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Learning Objectives

* Demonstrate GFRP performance and use in hundreds of real life
bridge projects

* Understanding how GFRP removes corrosion from the equation — Life
Cycle Costing

* Seeing exponential growth as various design codes, specifications and
corrosion policies evolve

* Understanding how applications expand as engineers utilize its
performance and Codes




Presentation Qutline

* Why GFRP composite reinforcing — Pg 4

* Design codes and certifications—Pg 6

* GFRP overview —Pg 8

* Life Cycle Costing/Carbon footprint — Pg 10
e TL-5 barrier crash test—Pg 12

* Examples of castin place bridges — Pg 15

* Rehabilitation — Pg 48

e Examples of precast bridges — Pg 54

* Conclusion—Pg 72
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Why GFRP Composite Reinforcement

As engineers strive to deliver owners with more sustainable, safe and durable concrete
structures, glass fiber reinforced polymer (GFRP) reinforcing is being used in innovative
waysin a large range and scope of bridge decks and other structural components.

As opposed to more concrete cover, inhibitors or other corrosion protection measures,
take care of the root problem in utilizing high performance, non-corrosive V-ROD GFRP!
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AASHTU LRFD BPldgE Guide for the Design and

Construction of Structural
Concrete Reinforced with
Fiber-Reinforced Polymer
(FRP) Bars

Design Guide Specifications
for GFRP-Reinforced Concrete

Reported by ACI Cor

2" EDITION

ACI 440.1R-15

§%  American Concrete Institute
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) ) iy ized principles on izati ished in the Decision on Principles for the
Devd o i Cuides und fons issued by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

L'P' Designation: D7957/D7957M - 17

Standard Specification for
Solid Round Glass Fiber Reinforced Polymer Bars for
Concrete Reinforcement’

This standard is issucd under the f
year of orgiral adoption o, in

ly following the designation indicases the
parcatheses indicales the year of kst
pproval.

1. Scope 1.7 This standard does not purport lo address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety, health and environmental practices and deler-
mine the applicability of regulatory limitations prior 10 use.
1.8 This international standard was developed in accor-
dance with internationally recognized principles on standard-
) ) . ization established in the Decision on Principles for the
1.2 Bars produced according to this standard are qualified  peyeopment of International Standards, Guides and Recom-
using the test methods and must meel the requirements given  yenqations issued by the World Trade Organization Technical
by Table 1. Quality control and certification of production lots Barriers to Trade (TBT) Commiltee.
of bars are completed using the test methods and must meet the
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e v = . ) e - 1.1 This specification covers glass fiber reinforced polymer
or STATE HIGHWAY. anig \j==" = 2 e (GFRP) bars. provided in cut lengths and bent shapes and
TRANSPORTATION OFFICIALS N % . . - > N~ 2 . Sice
g = J > having an external surface enhancement for concrete reinforce-
JAWAN HIO ment. Bars covered by this specification shall meet the require-
ments for geometric, material. mechanical, and physical prop-
erties described herein.




Design Codes & Certifications - Canada
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Overview of FRP Composite Reinforcement

With GFRP reinforcing used in hundreds of successful infrastructure projects to date, projects are becoming larger
and more complex. Applications include new or rehab bridge construction of decks/barriers/approach slabs,
sidewalks as well as precast bridge decks, box girders, RSS walls and curbs. Other applications include transit
(LRT/BRT’s), WTP’s, parking garages, hydro/substations, airports, marine structures, mining, MRI’s, tunneling etc

» superior tensile properties

» built-in corrosion resistance (non-corrosive)

» impervious to salt ions, chlorides and chemicals
» electrically/magnetically neutral (non-conductive)
» thermal benefits

» one-quarter the weight of steel

» FRP bridge/building codes and design manuals
including ACI 440.1R and AASHTO LRFD in USA

» complies with ASTM D7957-17 Specification

» can be easily cut ie tunneling soft-eyes

As opposed to traditional design methods and materials, FRP’s are 30% less cost than other
alternatives as Life Cycle Costing evaluates the total costs of ownership.
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#7 #9 #10
pl‘DdUCt Data Sheet s V.RUD 46 (22Mm) (30M) (32M)
Guaranteed tensile strength® MPa | 1000 | 1000 | 1000 | 1000 | 1000 & 850 | 850 800 | 800
(ASTM D7205) ksi 145.0 1450 1450 145.0 145.0 ‘ 137.8 ‘ 123.3 116 ‘ 116

