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Bakers Haulover Cut Bridge: Seawall-
Bulkhead Rehabilitation and New

GFRP-RC Solutions
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Dave Hartman (Owens Corning Science and Technology, LLC)

Keith Ellis, P.E. (FDOT District 1 & 7 Geotechnical Office)
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. Defining the problem... Are Composites the solution?
Existing BHC Seawall System(s)
New BHC Seawall-Bulkhead Design

Construction & Lessons Learned
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Durability = Long Service Lite;
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/9.

A\

GERP or SS rebar
CERP or HSSS prestressing strand

enefit Analysis Justification, LCA /LCC;
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New material systems;
Limited suppliers/competition;

Unfamiliar design criteria;

Unfamiliar construction practices.



Are Composites the Solution? 7P )1 ({5 (d;

® Service Life Enhancement
thru Durability:

i

trengthened with CFRP

s for Vessel Impact

Design of Concrete Bridge Girders Strengthened with CFRP Laminates
Hybrid FRP-Concrete Column

CFRP Repair of Impact Damaged Bridge Girders

Thermo-Mechanical Durability of CFRP Strengthened RC Beams

Testing of Trelleborg Structural Plastics
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Are Composites the FDOT Research Efforts (Cont.)

El-Safty, A.

El-Safty, A.

y Bars Embedded in
= Kampmann, R.
S

Fabrication and Construction for the

B Roddenberry, M.
oad Bridge Replacement !

Evaluation of GFRP Spirals in Corrosion Resistant Concrete Piles Jung, S.

Development of GFRP Reinforced Single Slope Bridge Rail Consolazio, G.

Performance Evaluation, Material and Specifications for Basalt Kampmann, R.
FRP Reinforcing Bars Embedded in Concrete (STIC) Roddenberry, M.

Testing Protocol and Material Specifications for Basalt Fiber Kampmann, R.
Reinforced Polymer Bars Tang, Y




Seawall-Bulkhead Development in Floridc

for the Built-Environment...

(Photographs courtesy of thm): —



https://www.tampapix.com/dpdavis.htm

Nete: Reinforcing Steel,

|  shown for Starter Pile are
similar to Typical Pile.
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Seawall-Bulkhead Development in Florida

Prestressed Concrete (Miami-Dade):
* Soldier Piles in the 1950’s & 60’s
o Still using RC panels in between...

...similar durability challenges

10" OnC. MIAX,

10" OnC. WA,

/

\E:usnms SEAWALL / |
/PRDP-:JSED SIDEWALK

PLAM VIEW OF WALL FOR 10-07 MAX.
RETAIMED FILL BEHIND WALL SEAWALL SECTION 1

Miami Beach Public Works Manual (20135) FOR RETAINED FILL NOT TO EXCEED 10-0° DEPTH




Seawall-Bulkhead Development in Florida

CFRP Prestressing, since 2014 ...best 2

I. Design criteria for prestressing — Fiber Reinforced
Polymer Guidelines (FRPG) — Chapter 3;

.  Developmental Index D22440 (Nov. 2014)

M “"Q ®* (Halls River Bridge demonstration project);

iii. FDOT FY2017-18 Design Standards (Nov. 2016)

® Index 22440 series (now Index 455-100 series FY10-20);
® CFRP prestressing strands & GFRP stirrups;

® Stainless Steel prestressed/reinforced alternative.

\ = 14 n ’C}: - ' N9 < -\( Bt =
P R Ly ;,r-;__ 3 o m» T
53 . . e .jw;‘ N 3
Vgi = - e
Vibre-hamimertinstallation at Halls "‘E';ﬁ.' ‘.ﬁ i {
Rji i é FDOT (2017) Zivl = Wi CFCC prior to stressing 5 : ;
Ive Il 3
Tip 9 2 G fa§‘ at Gate Precast (2016) SECTION A-A GFRP Stirrups ties to

CFERP strands (2076)


http://www.dot.state.fl.us/structures/StructuresManual/CurrentRelease/Vol4FRPG.pdf
http://www.dot.state.fl.us/rddesign/DS/Dev.shtm

Existing BHC Bulkhead System(s) at BHC Project

Pile & Panel (north wall) Prestressed Sheet Pile (south wall):

. ...0othi in severely corroded condition
North Wall ‘

Soldier Pile & Panel System (original 1948):

\ Extensive corrosion damage in splash zone

mf&' 3

AL i

; ] i Jiirle) Se ' Pfvest (courtesy: BPA
- : g | B Consulting Eng.)

