Bridge Deck Reinforced with
Glass Fiber Reinforced Polymer
Bars (GFRP)

Borna Hajimiragha
CEO
B&B FRP Manufacturing Inc. (MST-BAR) —Toronto, Canada

omposites

ACMA Composites Technology Day



Outline

GFRP Bars in Ontario:

-III History & Use

What has changed

ﬁ lately? Product and
Market

49"  What's Next?

i

Why GFRP in Bridge
deck?

GFRP Bars in bridge
deck

Q&A

Durability of GFRP:
MTO perspective

Rational design of
bridge deck




» GFRP In Ontario

Use of GFRP started in mid 90’s

@ Trial projects implemented in 2005

@ CHBDC first adopted GFRP as a primary Rebar in 2006

MTO first adopted GFRP as part of corrosion protection policy in 2008
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GFRP in Ontario

MTO has constructed over 400 Bridges with GFRP Including:
Precast Deck Panels between girders
Cast in place on girders(simply supported or semi-continuous)
PI2/TL4 and PL3/TL5 Barrier walls
Topping slab over side by side box girders
Stirrups in Precast box girders
Overlays and side walks

Progressed beyond trial stage
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Examples of Full GFRP Bridge Decks

e HWY 11/7 CPR Overhead Ouimet

* Third Street Bridge Over the Thames River
 Whiteman’s Creek Precast Deck, Hwy 24
 Humber River Bridge Cast-in-place deck, Hwy 401
* Nestor Falls Hwy 71 Precast Deck

* Rainy Lake/Noden Causeway PC Deck

* Chukuni River Bridge Precast Deck Hwy 105

e Ottawa Queensway bridges cast-in-place deck
 Warden Avenue Hwy 401 overlay

* Bonnechere River Bridge cast-in-place exposed, Hwy 60
* Nipigon River Bridge

— ACMA Composites Technology Day




» Why GFRP In
Bridge Deck?

Lighter
More rebar on a truck (4x)

X

Less back injury and workers don’t tire out by
the end of the week

X

Faster schedule

X

Less than half manpower

ACMA Composites Technotogy-Day




» Why GFRP In
Bridge Deck?

Lighter Precast Deck 7
Longer precast panel due to weight . .-;f‘ (S, S o e ek, SRR, N

Lower cost of transportation

— AcMA CompositesTeehnology Day




» Why GFRP In
Bridge Deck?

Rust Free
More Saving in long term

In One year Canadian Government spent
S46B on costs associated to corrosion of
rebar(US MARKET 10x)

Safer infrastructure for generations

Less demolition and rehabilitation which
result in less greenhouse gas pumped into
atmosphere

Tremendous initial cost saving by removing
CNI

———ACMA Composites Technology Day




» Durability of GFRP(MTO Perspective)

= Alkaline attack in concrete

For high durability GFRP products, more recent tests show possibly 10 to 12% loss of strength
in 75 years for typical application in Ontario (worse in warm and humid climate)

CHBDC 2014 requires ® = 0.55 at ULS
CHBDC 2019 requires @ = 0.65 at ULS

Creep rupture
for sustained load > 45% f

CHBDC requires ® = 0.25 at SLS

pu [New generation of GFRPs]

AASHTO has different resistance and durability factors, but the end result is similar:

Environmental reduction factor C.= 0.7 (apply to guaranteed Fu)

Creep rupture reduction factor C.=0.3
Fatigue rupture reduction factor C;=0.25
Strength resistance factor © = 0.55 t0 0.75

— ACMA Composites Technology Day 9




» Durability of GFRP(MTO Perspective)

@ Accelerated aging and natural aging condition

N 0.0558T
T 0.098¢€
Temperature (°C) Solution Accelerated ages Natural ages (years)
(pH 12.6-12.8) (days)

40 Alkaline 150 13
40 Alkaline 300 27
60 Alkaline 150 100
60 Alkaline 300 199

— ACMA Composites Technology Day 10




» Durability of GFRP?

* Most Recent Alkali Resistance Interlaminar Shear
Strength(ILSS)

* Apparent Horizontal Shear Strength by Short-
Beam Method of Glass Fibre-Reinforced Polymer
(GFRP) Bars in High pH Alkaline Solution at 60 °C —
Reference and Conditioned Bars #3, #4, #5, and #8

(Sermposites




Durability of GFRP Bars




Apparent Horizontal
h
B_ar Lot # Shear Strength Strerjigt
Size (MPa) Retention R,

Durability of GFRP Bars ”

1 96%
Conditioned 46
Reference 49

2 96%
Conditioned a7
Reference a7

3 96%
Conditioned 45
Reference 53

1 92%
Conditioned 49
Reference 52

2 96%
Conditioned 50
Reference 51

3 96%
Conditioned 49
Reference 70

1 99%
Conditioned 69
Reference 71

2 96%
Conditioned 68
Reference 70

= 99%
Conditioned 69
Reference 60

1 97%
Conditioned 58
Reference 59

2 97%
Conditioned 57
Reference 60

: 97%
Conditioned 58
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» What has changed lately? Material Standpoint