Minimum tensile modulus GPa a6
[ASTM D7205) ksi 6800
Guaranteed transverse shear capacity MPa 160
[ASTM D7617] ksi 23.2
Resin vinylester
. g/m 73.4 150.8 264.5 403.7 567.4 760.5 | 10126 1281.6 18582.2
Weight

Effective cross-sectional area
(including sand coating)**
[CSA SBD6 Annex A}

Ib/fe 0.048 0.17017 | 0.78 0.271 |
mm? 36.5 71.12 123.8 185.8

0.381 0.511 0.680 0.861 1.063
2771 377.2 477.8 604.7 746.6

in® 0.057 0.110 0.182 0.303

0.430 0.585 0.741 0.837 1.187

Effective diameter

mm* 6.65 8.49 12.56 15.61
in? 02862 0.374 0484 0.615

18.52 21.7M 24.66 27.7 30.8
0.728  0.855 0.871 1.081 1.213

Nominal cross-sectional area
[CSA SBO7 Table 1)

mm® 32 71 128 188
in® 0.050 @ 0.110 | 0.188 0.308

284 a87 510 645 818
0.440 0.588 0.780 1 1.268

COMPLIES WITH THE
FOLLOWING STANDARDS:

* GRADE | CSA ss07-10

* GRADE | MTO
* ASTM D7857 n7357-

* The nominal guaranteed tensile strength must not
be used to calculate the strength of the bent portion
of a bent bar. Instead use the minimum guaranteed
tensile strength found in the technical data sheet of
bent V*ROD bars.

** Please contact Pultrall for dowelling applications.

Development and splice length are available upon request
but should be determined by the design engineer.

The guaranteed value presented in this document is the
mean value minus 3 times the standard deviation.

Itis the responsibility of the design engineers to contact
the bar manufacturer to get the latest updates of this
technical data sheet (also available at www.vrod.ca).
For any additional technical results or litterature,

please contact Pultrall.

#2 #3 #4 #5

Product Data Sheet - V*ROD 50 (M) (oM) | (12M) | (15M)

#6 #7 #8 #9 #10
(20M) (22M) (25M) (30M) (32M)

Guarantesd tansils strength® MPa | 1000 1000 @ 1000 | 1000 | 1000 | 1000 = 800 800 | 800
[ASTM D7205) ki 145 | 145 145 145 | 145 | 145 | 1305 | 118 | 118
Minimum tensile modulus GPa 50
[ASTM D7205] ksi 7252
Guaranteed tr se shear MPa 178
[ASTM D7617] ksi 24.7
Resin vinylester

. o/m | 77 157 | 278 | 431 | 18 | 887 | 1122 | 1420 | 182
il b/t | 0052 @ 0.105 | 0187 @ 0.280 0416 | 0.583 | 0.754 | 0854  1.251
Effective cross-sectional area mme | a1 81 | 138 | 214 | 308 | 397 | 528 | 670 | 825

(including sand coating)**
(CSA SBO6 Annex A)

in® 0.063  0.126 | 0.215 0.332

0.479 | 0.815 0.820 1.038 | 1.278

Effective diameter

mmt | 7.2 10.2 13.3 16.5
i" | 0.284 | 0.400 | 0523 | 0.650

18.8 | 225 | 260 | 28.2 323

0.781 0885 1022 @ 115 | 1.27

Nominal cross-sectional area
[CSA S807 Teble 1)

mm* 32 71 128 188
in® 0.050 | 0.110 | 0.188 0.308

284 387 510 | 845 | 818
0.440 | 0.588 | 0.790 1 | 1.268

COMPLIES WITH THE
FOLLOWING STANDARDS:

* GRADE Il CSA ss07-10

* GRADE Il MTO
* ASTM D7857 o7357-

* The nominal guaranteed tensile strength must not
be used to calculate the strength of the bent portion
of a bent bar. Instead use the minimum guaranteed
tensile strength found in the technical data sheet of
bent V*ROD bars.

** Please contact Pultrall for dowelling applications.
Development and splice length are available upon request

The guaranteed value presented in this document is the
mean value minus 3 times the standard deviation.

Itis the responsibility of the design engineers to contact
the bar manufacturer to get the latest updates of this
technical data sheet (also available at www.vrod.ca).
For any additional technical results or litterature,

please contact Pultrall.

but should be determined by the design engineer.

