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1.2.

INTRODUCTION

Client
The client for this project is the City of St. Jpean southwest Michigan. St. Joseph has a

population of about 9,000 people, but during thenser, it becomes a high tourist area,
attracting over 250,000 people annually. The gaeow in Figure 1 shows the location of St.
Joseph. The St. Joseph River runs through theacit empties into Lake Michigan. On the
south side of the river is Silver Beach. OperdigdBerrien County, Silver Beach is the most
popular beach in the city. It attracts touristsvadl as locals to its nice sand beaches, picréa,ar

concert area, and volleyball courts. On the neirtle of the river is the North Pier Lighthouse,
which is a historic Michigan landmark that alsoadts tourists and locals to its beauty.
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Eigure 1. Location of St Joseph

Problem Statement

The purpose of the project is to design a bridger dkie St. Joseph River that will allow
pedestrians to cross from Silver Beach to the fighte. Due to the existing route (shown in
Figure 2) being a 3-mile course along a busy highwlzere is currently not a safe or convenient
way to cross from one side to another. In addjttbe design must take into account the boat

traffic on the St. Joseph River, which is consiyelnusy.
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Figure 2. Current Travel Route

Objective

The objective is to design a pedestrian walkwayldw®ithat will accommodate both the
people and the boats using the channel, as wethagen the travel distance between Silver
Beach and the North Pier Lighthouse.

Constraints

Based on the boat traffic that uses the channeltlamalearance of existing bridges in the
area, the proposed bridge is 25 feet above theageewater level in the channel. Due to the
width of the largest barge, the distance betweerstipports in the channel must be at least 100
feet. Also, the bridge must span a total of 306t feom pier to pier. The City of St. Joseph,
Berrien County, the Federal Government, the US 0O8aard, the US Army Corps of Engineers,
and several private owners manage the surroundieg, &0 working on this project required
communication with many different people. Anothejor concern for this project is aesthetics.
Many residents enjoy the view of Lake Michigan &ne harbor from their homes and would be
upset if a large, unsightly bridge obstructed triatv. Another thing considered in the project
was the environmental effect that it will have. eTéand dunes, natural vegetation, and the river
itself require preservation as much as possible.

Team
Four senior engineering students with varied bamkgds and interests compose our team.
Together we make up a diverse team, which inspiegtivity in our ideas and designs.

Craig Baker

Craig is a BSE-Mechanical student from Strathrogia@io. Work experiences include an
internship with Cogeneration Energy ManagementtirC&tharines, Ontario as well as jobs such
as teaching swimming lessons and working in coacfetming. After graduation, he will be
moving back to Ontario where he will work for CEMdtneering.
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LeAnne Bock

LeAnne is from Almont, Michigan. She is majoring engineering, with both mechanical
and civil concentrations. She has had internship$SA TACOM, the Michigan Department of
Transportation, and Cook Nuclear Power Plant. Shimmer she is working for AREVA NP in
Charlotte, North Carolina and then returning tov@ein the fall to finish her degree.

Melanie Haagsma

Melanie is a BSE-Civil student from Grand Rapiddciigan. She previously spent three
years working as an intern for the Kent County R@adnmission and is currently an intern at
Prein and Newhof Engineering in Grand Rapids. Ba® accepted a full-time position with
Harmsen and Associates, INC in Monroe, Washington.

Abby Stemler

Abby is a BSE-Civil student from Elk River, Minngao Past internships include The City of
Plymouth, Minnesota, as well as STS ConsultanMiimeapolis. After graduation, she plans on
working for BKBM Engineers in Minneapolis, Minneaas a Structural Engineer.

PRELIMINARY DESIGNS
Even though many constraints outlined this projewjor decisions were required. These
decisions include bridge type, bridge location, arvethanical driving system.

Bridge Type
The first major decision related to the bridge tyg® allow all marine traffic to pass through
the channel, only moving bridges were considered.

