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For more than 20 years, fiber-reinforced polymer (FRP) composite products used in new bridge =] IPD MNews, Projects

construction and rehabilitation have provided bridge engineers and owners with innovative and cost- S and Perspectives

effective solutions. In several instances, composites preserve historic landmarks while ensuring structural
integrity. In new construction, features such as light weight, corrosion resistance, and prefabrication have
contributed to the goals of accelerated bridge construction by reducing assembly and installation time,
thereby resulting in lower costs for deploying FRP composites technology. In rehabilitation, features such
as speed and minimal disruption to the structure while in service have provided bridge owners with
solutions for extending the service life of bridge structures. The technology continues to evolve with better

Headlines From Around The Web =

products and solutions for many new applications. * Bipartisan deal would extend highway funds, gas tax through Feb. (The
Hill)
. * CalPERS plans $800 million investment in California infrastructure (The
Bridge decks Sacramento Bee)

The Broadway Bridge in Portland, Ore., has been carrying cars, trucks, buses, bicyclists, and pedestrians,
across the Willamette River for more than 90 years. Opened on April 22, 1913, it is one of only three Rall»(cs(?jzgﬂ)m;‘;%n Bridge closed indefinitely due to structural cracks
type bascule bridges still operating in the United States, and according to Multnomah County, the bridge , gonate Epw approves transportation extension (ASCE Blog)
owner, itis by far the largest. This historic bridge averages 33,000 vehicles per day. Not surprisingly, in , petroirs Woodward light rail line moves forward (Smart Growth America)
February 2003, as the bridge approached its 90th anniversary, the Multnomah County Bridge Section,  , 110,,se appropriators make deep cuts to transportation for 2012
which manages and maintains the Broadway and five other Willamette River bridges in Portland, (Transportation for America)
embarked on a major renovation project aimed at upgrading the structure to ensure its continued service , | j. Turnpike Authority to redirect $1.258 from scrapped ARC tunnel to
well into the 21st century. local road, bridge projects (NJ.com)

« Cantor’s infrastructure funding plan offers olive branch to White House
While the Rall-type opening mechanism is unusual, it poses the same requirements for its double-leaf ~ (The Hill)
movable span as most other bascule bridges. The deck must be light enough to allow opening of the « Study of Ohio River bridges' impact stalled (The Courier-Journal)
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bridge using reasonably sized counterweights, lift motors, and gear sets, while providing the strength « Maine Bridge Collapses Could Signal Wider Problem (Maine Public
required to support modern vehicle loads. At that time, the Multnomah County planners wanted to replaceBroadcasting)

the steel grating with a new decking that offered light weight; a solid surface with good traction in wet, * Mica opens door to short-term highway bill (The Hill)

showy, or icy conditions; a quiet ride; and low maintenance requirements. The contractor installed the full ¢ I-680 is ‘obliterated ... gone’' (Omaha.com)

11,790 square feet of decking using 32 FRP composite panels measuring approximately 46 feet by 8 feet« Planners eye downtown Indianapolis streetcar route (Bloomberg
each. Businessweek)

« UDOT to present critical updates to proposed West Davis Corridor
(Deseret News)

« Arkansas governor to call special election for highway bond vote
(Arkansas News)

« Amtrak advances high-speed plans, ignores GOP calls for privatization
(The Hill)

« Northeast rail corridor gets $745M for upgrades (Times Union)

« Vermont targets rail service to Montreal within 3 years (Burlington Free
Press)

« 2013 Transportation Funding May Be Cut 10% Below 2011 Levels
(Transportation Issues Daily)

« Detroit-Windsor bridge on track (Detroit News)

« FDOT Considers New $5.6B Toll Parkway (WFTV)

« Seattle, After Decade of Debate, Approves Tunnel (The New York Times)
« Sen. Boxer Plans a Four-month Extension of SAFETEA-LU
(Transportation Issues Daily)

« Group lands high-speed rail planning funds for Ga. (Atlanta Journal-
Constitution)

« Jerry Brown calls for high speed rail to move forward (The Sacramento
Bee)