,?.l_..‘!’,ré;fresse d Sheet Pile System (rebuilt 1970's): Adjacent properties to Southwest with one section ,

TS

5 Ex-fen_s[‘vq‘corrosion damage in splash zone

recently repaired (2014 counfy app_rova])

Google ,.n-- X% | .I ]




New Seawall-Bulkhead System at BHC

— Top of New Parapel
(South Wall)

Selected Alternative: ...Steel Sheet
Piles with GFRP-RC facia

Anchar Length

or Anchors (A)an
20'-0" for Anchors @_},(L

Top of Bulkhead
Cap

Shop Drawing details

Water Level
MH i

Bottom of
Channe!

af

oW s

7

tinueus)

Bottol

PSRN : ¢
Divers placing GFRP mat in forms

4

|914-415-104|F1BER REINFORCED POLYMER BAR #4

BULKHEAD CAP. PARAPET & FASCIA PANEL LF 12,195,.32

574-415-105|FIBER REINFORCED POLYWER BAR 75 |

12

BULKHEAD CAP, PARAPET & FASCIA PANEL 7,071.14




New Seawall-Bulkhead System at BHC

Selected Alternative: ...Steel Sheet Piles with GFRP-RC facia

Bakers Haulover Cut - GFRP Rebar Cost Comparison

-a- BHC Rehab 2016
—+—HRB Bid 2016
——FDOT Expo 2017
—=+—RS Means 2016
—s—Mateen 2014 (>40KLF)
—+—Hughes Bros. 2014
---- Black (FDOT)

—e -Low-Chromium (FDOT)
—e -Stainless (FDOT) _

od
o
o
Ll
- S
©
(]
R=
—
~
e
(7))
(o)
O
©
2
©
-
()]
t=

Rebar Size

914-415-104|FIBER REINFORCED POLYMER BAR #4 BULKHEAD CAP. PARAPET & FASCIA PANEL

914-415-105|FIBER REINFORCED POLYMER BAR #5 BULKHEAD CAP, PARAPET & FASCIA PANEL 7.071.14
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Increased Dural

“IERT YHURRICANE MATTHEW
OCATION: 27.1°N, 79.2°W WIND: 130 mph
OVING:NW at 13 mph PRESSURE 939 mb

Photos from Hurricane

Matthew (2016)
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New Challenges

Increased Durability Expec

Hurricane Damage along ATA (2008)

Hurricane Sandy damage along ATA in Fort Lauderdale (Photo:
Susan Stocker, Sun Sentinel, 201 2).

Hurricane Mathew damage along ATA Flagler Beach, (2016)
Brickell Ave under water during Hurricane Irma (2017)




New Solutions

Reviving an old system with new material
- Post and Panel with FRP-RC /PC

FIGURE 6. US 41 over North Creek, existing
combination bridge end bent and abutm

2 new FDOT projects

I 1 Roadwa 1 Y fncho- . _-
in design: bulkhead — Plan View showing: (blue) RC Ry TR ey
1. SE 23" Ave 'heet piles, (yellow) precast master plles, &
Bridge (pink) tle-back
Replacement =z
EE'
33
2. US 41 over 3#[ 2
387 =42
North Creek 39
replacement | ;
3 POSSibly t L‘:.‘ K‘_“é".cm-‘;; Mfr!lf-
Barracuda Blvd. ‘
over Indian ——
River North — - Type® End Bent Uit 3 a704"

’ 0-°I
I & Structure



New Solutions

SEACON... .
Infravation

° o ° An Infrastructure Innovation Programme
Sustainable concrete using seawater, salt-contaminated o

aggregates, and non-corrosive reinforcement o/

.S.Department of Transportation
ederal Highway Administratio

Seawater Immersion at

60°C

Q\?(" ' \.—:

GFRP “5 S Sia W

BRRR STV LA NE N NN

£ Ao ko ok oo o oo "";"("30' 4/[4;;;;:;)tl-k;i¢l‘

\\\\\\ CNQQ506 e w\w;;\m

b A Ay Ay oA S 5 ;ﬁygfd'yftblhlﬁlﬁlﬁlﬁlﬁlﬁ

60 120 180 240 300 360 420
Age (days)

17



New Solutions
IDEA Project - MILDGLASS

JIL GO dS €

?.‘
‘ +a¥ -
(a) & (b) CFRP strand failed during tensioning; (a) GFRP-PC sheet pile concept (b) CFRP-PC sheet
(c) cracking following strands release. pile design for Halls River Bridge

(a) GFRP strand prototype cross section;
(a) & (b) Tensioning apparatus for CFRP; versus (c) standard steel

HSCS chucks, for GFRP.