Swing Bridge

A swing bridge rotates horizontally around a pivahd therefore has the advantage of
preserving the view. It also allows all boat tiafb pass when open without drastically reducing
the width of the channel. The driving mechanism tlee swing bridge is a planetary gear
mechanism driven by an electric motor. A challen§¢his design alternative is the amount of
horizontal area required for opening and closing tridge. Also extensive underground
foundation work is necessary to support pivot mint

Drawbridge

A drawbridge, also called a bascule bridge, istba¢ swings open vertically. A drawbridge
has the advantage of being easy to open, requomhgthe area of the footprints. The driving
mechanism for this bridge uses hydraulic cylinddong with counterweights to open the bridge.
Additionally, they use relatively little energy fonction. A drawbridge is not practical for our
project however because the height distracts fr@ptcturesque background that Lake Michigan
provides.

Retractile Bridge

A retractile bridge is one that rolls or slides lhaards onto itself. It is appropriate for small
areas as there is less space needed for openingasmy the bridge. There are several options
for the mechanical driver of a retractable bridgeirthermore, a retractile bridge has less energy
requirements making it an economical choice. Heawgestructural design of this type of bridge
can be more complicated than other designs.
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Site Location

After visiting St. Joseph, three possibilities foe location of the bridge were identified. The
route from Silver Beach to the North Pier Lightheusr each of these locations is shown in
Figure 3.

Figure 3. Alternative Routes across Channel

Cantilever off the Blossomland Bridge

The first location option for the pedestrian patirogs the channel is along M-63, the
Blossomland Bridge. The red line in Figure 3 shdhis location. The existing sidewalk is
narrow and only a few feet from traffic, so thistiop provides the pedestrians with a safer
crossing on the existing bridge. This option is featsible for a number of reasons though. First,
the Blossomland Bridge is a historic bridge soding on it would be difficult and controversial.
Secondly, there is no added convenience to thetitmt as it would not provide a shorter route
for the pedestrians to cross the channel. Rathisrwalkway would follow the original route,
which is approximately 3 miles. Lastly, buildingantilevered walkway on the bridge when the
addition of a simple railing for the existing sid@ could solve the safety problem is not an
economically practical choice.

Existing State Street Bridge Abutments

The second location option is at the existing lEidgutments on State Street, signified by the
blue line in Figure 3. This option provides pedast with a slight reduction in distance as they
travel across the channel. The distance for tdstlon is 1.75 miles, reducing the walking
distance by 42%. Another advantage of this optothat there already exists a foundation for a
bridge. However, there are also several disadgestawith this location. First, it takes
pedestrians very close to the private dock of Lg&aCement Company, and a bridge in this
location could impede docking at this site. Sedyrttlis route requires pedestrians to travel over
the train tracks, which is not safe. Finally, thigion puts three bridges in very close proximity
with each other making it difficult for large shifssmaneuver through them.
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Location near dunes

The third location option for a bridge across tharmnel is near the dunes. The green line in
Figure 3 shows this route. This option providedgstrians with the most direct path across the
channel and is both safe and convenient. Theraistéor this route is 0.2 miles, which reduces
the original route by 93% and the State Streetertyt89%. The disadvantage of this design is
the environmental impact that building foundationsthe dunes would have.

Mechanical Driver

Because information on the driving mechanisms déteg retractable bridges was not
readily available, several mechanical drivers fbe tproposed bridge were considered as
possibilities.

Hydraulic Ram

A hydraulic ram uses a piston in a fluid-filled iegder to transmit force. Because of the
distance the moving deck covers, the hydraulic famnthe proposed bridge needs to be over 50
feet long making this option not feasible.

Pulley and Cable System

The pulley and cable system uses a cable to palirtbving deck as it retracts and extends.
This system requires the cable to be in tension¢clwks a high-risk option, and the cable is
wound and unwound, which could result in knots tamgles.

Rack and Pinion System

Rack and pinion systems convert rotation into lin@ation. Pinions that are connected to
the stationary deck drive the rack, which is attacho the bottom of the moving deck. This
option houses the moving parts in a compact, sdooagion.

FINAL DESIGN

Using decision matrices (outlined in Appendix 7)1tBe final design developed into a steel
truss, retractable bridge, driven by a rack andbpisystem, which connects the north and south
piers near the dunes.

Structural Design
Analysis Method

Although this bridge is intended for pedestrian aiwycle traffic, the American Association
of State Highway and Transportation Officials (AABB) code was used for design. A
supplemental guide for pedestrian bridges providitional specifications. All load cases for
the bridge comply with Standard SpecificationsHaghway Bridges (AASHTO 2002). Analysis
of the truss design of the bridge included compusierulation using STAAD.Pro and hand
calculations.