« U.S. infrastructure woes: A roadblock to growth (Reutters)

« USDOT Awards $5 million to Columbia River Crossing Project
(Transportation Issues Daily)

« Ohio governor moves ahead with turnpike leasing proposal
(Cleveland.com)

« Sinkhole found in 1-90 tunnel (Boston Herald)

« Florida governor wants to use tolls to finance new road projects
(Ocala.com)

« Plan lists nearly $330 million in Wyoming transportation projects (Star-
Tribune)

« San Diego County regional government to buy bankrupt toll road (Los
Angeles Times)

« How Might Transportation Funding be Impacted by Debt Deal?
(Transportation Issues Daily)

* Report casts doubt on forecasts for California high speed rail (Los
Angeles Times)

» Wisconsin DOT to begin Hoan Bridge overhaul in 2013 (Bay View
Compass)

« Atlanta Regional Commission approves $60.9 billion, 30-year
transportation plan (Atlanta Journal-Constitution)

« Central Texas toll roads need more state subsidies than expected
(Statesman.com)

« lowa Pacific introduces intercity passenger-rail service in New York
(Progressive Railroading)

« Maine-New Hampshire bridge closes, reaches 'end of its serviceable
life' (SeaCoastOnline.com)

« Atlanta region: $7B transportation funding cuts (Atlanta Journal-
Constitution)

* America's Coming Infrastructure Crash (The Atlantic)

« Atlanta's transportation future could have roadmap in Denver (Atlanta
“Our number-one concern in installing this bridge deck was the safety of drivers, pedestrians, cyclists,  Journal-Constitution)

and streetcar passengers,” said Dan Richards, president and CEO of ZellComp. Beginning in July 2011, - It's official: Rail line from Kenosha to Milwaukee is dead (Journal-

More recently, the city decided to install rails for street cars on the bridge as part of the Portland Streetcar
Loop Project. This modification of the bridge required removal of part of the FRP deck that had been
installed in 2004. The Broadway Bridge is one of the few bridges in the country that has two types of FRP
decks installed on it. In August 2010, the two-piece, mechanically fastened ZellComp FRP bridge deck,
designed by ZellComp Inc., Durham, N.C., was installed on the Broadway Bridge in Portland.

Figure 1: FRP composite deck bottom sections are installed between new rail lines
on the Broadway Bridge in Portland, Ore
Photo: ZellComp.Inc.

The ZellComp FRP deck was selected as the replacement deck primarily because of the system’s
performance record and its ability to be adjusted onsite. This project was unusual because the FRP
composite deck had to be installed between the new rail lines (Figure 1), and the deck design offered the
flexibility that was needed. The modular design and capacity for onsite adjustment allowed the contractor
to install the deck in a short amount of time to allow the bridge to be opened, allowing marine traffic to
pass over this important waterway. More than 3,400 square feet of the ZellComp deck was installed on
the Broadway Bridge. The installation contractor was Hamilton Construction, serving as a subcontractor
to Stacy and Witbeck. The engineering firm of record for the deck replacement portion of the project was
Hardesty & Hanover and for the bridge project was David Evans and Associates Inc.

another ZellComp FRP deck will be installed on the Morrison Bridge, also in Portland. At more than Sentinal)
17,000 square feet, the FRP deck on the Morrison Bridge will be the largest FRP deck ever installed in  « Northwest Atlanta commuter rail line under consideration (The Marietta
the United States and one of the largest in the world. Daily Journal)

* Amtrak Must Cede Operations for High-Speed Rail, Mica Says
Reinforcement in concrete (Bloomberg)

« Spanish and Chinese companies interested in Texas Grand Parkway
Project (Houston Chronicle)

« Tampa eliminates light rail from its long-range plan (Tampa Bay Online)
» Amtrak to surpass 30 million passengers for the first time (The Hill)

« lllinois construction plan gets green light (Quad-City Times)

« Transportation wish list sliced to $12.2 billion (Atlanta Journal
Constitution)

« Boxer, Mica Bills $20 Billion Apart in Yearly Roads Funding (Bloomberg
Businessweek)

