O’Rorke Bridge at night

he O’Rorke Bridge is the cente
piece of a project that replaced a

functionally obsolete structur-
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its predecessor, standing 22 feet
higher and twice as wide, and boasts a solid
concrete filled steel grid deck rather than the
open deck that is more typical of this type
of moveable bridge. Impressive as its physi-
cal stature may be, the inner workings of
the bridge are equally remarkable, including
the precisely tuned electrical and mechanical
systems responsible for lifting and lowering
the bridge on-demand, the numerous foun-
dation systems supporting all that mass, and
the bridge’s capacity to withstand extreme
design events.

O’Rorke Bridge Aesthetic Treatments
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a d@uble-leaf, Scherzer rolling-lift Bascule
ridge. The superstructure of this moveable
bridge type simultaneously lifts up and rolls
away from the channel as the bridge opens,
providing the required unobstructed clear
channel opening with approximately

Bascule Bridge

the span is "@P‘ and exact, and results in
very lisdle eke€rnalforce required to open and
cl&e theVbridge. In fact, the bridge’s machin-
ery features an input that allows emergency

peration to be performed via a large hand
drill. Both the vertical and horizontal location
of the center of gravity of the bascule span
must accurately be determined so that the
span will remain balanced throughout its full
range of movement. In addition to detailed
analysis during design and fabrication, strain-
gage instrumentation installed on the drive
shaft measured the stresses during lifting, al-
lowing the contractor to further fine tune the
span balancing process in the field.

continued on page 48

10% less span length.

When in the closed position, a é h
center lock mechanism transfers live How it works...
loads between the two leaves of the
bascule span. Because the rolling lift
bridge translates horizontally away
from the channel as it lifts up, the nﬂw
center lock mechanism is a simple Diives Finkon
tongue and groove system that re-
quires no moving parts and is virtually
maintenance free. The tail ends of the
bascule girders underlap a short can- @ iion cear ruis
tilever segment of the approach span mm:]%g
fascia girders.

The key principle in the operation |
of a Scherzer rolling-lift bascule bridge
is balance. The dead load weight of olaclf Rocks Up And
the bascule leaves is balanced by large Back On Curved
concrete counterweights hidden in- e
side the bascule piers. In the case of
the O’Rorke Lift Bridge, the 780,000- \
pound weight of each lift span leaf is

balanf:ed by 2,710,0Q0-pound COl'ln- Hllustrating the Movements & Geometry Associated With
terweights. The exercise of balancing  Opening a Scherzer Rolling Lift Bridge
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The machinery room is located between the
bascule girders, and rotates along with the leaf.
The span drive machinery for each leaf consists
of interconnected dual electric motors coupled
to primary and secondary gear reducers. Ma-
chinery brakes hold the bascule leaf against
wind and other unbalanced loads, while mo-
tor breaks control the leaf during emergency
stops or loss of power. Standby power is sup-
plied by an auto-start diesel generator located
inside the operator’s house.

A computerized control system allows semi-
automatic operation of the drive system, and
a manual system provides backup control.
Quality control and quality assurance activi-
ties during construction included substantial
inspection, testing, and systems integration
conducted prior to shipping equipment to the
site. As part of the contract requirements, the
Contractor trained the existing bridge staff on
the operation and maintenance of the bridge,
and provided operation and maintenance
manuals as well as a video for use in trainin
future bridge operators.
Given these intricate wo

O’Rorke Bridge as Design Vessel is Passing Through
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Behind the Scenes,
Extreme Design

Supporting the massive bascule span leaves
and counterweights are equally robust pier
structures that transfer over 27 million pounds
to the foundations below while providing in-
terior space for the movement and gperation

of the bridge. The west pier is ximately
100 feet wide by 40 feet lon stands 100
feet tall at the top of the conttel house. The

east pier does a

owever, the underlying
k strata at either side of the bridge
different, resulting in two markedly
different foundation systems. The east pier is
supported 0 eel bearing piles extending
over edrock The rock elevation
t pler was considerably shallower,
o ver, where the foundation consists of
4 54-inch diameter, drilled shafts socketed
into rock and varying in length from 30 to
60 feet.