F-Glass Boron Free
Glass




What has changed lately? Material Standpoint

Vinyl-Ester

Polyester




What has changed lately? Material Standpoint

E=60GPa




What has changed lately? Material Standpoint

1=200-
250MPa




What has changed lately? Material Standpoint

0=750MPa 1=1000 MPa




What has
changed lately?
Material
Standpoint

e —

6Bond<10MPa
Low Bond Strength

1>25 MPa
High Bond Strength

-~ ACMA Co mposites Technology Day



What has changed
lately? Material
Standpoint

6=450MPa
Low Bend Strength

1=700-800 MPa
High Bend Strength




What has changed lately? Market Standpoint

Corrosion Any Concrete
Niche Market Market




* Pre-Cast panels with UHPC joints

e (Castin Place over Girders
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UHPC= Stronger Connection & Less Overlap
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» Rational Design-Deck Slab with GFRP

Started in Ontario from 1979

Desi%n by either empirical method or flexural methods is allowed (Clause 16.8.8). For
simpficidty, empirical method can always be used when the conditions for its use are
satisfied.

Crack widths need not be checked for the empirical method.(importance of Kb factor)
Only use GFRP grades 3 in the deck slab: No Grade 1.

No need for Corrosion Inhibitors or other corrosion protection.

No need for strengths higher than 30 MPa for a typical slab on girder bridge.

For economy:

For a deck slab t = 200 mm, use empirical methods for girder spacing over 2.4 m, otherwise
flexural methods.

For a deck slab t = 225 mm, use flexural methods.

— ACMA Composites Technology Day




Advantages of Using Empirical Design in Bridge Deck
Slab

Empirical method Can be considered since it would result in a more
economical design than traditional method.

Empirical method could result in material saving by using less
reinforcing bar.

Initial cost of 10% less when using Empirical design method Vs.
Traditional method.

- ACMA Composites Technology Day




» What’s Next?

More confident
Better QC/QA

Better Bent bars FULL GFRP BRIDGE
in 2021
More research

Lower cost

- ACMA Composites Technology Day




What’s Next?
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What’s Next?

'
'
GliI-20M @ 125 ﬂ E |

EL. 262.700 WEST

! !

| |

| I

i B—3lI-25M i i
— NS (I D

E_ 263.800 EAST|
I T LI I I —

T I I 3-GII-15M EA. way | I W

2 l l (T¥P. AT BRG PEDEST+LS) l

= | | | : VAR
3 2 | | | |
EE 2 I I ; I I
3 7 | | [ [
° S|4 | | 243-Cll-25M @ 150 J | |
=% | | TIES (TYP. AT EA. PILE) — | |
=] I v I,-?L' .,_-J - £ 1 kS €. 1 £+ - EL. 260.100 WESTCONSTR. J
Ly~ I ¥ [T} L 261.200 EASTSEE OPSD
Sln LJI' j- L

.8 T ==

® A ESES

=1

=

oy

E e AR 1 __.'__ __l'__ __l'__

5 o o ) 113-GII—20M|DWLS ® 125 FF. IN 25mm DIA. PREFORMED HOLES ) | 5-Cll—20M DWLS @ 125 FF.

b T i [TYP.|BETWEEN GIRDERS) ! b N 25mm_DIA. PREFORMED HOLES
(TYP. OUTSIDE OF EXT. GIRDERS)

Glll-20M & 125 F.F.

Glll-25M @|125 B.F.
| cii—20m @ 125 (eETweew PiEs) Bl B ,

ELEVATION FOR WINGWALL DETALS
SCALE 1:40 SEE WINGWALL DETAILS
EL 260100
EL 261200
300
—2x3cli-25M @ 150 g | 3-GlI-15M EA. WAY T
TIES (TYP. AT EA. PILE)® (TYP. AT BRG PEDESTALS) £8P FRO
ABUTMENT
CONCRETE
48 sssssesssssesssesasssssnsalesssas ssasusasageassasassYesssasanssasasas A usnsussasasnang
/ / P 5T 8
~ 58
oy
————————— e
a"‘leE“RS‘: 130 G-20M @ 150 EF— 1J—GIIILDM, DWLS @ 125 F.F, N 25mm DiA[PREFORMED HOLES | j 5—GIl—20M DWLS @ 125 F.F.
p Gll—20M & 125 r_r_y R / " {TYP. BETWEEN 'GIRDERS) Ak . '|n1trpzsmm ||)|.ol._:. PEEF%MEF HE('J!LES
¥ cli-25M @ 125 B.F. J / E b OIS0 OFCEXT, “UIRDERS)

;r Glll-20M @ 125 ;BEI'WE& PILES) gl ]g é %GIII—ZOH @ 125 TOP gl E :r

/A

SCALE 1:40

ACMA Composites Technology Day




What’s Next?
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What’s Next?
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What’s Next?
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What’s Next?
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