The use of FRP composite rebar in concrete bridge decks has increased in recent years because of the . |nfrastructure bank plan would help build bridges, boost jobs (MSNBC)
publication of the American Concrete Institute (ACI) design guideline documents ACI 440.1R-06, material « House GOP expected to ax transportation funds (The Washington Post)
and construction standards ACI 440.5 and ACI 440.6, and the AASHTO LRFD Bridge Design Guide « Recession hits transit budgets despite rising need (Associated Press)
Specifications for GFRP-Reinforced Concrete Bridge Decks and Traffic Railings. GFRP bars have been . carthage, Mo., bridge to be replaced (Carthage Press)

Glass fiber-reinforced polymer (GFRP) composite rebar are used to address corrosion issues typically
found with steel rebars. FRP rebar has been used as cast-in-place, non-prestressed reinforcement in
concrete members. FRP composite rebar, manufactured using pultrusion, are totally resistant to chloride
ion attack, offer a tensile strength of 1-1/2 to 2 times that of steel, weigh only 25 percent of the weight of
equivalent-size steel rebar, are electrically non-conductive, are electromagnetic neutral, and are thermal
insulators. Hundreds of bridges in the United States and Canada have used FRP rebar successfully in
bridge deck applications.

installed in a wide variety of applications such as decks, parapets, sidewalks, abutments, and traffic « DOT announces scaled-down TIGER grants (The Journal of Commerce)
barriers for bridges, sea walls, tunnel soft-eyes, light and heavy rail train beds, and in building « AFL-CIO Joins $10 Billion Effort for Jobs, Infrastructure (Bloomberg)
applications for MRI rooms in hospitals. » Major Moves remaking Indiana’s highways (IndyStar.com)

» Group forms to explore Circ Highway alternatives (Burlington Free Press)
The Oregon Department of Transportation currently is replacing a deteriorating and structurally deficient *Woodward light-rail project surges ahead after Detroit, feds agree on a
timber bridge that carries the Oregon Coast Highway (U.S. 101) over Millport Slough in Lincoln City, Ore. route (Detroit Free Press) .
The existing bridge was an eight-span, timber bridge with a concrete deck and supported by timber piles. * A Congressman’s Pet Project; a Railroad’s Boon (The New York Times)
Due to badly deteriorated piles, the bridge needed to be replaced with materials best suited for coastal ¢ Study envisions rail transit across top of Perimeter (Atlanta Journal
exposure. The new bridge is a four-span, 390-foot-long, and 75-foot-wide precast, prestressed girder Constitution)

bridge. GFRP rebar was used for the top and bottom transverse deck reinforcement and the bottom * The State of the Union's Roads: An Investigative Report (Car and Driver)
longitudinal reinforcement. The FRP rebars used were manufactured by Pultrall Inc., Thetford Mines, ~ * Bridge Comes to San Francisco With a Made-in-China Label (The New
Quebec, Canada. The first phase pour was completed in July 2010, and the second phase pour was York Times)

done in June 2011. The project is expected to be completed by the end of September. The lightweight ~ * Florida governor faces tough decision on costly Orlando commuter rail
nature of the FRP bars reduces labor and provides a beautiful installation, as shown in Figure 2. The new line (tampabay.com)

structure is expected to provide a long service life in this difficult marine environment. * Public to comment on revised Ohio River Bridges plan (Courier-Journal)
» Committee Poised to Introduce Transportation Bill (The Journal of
Commerce)

« Composite Bridge in Boothbay draws interest (wcsh6.com)

« Blog: Amtrak privatization is unconstitutional (The Hill)

« Storms take toll on city's infrastructure (IndyStar.com)

« Walking expert prescribes ‘road diets,’ traffic circles for cities seeking
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street makeovers (The Washington Post)

* AASHTO Official Expects Transport Bills in July (The Journal of
Commerce)

« How to fix crumbling U.S. roads, rails and airways (Market Watch)

« lllinois Sen. Durbin aims to thwart Midway, Amtrak privatizations (Chicago
Business)

« Plan recommends two new Colorado River bridges by 2030 (Mohave
Daily News)