Overlap and Balancing

One obstacle encountered during the design wasthieamoving deck generated a large
moment as it extended past the end of the stagicsheek. In order to reduce the effect of this
moment, optimum overlap distance and weight distiim were calculated using Engineering
Equation Solver (EES). Results of this optimizatiwhich was found to be 35 feet, are available
in the Calculation Book.

Truss Design

Figures 4 and 5 show the final designs for the mpand stationary trusses, respectively.
Double angle beams initially composed the diagon@mbers of the truss design, but analysis

-5-
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showed the angle beams failed the loading testsrefdre, round HSS members replaced the
angle beams. This replacement improved our desggh btructurally and aesthetically. The
remaining members are wide flange steel membeffsr Rethe Structural Drawings for complete
specifications and details.

All steel members comply with AISC code. The maugiwas done in STAAD.Pro using
the LRFD design requirements.

NN\

Figure 4. Moving Deck Truss

Figure 5. Stationary Deck Truss

Connection Details

Because of the various steel members specifiedtHferfinal design, connection details
included bolts, welds and coped edges. HSS roumelstaompose the diagonal members of the
trusses. The Structural Drawings show exact sarek lengths for these beams. In order to
incorporate the round HSS members with the wideggamembers, the lengths needed to be
extended and sizes adjusted to slide into the ndgbattom cord members. The connections will
be finalized with shop welds. Wide flanges witBeta angle of 90 degrees make up the vertical
members and the horizontal cord members. Exaes$ sind lengths can be seen in the drawings.
The worst case force outputted by the STAAD.Pro ehadhs used in calculations to find the
number of bolts needed for each connection poibtetailed calculations are given in the
Calculation Book, and the number of bolts and exat configurations are specified in the
structural details.

In order to attach the vertical members to theaong bottom cords, both ends of the beams
had to be coped, or trimmed to fit inside anoth@mber. Approximately 6” on the top and
bottom of all the vertical members had to be copetdto fit into the top and bottom cords. They
were then attached with gusset plates and bolfdijning the vertical members with the cord
members required a spacing insert. This helped badtting the beams together. Calculations for
the coped edges can be seen in the Calculation.EBexk the Structural Drawings for the exact
configuration of all truss members.

All connections comply with AISC Code.

Connection Bearings

With the unique nature of this bridge, extra coesiion had to be given to the truss
connection to the supports. To account for tenmipesachanges as well as motion due to the
moving deck, one side of the stationary deck isxadf connection and the other is a sliding
connection. DS Brown was the company chosen foplging the bearings. The fixed model is

-6 -



3.1.6.

3.1.7.

3.1.8.

3.1.9.

the Versiflex HLMR Fixed PF Series model PF700 dne sliding bearing is the Versiflex
Elastomeric Bearing Assemblies. The cost of thesarings is included in the $1.5 million for
truss fabrication, and the specifications for thesarings are available in Appendix 7.2.3.

Deflection

The STAAD.Pro structural models calculated the mmaxn deflections, based on worst case
loading, for both the stationary and moving declH$ie maximum deflection of the stationary
deck is 1.38 inches when the moving deck is athdlévay point of opening. The maximum
deflection of the moving deck is 1.4 inches at #mel of the cantilever. Hand calculations
(available in the Calculation Book) were also parfed to check that the STAAD.Pro results
were accurate as well as to ensure that the dieitsctiue to the pedestrian live load were within
the limits allowed by the AASHTO code.

Vibrations

The AASHTO code contains specifications for theaiion design of pedestrian bridges. The
code states that the fundamental frequency of titgé must be greater than 3.0Hz, or if this
condition cannot be met, the bridge weight showddpboportioned according to the dynamic
performance equation given by the code. Hand caticwis for the stationary section of the
bridge confirmed that the fundamental frequency weall above 3.0Hz. The dynamic
performance equation had to be used on the moectips since the fundamental frequency was
only 2.94Hz. However, the dynamic performance eatéim showed that the moving section was
within the AASHTO code. These vibration calculasaran be found in the Calculation Book.