Product Data Sheet - V-RD_D 60

Product Data Sheet - V*ROD BENT BARS 50

Guaranteed tensile strength* MPa 1100 1100 1100 @ 1100 1100 1100 1100 1000 | 1000
[ASTM D7205) | ksi | 158.5 | 159.5 | 158.5 | 158.5 | 159.5 | 158.5 | 158.5 145 | 145
Minimum tensile modulus | BPa | 60
[ASTM D7205) ksi 8702.3
: GTII"I’M:;“Z transverse shear capacity MPa 180 Minimum tensile strength ) MPa 1022 1019 1001 1028 1005 932
[ASTM D7617] | ks | 26.1 [straight portion) (ASTM D7205] ks 148 | 148 | 145 | 148 | 1as [ 144
2 [ Nominal tensile modulus GPa 50
Resin vinylester (stréighic portion] (AsTM 72 " =
w&‘ght g/m | 78 | 175 | 310 | 442 \ 633 \ 883 \ 1127 | 1426 \ 1761 Rikcai el eait == Fr ] s e \ e | o \ A5
b/t | 0052 | 0.118 0208 0297 | 0425 | 058 | 0.757  0.858 A 1.183 (bert portion) (AC 4403 55) e = = = = =
Effective cross-sectional area** mm? 37.2 838 145 2328 326.8 438.2 572.3 724.3 884.2
(including sand coating) [CSASBOE AnnexA] | in® | 0.058 | 0.130 | 0.225 | 0.361 | 0.507 @ 0.678 | 0.887  1.123 | 1.386
ive di mm? 6.9 10.33 13,58 | 17.22 20.38 236 | 26.88 304 337
FTNok e " | 0272 | 0407 0535 0678 | 0.803 | 0.928 | 1.083 | 1.187 | 1.327
Nominal cross-sectional area | "mme | 32 | 71 | 128 | 188 | =284 387 | 510 | 645 | 819 Vavash:om Crillodl 224 iod - 7_75': Z:ﬂ 7;5: 7:: 7;3’: 7151315
el a/r 1 232 3 5
(CSA S807 Table 1) | i | 005 | 0.110 | 0198 | 0308 | 0.440 | 06 | 0790 | 1 | 1.268 9 e T e B e R
* The nominal guaranteed tensile strength must not be used to calculate the Nominal cross-sectional area mw | 7186 12668 | 19753 | 28502 38785 | S0B.71
Available Anchor Heads COMPLIES WITH strength of the bent portion of a bent bar. Instead use the minimum guaranteed n 01105 | 01983 | 03088 | 04418 | 06013 | 07854
THE FOLLOWING tensile strength found in the technical data sheet of bent V*ROD bars. Effective cross-sectional area — 81.60 14570 240,29 332 9§ 433 40 582 72
STANDARDS: ** Please contact for ing applications. (CSA SB06 Annex A] it 01265 | 02258 | 03725 | os1e1 | oss11 | osoee

Development and splice length are available upon request but should be
determined by the design engineer.

The guaranteed value presented in this document is the mean value minus 3 times
the standard deviation.

Itis the responsibility of the design engineers to contact the bar manufacturer to
get the latest updates of this technical data sheet (also available at www.vrod.ca).
For any additional technical results or litterature, please contact Pultrall.

* GRADE lli CSA
S807-10

* GRADE i MTO

* ASTM

COMPLIES WITH THE

et Itis th ibility of the d i the b
t is the responsibility o esign engineers to contact ar
* CSA S807 Grade Il manufacturer to get the latest updates of this technical data sheet
(also available at www.wrod.ca).

* MTO Grade Hl
« ASTM D7957




Life Cycle Costing — Carbon Footprint

Steel Rebar vs. V-ROD
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Life Cycle Costing/LCA

Thomas Cadenazzi,' Giovanni Dotelli,> Marco Rossini,® Steven Nolan,*
and Antonio Nanni®

Life-Cycle Cost and Life-Cycle
Assessment Analysis at the Design Stage
of a Fiber-Reinforced Polymer-Reinforced
Concrete Bridge in Florida

Reference

T. Cadenazzi, G. Dotelli, M. Rossini, S. Nolan, and A. Nanni, “Life-Cycle Cost and Life-Cycle
Assessment Analysis at the Design Stage of a Fiber-Reinforced Polymer-Reinforced Concrete
Bridge in Florida,” Advances in Civil Engineering Materials 8, no. 2 (2019): 128-151. https://
doi.org/10.1520/ ACEM20180113