« Transportation plan for LA region released (Daily News)

* NY-NJ Targets 2016 For Bayonne Bridge Project (The Journal of
Commerce)

» Amtrak touts 'international peer review' of high-speed rail plans (The Hill)
« Bill to allow bullet trains along lllinois tollways heads to governor
(Rockford Register Star)

« Opinion: Public pays price for privatization (Politico)

« SunRail lobbying hits fevered pitch (Orlando Sentinal)

Professional Network E
i
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Figure 2: Glass fiber-reinforced polymer composite rebar was used for the top and L’I}IE
bottom transverse deck reinforcement and the bottom longitudinal reinforcement on z
the U.S. 101 bridge over Millport Slough in Lincoln City, Ore. IIJ]

Photo: Pultrall Inc.
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Bridge girders
Developed at the University of Maine, AEWC Advanced Structures and Composites Center, Orono, Current Issue
Maine, and manufactured by Advanced Infrastructure Technologies Inc. in Orono, the Bridge-in-a-
Backpack innovative bridge system utilizes a carbon fiber outer shell that is manufactured using a
composites process called vacuum infusion to form a hollow composites shell in the form of an arch,
which is then filled with self-consolidating concrete onsite. This hybrid technology marries the strength June 2011
characteristics of carbon FRP (CFRP) composites with the durability and compressive strength of » PROJECT SPOTLIGHT
concrete. The total system comprises the FRP composite arches, durable composites decking, and fill ~ * Understanding stay cable bridge

that is compacted on top of the decking (Figure 3). construction

» RAI EXCLUSIVE

« Designing a top transportation project
» PRODUCT APPLICATION

« Maine opens record bridge

All articles  eZine Subscribe

Product Guide

« Maine opens record bridge

« Understanding stay cable bridge construction

« A formwork formula

« Intelligent data for efficient design and construction
« Structurally sound

Bridges Magazine Articles E

« Researching the future

Figure 3: Bridge-in-a-Backpack technology uses corrugated composite decking « Intelligent data for efficient design and construction
attached to CFRP arch tubes filled with self-consolidating concrete.
Photo: Advanced Infrastructure Technologies Inc.

» Using CFD visualization to improve the integrity and safety of structures
« Best of America's infrastructure projects

« Research restores credit for bridge design
The Bridge-in-a-Backpack technology exemplifies the benefits of FRP composites with its high strength-
to-weight that translates to lower installation equipment and transportation costs compared with precast RAI eNewsletter
technology, and eliminates the time and cost of formwork. The inherent corrosion-resistant properties of
FRP composites, along with a smaller carbon footprint compared with traditional materials, provide bridge
engineers with a sustainable solution. The system can be deployed in single spans from 25 to 70 feet,
and multiple-span designs exceeding 800 feet.

Get the latest from the RAI NewsBlog in
your inbox!

In June 2011, the Bridge-in-a-Backpack system was installed on the Ashby West Road Bridge over the
Scott Reservoir Outlet in Fitchburg, Mass. The 12-inch-diameter CFRP composite tubes, weighing about
200 pounds, were hand carried to the bridge, making for a unique installation compared with traditional
materials. The span — 38 feet long (footing to footing) and 36 feet wide — used 15 tubes. The contractor
planned to complete the bridge installation in 70 days. This installation joins eight other bridges built in
Maine, with more to be installed in the near future.

« Screenshot
« Subscribe

In recent years, another new innovation in bridge girder designs has attracted the attention of many
bridge owners and engineers. Originally designed to be a girder for Class 1 railroad bridges for BNSF
Railway Company, the Hybrid Composite Beam (HCB) developed by HC Bridge Company LLC, and its
founder, John Hillman, has contributed significantly to the ideals of accelerated bridge construction. The
HCB, an award-winning structural member that utilizes concrete, steel, and FRP composites, exploits the
best of all materials where the strength and stiffness of concrete and steel are combined with the
lightweight and corrosion-resistant advantages of FRP composites. This innovative technology is best
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demonstrated on the recently completed Knickerbocker Bridge in Boothbay, Maine (see article on page