Decking

The decking selected for the bridge consists afichés of concrete laid into a metal grid
system. The model chosen was the SDS2T-06 Seweglpd by Interlocking Decking Systems
International (IDSI) Its lightweight design, only 32 psf, and aesthetiosve this decision. To
see the specifications for the decking, as supflietDSI, refer to Appendix 7.2.4. Also, details
for the decking are available in the Structuralvidres.

Lighting

The US Coast Guard (USCG) requires lighting onradvable bridges. Red lights mark the
supports and indicate that the channel is closdab#d traffic, as Figure 6 shows. Green lights
indicate that the bridge is open and mark the radblagchannel, as the configuration in Figure 7
illustrates.

Figure 6. USCG Lighting for Extended Bridge

Figure 7. USCG Lighting for Retracted Bridge
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Other lighting is also necessary for the bridgéhst pedestrians will have visibility in the
dark and so that the bridge will be more aesthigtipteasing. The lighting selected for this
purpose was Tubular Series Light Pipe from TIR &yst because it is designed for wet location
use, has a long lamp life, and is low maintenaibe. specifications of the Tubular Series Light
Pipe are available in Appendix 7.2.5.

Foundations
Existing Pier

Based on a drawing from the US Army Corps of EngiadUSACE), the existing pier in St.
Joseph looks adequate to serve as the foundatiamdasouth support structure. The USACE
drawing for the existing piers can be seen in Aplpeii.2.6.

Proposed Supports

Since the span of the bridge is 300 feet, supp@esled to be added in the water. Without a
sample from the river bottom, the assumption wadenthat the material is saturated sand with a
bearing capacity of 3500 psf. Because of the laattsulated for the bridge, this material would
not provide adequate support, so the use of pilesquired. Based on calculations given in the
Calculation Book, six piles are recommended pendation. Per advice from URS Corp, the
piles will be W14x90 beams. The depth of the pidasnot be determined without soil samples,
so a geotechnical engineer must provide furtheutaiions before the bridge is constructed.

The recommended clearance under the bridge is @pmtely 25 feet. The depth of the
water at the location of the supports is aboute2h, fand the calculated scour depth is 15 feet (see
Calculation Book), making the total height of thgygort 65 feet. Loading on the supports,
including barge impact and ice impact, was caledaand rebar was placed accordingly. In
addition, skin steel was calculated for the desigd can be seen in the Structural Drawings.
Also, see the Structural Drawings for complete glah the supports. The odd shape of the
supports is due to accommodating both the shapgheofiver channel and the position of the
bridge. Since the bridge is not directly perpenldicto the channel, the odd shape allows the
supports to be both parallel to the river and padpmular to the bridge. This design aids in the
maneuvering of barges through the bridge area iamits lthe amount of channel and water flow
obstruction.

Supports meet ACI and AISC requirements for corcagid steel.

Pile Clusters

Although the supports are designed for barge imloacts, the proposed design also requires
pile clusters to be placed around the supportsderoto absorb some of the impact force. Pile
clusters are standard for most bridges of thisreatind consist of several telephone poles bound
together and driven into the river bottom.

Hydraulic Analysis
A hydraulic model of the St. Joseph River was @@aising HEC-RAS software, and steady-
state analyses were performed to see how the mdpwaige would affect the channel.

Existing Conditions

Using streambed information from the USACE, an wsial of the existing conditions was
performed. The flow rate used in the model wasuwtated using Manning’'s Equation. Results
from this modeling are given in the Calculation Boo
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Proposed Conditions

The proposed bridge and piers were added to the-REE model in order to perform an
analysis of the proposed conditions. Results fthim run showed that the water level in the
channel would rise approximately 7 inches. (Seselte in the Calculation Book.) Efforts were
made to reduce this significant impact, includieganfiguring the supports so that they were
partially parallel to the channel and making thesnfed to direct the water around as much as
possible. However, the large size of the suppeas unavoidable. Also, much of the channel is
lined with piers and retaining walls, which elimiaahe floodplain. This means that all changes
in the water level have a direct impact, but ipatseans that changes in the water level will not
affect the width of the channel. Although much lbé tproperty along the St. Joseph River is
owned by the City of St. Joseph and Berrien Countyy would be likely to allow this impact,
there are also several private owners who woule hagive approval or sell a small portion of
their property to the city. Appendix 7.2.7 showsoaing map with property boundaries for the
city. The information received from the USACE wamsited, so these hydraulic results include
many assumptions. Also, because of the limitedrim&tion, the impact distance upstream of the
supports is not known. In the event that thisdeids approved for construction, a more in depth
hydraulic analysis would be necessary.