ABSTRACT

To support and promote the deployment of innovative technologies in infrastructure, it is funda-
mental to quantify their implications in terms of both economic and environmental impacds. Glass
Fiber-Reinforced Polymer (GFRP) bars and Carbon Fiber-Reinforced Polymer (CFRP) strands are
validated corrosion-resistant solutions for Reinforced Concrete (RC) and Prestressed Concrete

Comparing conventional and mnovative bridge deck options: A
life cycle engineering and costing approach

K.J. Kostuk
Industrial Engineer, Federated Co-operatives Limited, Saskatoon, Saskatchewan, Canada

G.A. Sparks
Professor, University of Saskatchewan, Saskatoon, Saskatchewan, Canada

P.N. Christensen
Professional Affiliate, University of Saskatchewan, Saskatoon, Saskatchewan. Canada

G. Tadros
President, SPECO Engineering, Calgary, Alberta, Canadaa

ABSTRACT: Engineering design 1s a complex process facilitated by experience and past prac-
tice. Design methods, concrete and surface options, remnforcement materials, and geometry,
combine to permut hundreds — 1f not thousands — of possible bridge deck alternatives. Given
such a staggering list of possible options, a traditional, stepwise, determunistic life cycle costing
(LCC) approach mevitably bogs down 1n its search for optimality. Moreover, the results
reached fail to inform decision-makers of the risks surrounding each deck alternative and may,
therefore, limit confidence in any recommendations emerging through the LCC analysis. The
authors of this paper, propose an iterative life cycle engineering and costing (LCE&C) approach
to gradually hone a list of potential deck design alternatives. Embracing uncertamnty in an ex-
plicit way, the results derived and reported herein provide decision-makers with comparable,
stochastic life cycle cost estimates.
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Crash test of TL-5 Barriers

Crash Test at Texas
TTIl with 60Gpa headed
bar now approved for
TL-5 barriers
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Project examples of Cast in place bridge decks




MTQ - Hwy 410 overpass in MTQ - Hwy 410 overpass
Sherbrooke, QC in Sherbrooke, QC

Wotten Bridge 2001 — QC




Cookshire
Bridge 2003 -
Cookshire, QC

Val Alain
Bridge 2004 —
Hwy 20E, QC




Manitoba Floodway bridges




T
Bridgeport Bridge deck
replacement Region of
Waterloo, ON




Dorchester Bridge,

Kitchener, ON
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Skagit River
Bridge - BC MOT




MTO 2009-2020 (Hwy

401 in Toronto)
multiple cast in place
deck structures
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Rattle Brook Bridge N’fld - 2011
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Morristown
Bridge,
Vermont




Baudette
Bridge,
MNDOT
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rapid replacement
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East Hamilton
pedestrian bridge
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MTO 2012-4001 (Carling
Av/Kirkwood Av overpass
Rapidlifts, Hwy 417 in Ottawa, ON
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MTO 2009-4726
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Non-conductivity for
cameras and sensors
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Rideau River Crossing
City of Ottawa
Designer — WSP
Contractor - Pomerleau







O’Reilly’s Bridge,
Niagara Region, ON
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Bridgeport Bridge,
Kitchener, ON







Pineda Causeway -

Florida

Bakers Haulover
bridge - Florida




MTO 2010-2054 (Warden Ave
over Hwy 401 in Toronto - bar
on site and placed in deck




MTO 2010-2054 (Warden Ave)
~ over Hwy 401 in Toronto -
deck bar already poured







Sunshine Creek- 2007,
MTO NW Region

Pre-cast box girders

Rainy Lake - 2006,
MTO NW Region

Pre-cast panels decks




Noden Causeway, MTO NW
Region

Pre-cast panels in place
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i MTO 2010-6043
: McKenzie River Bridge
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Nipigon Cable Stayed Bridge
Owner — ON Ministry of Transportation

8 . Designer - MMM/WSP/Buckland & Taylor
fi/Contractor — BOT/Ferrovial

= .GFRP in all precast deck panels







Example of typical
precast box girders,
approach slabs and pre-
stressed curbs
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Flagler Beach

Owner — Florida DOT
Designer — Mott MacDonald
Contractor — Malcolm
Drilling

Supplied 19 flatbeds loads
of material for secant pile
cages
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Conclusions

* As the GFRP technology continues to advance and prove its
performance and durability in the field, owners and asset managers
should be more comfortable in utilizing this concrete reinforcing

* As codes and specifications also continue to evolve, the tools and
design considerations for GFRP allow engineers to be more confident
in designing GFRP reinforced structures and expand applications
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