Built in 1930, the existing Knickerbocker Bridge was a two-lane highway bridge comprised of a 38-span
timber bridge approximately 535 feet long. Its location over the Back River in Boothbay is only 4 feet
above high tide. Key factors for a bridge replacement solution required long-term durability and corrosion
resistance. Maine Department of Transportation, the bridge owner, after monitoring composites
technology and the extensive testing performed at University of Maine AEWC, decided the HCB was the
right solution to replace the planned precast box beams. The HCB is manufactured by Harbor
Technologies in Brunswick, Maine, using a composites manufacturing process called vacuum infusion to
make the FRP shell. This is then combined with a tension reinforcement using galvanized prestressing
strand along the bottom of the beam, and a compression reinforcing internal arch using self-consolidating
concrete. The construction documents were prepared by Calderwood Engineering of Richmond, Maine,
with assistance on the HCB design from Teng & Associates Inc., Chicago.

Each 70-foot-long beam for the bridge weighed only 5,000 pounds. Four HCBs could be shipped on a
single truck instead of one truck per beam as would have been required for precast concrete beams. The
beams were erected using a small crane instead of mobilizing a heavy-lift crane for typical precast
concrete beams. The lightweight nature of the HCB contributed to cost savings from transportation of the
beams to the site, installation time for the beams, and the use of less expensive equipment to install the
beams, among other things.

The first half of the deck was cast in October 2010, and after working through the winter to complete the
remaining piers, the contractor completed installation of the second half of the HCB superstructure in
April 2011. The bridge was officially opened to traffic on June 11, 2011. This installation represents the
longest composites vehicular bridge in the world using FRP composite beams as well as being the first to
be made with continuous live load. The added benefit was that the HCB solution was no more expensive
than a conventional concrete box beam bridge. This installation adds to two other installations — the 57-
foot-span High Road Bridge (2008) in Lockport Township, Ill.; and the 31-foot-span Route 23 Bridge
(2009) in Cedar Grove, N.J. Three more bridges were planned for construction in Missouri during 2011.

Summary

All of these composites products are further demonstrated by the use of composites external
reinforcement systems to strengthen, seismically upgrade, and rehabilitate more than 10,000 concrete
installations used in bridges, buildings, and other structures to extend the service life and upgrade the
many deteriorated structures.

The materials technology embraced by FRP composites supports accelerated bridge construction and
provides bridge owners and engineers with cost-efficient, long-term durability solutions to our aging
infrastructure. In the Federal Highway Administration’s Every Day Counts program, composites inspire
innovation with different designs using similar materials; encourage ingenuity because it allows designers
to think outside the box; facilitates invention by making existing techniques, systems, and methods better;
and propels imagination into new frontiers to make an engineer’s or contractor’s vision a reality. FRP
composites meets the desired goals of using green construction materials, providing a sustainable
solution, and ensuring that bridges built and rehabilitated today will last for future generations.

John P. Busel is director, Composites Growth Initiative for the American Composites Manufacturers
Association.
He can be contacted at jbusel@acmanet.org.

; Comments

AdA Print + Electronic Media Events + Electronic Media
CE News AEC Technology Strategies
P.O. Box 1528 Structural Engineer Integrated Project Delivery
Féyétteville AR 72702-1528 Rebuilding America's Infrastructure | Best Firms To Work For
Ph: 800 4Gé 6275 HubDOT Engineering Design Tech eConference
Fa>-<'800-—842-—1560 The Zweig Letter Government Infrastructure eConference
info@zweigwhite com The Zweig Marketing Letter 2011 AEC Mergers + Acquisitions Summit
www. zweigwhite Eom Books & Surveys 2011 The Zweig Letter Hot Firm Conference
' : elLearning The Principals Academy

Leadership 2011
Best Practices in A/E/P Project Management

© 2011 ZweigWhite. All rights reserved.

file://IC:/Users/CFC/AppData/Local/Temp/XPgrpwise/4AE71B1E6WVUDom2WVUPOQOG1...

Page 4 of 4

9/15/2011