Ramp & Railings
Ramp Concept and Design

Despite efforts to avoid the necessity of a ramphenbridge there is an unavoidable 29 inch
step, due to the retractable bridge design, betwleemwalking deck of the stationary section and
the walking deck of the moving section. For thiss@en, a ramp is required to transition from one
to the other. This ramp meets Americans with Digtsds Act (ADA) requirements, which
specify a 1:12 slope. The ramp is composed of stegle members with a 5/16” steel plate shop
welded to the top. Specifications and drawingshdf tamp can be found in the drawings on page
S6.8, and the ADA requirements used for the desigrgiven in Appendix 7.2.8.

Railing Design

Railings specifications were also required forlbhelge. Because of limited space, the railing
system selected for this project is HSS tubing thabnnected directly to the truss structure. In
keeping with AASHTO requirements for pedestrian &ic/cle paths, the railing is 54 inches
high with the members configured such that forftist 27 inches, a 6-inch sphere will not pass
through any opening and from 27 to 54 inches oflfiteian 8-inch sphere will not pass through
any opening.

In addition, an ADA compliant railing was requiratithe ramp. Following ADA standards,
this railing is 34 inches high with a 1.32 inchrdeter gripping surface. It is constructed out of
Standard Strength Pipe 1. Drawing S6.7 shows ttalsléor both of these railings.

Moving Deck Alignment Mechanism

In order to ensure the two cantilevered sectionghef bridge meet in the middle, an
alignment mechanism was required. The concept ngltehn in Figure 8 uses sloped edges to
aid in guiding the sections into place. To guarardgentact between the two sections, pressure
sensors are recommended. The specifications cé #essors are not included in this report.
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Figure 8. Center Alignment Mechanism

Mechanical Design

3.6.1. Analysis Method

3.6.2.

Much of the mechanical analysis was done using EE#s program contains a simultaneous
equation solver and optimization features. Funddale of Machine Component Design
(Juvinall, 2006) provided equations used in thelyamma of the gears and shafts. Design of the
cylindrical roller bearings and bolted connectiares done using Autodesk’s Design Accelerator.

Rack and Pinion System

From the gearbox, another gear system transmitfotbes to the rack. Bevel gears and spur
gears (pinions) compose this system. The pinigive dhe rack from the within the stationary
deck support system, which allows for the geardedohidden from view and protected from
above and below. Figure 9 shows the connectidheopinions to the rack, which attaches to the
moving deck. This system allows the moving partbd contained and protected, while the fixed
rack is exposed.

Figure 9. Gear System
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Electric Motor

Electric motors provide power for the drive systeffhe drive system calls for an electric
motor for each main shaft. As Figure diiows, each side of the bridge runs off two maaftsh
requiring four electric motors. Motor sizing wasng using the required power needed to drive
the main shafts taking into account the efficiematios associated with worm reduction gear
boxes. The motor chosen runs at 1800rpm so tleafuade torque is delivered to the main shafts.
Three phase power was specified because motor giraly exceed the maximum horsepower
supplied by single phase motors. The 75 hp matoning at 1800 rpm electrically connected to
three phase 480 Volt is a motor that is on shalfiarreadily available from a supplier. The unit
chosen for our application is the model 365TTFS48G@plied by Marathon Electric. More
details can be found in Appendix 7.2.2.

Gear Box Design

The purpose of the gear box is to reduce the ootaktispeed provided by the motor. A gear
box with a 300:1 reduction ratio was selected basedhe motors rotational speed and the
desired speed of the driving pinions. This reductratio and high torque transmittance
requirement is attained only with a double reductieorm gear box.The gearbox selected is
rated to handle the speed and torque transmitted the motor. The gearbox is self locking,
which means it will act as a brake when the ougihaft is being torqued while the input shaft
from the motor is not being torqued. The unit @mosor our application is the VU80-180
supplied by Cone Drive.