In addition to the mass of the super- and
substructures, a lack of formal guidance from
AASHTO for the seismic design of bascule
bridges further challenged the design process.
The design team, in conjunction with the
New York State Department of Transporta-
tion (NYSDOT), developed project specific
seismic design criteria that included designing
for no collapse but allowing reparable damage,
designing for a reduced seismic load when the
bridge was in the open position to account for
the unlikelihood of both conditions occur-
ring concurrently, and employing site specific
spectral accelerations. With these guidelines
in hand, designers created a site specific global
model of the structure, input a variety of data
representing variable foundation stiffnesses,
time histories for rock and soil motion, as well
as potential soil liquefaction conditions, and
extracted resulting seismic design forces for an
assortment of conditions and load cases.

Under normal loading conditions, the ap-
proach spans serve as live load restrainers
necessitating the approach girder bearings to
be fixed at the bascule piers. However, during
a seismic event, fixed bearings would impart
significant force from the approach spans to
the bascule piers resulting in extensive damage
that would be difficult to repair. To minimize
the seismic forces transmitted to the bascule
pier, designers specified innovative fused lead-
core rubber isolation bearings featuring an

. Finally, a physical
the bascule gird-
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elastic restraint system (ERS). Under service
loads, the ERS restricts movement in the bear-
ings, preventing longitudinal translation of the
structure. During a seismic event, the fused
bolts in the bearings will fail at a prescribed
force allowing the isolation component of the
bearings to absorb the seismic energy and pro-
tect the bascule piers from damage.

Another extreme load case, collision of a
vessel with the bascule piers, could have sig-
nificant cost implications with respect to dis-
ruption of service and damage to the bridge,
as well as hindering navigation in the Genesee
River. A site specific statistical analysis in ac-
cordance with AASHTO guide specifications
determined the design vessel to be a 500-foot
long, 15,000 displacement ton bulk freighter
traveling downstream at 3.5 knots. An innova-
tive pier protection system consisting of pipe-
pile and shaft-supported concrete dolphins
was located at each quadrant of the approac
channel, with an intermediate fender system
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IProject Team
The design and construction of a large and complex project
such as the O’Rorke Bridge is a considerable undertaking.
The authors would like to recognize the considerable efforts
of all the project participants:

L

* OWNER’S GROUD:
o Monroe County Department of Transportation
o NYS Department of Transportation
* DESION TEAM: ¢
o Bergmann Associates, P.C. (Prime 8
® Mechanical, Electrical & Control Desi
* Superstructure Design
* Pier & Foundation Desig
o Hazelet & Erdal/U
o NYS Department of
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Aesthetics & Beauty Add
Finishing Touches

Early in the design process, public meetings
allowed community participants to offer their
input on the potential aesthetic impacts of the
project on the surrounding area. Of foremost
importance to the community was@nsuring
that the project complement preserve
the historic character of th&#eighborhoods

y $2.6 million worth of aesthetic
nts into the $80 million project,
1n a design that held true to the char-
acter of the community and helped solidify the
bridge’s stat J. area landmark. Concrete

surf; catfents’and form liners, historically
‘ ap@e materials such as copper roofing

A

tone building fagade, substructure shapes
reflecting the arches of a nearby parkway,
complementary lighting, and other similar de-
tails highlighted architectural elements drawn
from the surrounding community.

Opening & Dedication

After nearly ten years of planning and en-
gineering, and four years of construction, on
October 2, 2004, the project was officially
opened to traffic. Dedicated in homage to
Colonel Patrick O’Rorke, a local Civil War
hero, the bridge is heralded by many as a
gateway and landmark that re-shaped and reju-
venated the Port of Rochester. Many consider
this project to be a cornerstone upon which
future waterfront and urban revitalization
will flourish.=

David A. Thurnberr, PE., was the Project
Manager for Bergmann Associates on the
O’Rorke Bridge Project. Dave is the Business
Segment Leader for Bridges at

Bergmann Associates and can be reached

at dthurnherr @bergmannpc.com.

C. Michael Cooper, RE., is an Assistant
Project Manager in Bergmann Associates’
Transportation Systems Group in

Rochester, NY, where he specializes

in design and rehabilitation of bridges

and highway infrastructure, including fixed
and moveable bridges. Mike can be reached
at ccooper@bergmannpc.com.

Bergmann Associates is an engineering and
architectural firm with offices in New York,
New Jersey, Florida, Pennsylvania and

Michigan. (www.bergmannpc.com)