(b) compared to a CFRP alternative.

18



New Solutions

Atrordable higher modulus GERP = 69 GPa

SI1C 201 6 Incentive Project

b

FRP Rebar Standardizatior

“Develop JLJI]JJI‘J (JJJJA) J-JJJJn specific
material and cor itions f

polymer (BFRP) bars for the internal reinforcement of structural Photo courtesy of
concrete” Enérgy Maferlals |

cation, and standarc



https://www.fhwa.dot.gov/innovation/stic/index.cfm

Enhance AASHTO Specifications and Extend Bridge Service Life

ACI 440.3R B.8 GFRP Creep Rupture
Acce|erc|1'ed Tesﬁng = [831MPa Creep Rupture Strength]

(ECR/VE at 56-60GPa Modulus)
y = -0.967In(x) + 85.735
R*=0.766

——
— L]

ACIl 440.1R limits the allowable
sustained stress for traditional
GFRP;

Creep rupture limit recently
improved C- = 0.2 to 0.3 in
AASHTO BDGS-2;

ASTM D7957 GFRP rebar of
ECR glass fiber in vinyl ester L

[598MPa Creep Rupture Strength]
(ECR/VE at 46-51GPa Modulus)
y =-2.49In{x) + 82.452

=~ !
AT S o R?=0.9909
-

[507MPa Creep Rupture Strength]
(Ef1P at 39-44GPa Modulus)
y=-1.377In(x) + 64.911
R*=0.6161

—
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c
e
[
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o
=
©
=
=
2
o
o
£
©
whed
(5]
5
»n

shows improved creep rupture | |

I i m i'I' 10 100 1000 10000 100000 1000000
iy Time to Rupture (hr)




Why Improve Endurance Limits?

/alidate VWVith bricdge Service Lite

4 - ~ - - Lo L L 1 R = . > iy , e : —~r
bridge Core Extraction o |5+ Year GERP Rebar Samples

1. Negligible impact in mechanical properties and
chemical composition of GFRP fiber and matrix
SEM/EDX (300x image fiber, Ca, Si, Al, C, O)

2. GFRP rebar durability in corrosive environments

better than predicted by accelerated test
methods 0.85 C;



— Direct Deicing Zone \.

Atmospheric

Recommend Endurance Limits to Meet ndnct oo

Zone?

AASHTO LRFD Bridge Design Specitication -

2018
v Tidal Zone
AASHTO LRFD Bridge

jcations

Reliability Requirements

1. Design Limit Refinements

2. Durability Model Refinements

3. GFRP Service Life Design for Tidal
and Submerged Concrete Structures

4. Life-Cycle Cost Guidance

Design Guide Specif
for GFRP—RE‘mfur:ed Concrete

2+ EDITION

Submerged

Zone
for scour)

Buried Zone

Fatigue (S1+F1)

== Minimum reinforcement .
— . Creep rupture (S1) Micro-Exposure Zones proposed under NCHRP

=== Flexural strength (FRP Project 12-108 for Service Life Design

Proposal to improve endurance
limits for 125-year service life
and also develop a simple short
duration QA verification test
method

0.25 0.3 0.35 04 45 0.5 25 03 035 04 045 05
Creep reduction factor (C,) Fatigue reduction factor (C) 29
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FLORIDA DEPIT. OF IRANSPORATION
>tructures Design Office:

Steven | |o}cm =

(a 0) 414-4272

427
Steven.Nolan(@dot.state.fl.us

H-

FDOT’s Fiber-Reinforced Polymer Deployment Train

GFRP BFRP GFRP CFRP Navigation External FRP
Prestressing Reinforcing Reinforcing Prestressi Fender Laminate
2 Bars Bars resessed Systems Repairs
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