulus
e Sustained Stress Limits
* Fatigue Limits

From: M.Rossini, F.Matta, S.Nolan and
A.Nanni, Extended Abstract “Overview
of Proposed AASHTO Design
Specifications for GFRP-RC Bridges 2nd
Edition using Case-Specific Parametric
Analysis” (2017)
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Figure: Parametric analysis of flexural design algorithms per
AASHTO GFRP-RC 2 edition for HRB Bent Cap
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Questions?

 What Tools are Still Needs:
* For Design
e For Product Acceptance
e For Contract Delivery
* For Inspection