Variable Frequency Drive

In addition, we have designated a variable frequedrive to connect in series with the
motor. The variable frequency drive will allow tkentrol tower to slowly begin moving the
bridge as well as slowly move the bridge to itsaficonnection points in the middle. The
variable frequency drive will avoid the impact |azgl of the motor into the system. The unit
chosen for our application is the model 20BD0O96AMAMRBO supplied by Rockwell
Automation. More details can be found in AppendiX.1.

Braking System

The braking system selected for the applicatiomaagnetic shoe brakes. Braking torque
needed must equal 500,000 in-Ib. These motordbeasourced from Westinghouse Electric, but
their selection was outside the scope of the projét addition to the magnetic shoe brakes, the
gearbox adds redundancy with self locking mechasism

Backup Generators

Backup generators are also needed in this deJigay are needed in case no electric power
can be delivered to the motors. To solve this, ifmmmended design is to have backup
generators at the control tower location with canio®m wires powering the electric motors.
These generators must supply three phase 480 eaktmpto the generators and should be run
once a month to ensure they are well maintained.

Roller Design

Steel rollers, attached to the moving deck, easartovement of the bridge by reducing the
friction factor. Originally, the roller design spied contact between the roller and both the
stationary deck and moving deck, but experimemagiwowed this caused a large friction factor.
The experiment involved Newton scales, steel plaaes rollers with and without bearings.
Conclusions of this experiment showed rollers vaigarings and with contact on only one of the
two decks provided the smallest friction factorhus, the final roller design as shown in Figure
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10 includes three bearings and is designed to baméact with only the stationary deck. All
roller calculations are available in the Calculat@ook.

Figure 10. Side Roller

The rollers also transmit the loads caused by tbegimy deck to the stationary deck. The
moving deck causes a large moment when extendedyirag a large force at the end of the
stationary deck. The large force required add#tiagnllers on the end of the stationary deck to
reduce the force applied on a single roller. Beeahte roller alignment is different from the side
rollers, the plate and shaft orientation were adpisis shown in Figure 11. The calculations for
these specialized rollers can be found in the Catiom Book.

Figure 11. Front Roller

3.6.9. Maintenance
Regular maintenance of the bridge is required.s Tiniludes greasing the bearings, regular
maintenance to the motor and gearbox and rollesirepMaintenance to the motor should be
done every month. This includes removal of accaedl dirt, a check for adequate airflow as
well as checking for corrosion. The bearings @& thotor and gearbox must be greased during
maintenance periods. Maintenance panels are reeoded to ease the repair process. These
panels are not included in this design.

3.7. Cost Analysis
A comprehensive cost analysis, including design @mastruction costs, was completed and
can be seen in Appendix 7.1.3. Major componentshef budget were the fabrication and
transportation of the truss structure, which wasreded at $1.5 million by PDM Bridge, an
experienced bridge fabrication company, and thebgeaand variable speed drive, which were
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estimated at $80,000 and $11,000 respectively.aBeemuch of the bridge is customized, a 15%
contingency makes up for any uncertainties, crgaitotal cost of approximately $4.3 million.

3.8. Other Considerations

3.8.6.

3.8.7.

3.8.8.

4.

Ramp to Bridge

Because the proposed bridge has a clearance lufighbt feet above the water lever, ramps
are required for pedestrians to access the bridd¢mwever, because of the group composition,
designing the ramp structure within the allottetietiwas not feasible. Therefore, the ramp
structure is outside the scope of this project.

Control Tower

Due to many variables that dictate the openingdosing of the bridge, manual operation is
required. This form of operation is consistentwitie operation of the railroad swing bridge and
the highway drawbridge, which are located upstreanne project location. The design of this
control tower is outside the scope of this project.

Gates and Control System

Safety gates dictate when pedestrians may safebg¢he bridge. The control tower operates
these gates. Controls also open and close theebri®&gnsors placed at the end of the moving
deck alert the operator when the gap between tblkesde outside specifications. The plans for
the gates and control system are outside the safdpés project.

DISCLAIMER

This project is part of the Calvin College Engiriegrcurriculum, and therefore does not
have the approval of any professional engineerngr ralated business. Should the enclosed
design be put into use and built, the approval ofgastered professional engineer must first be
sought and obtained. The enclosed design is thaupt of Craig Baker, LeAnne Bock, Melanie
Haagsma, and Abby Stemler and shall not be copiaded in any way unless authorized by a
team member.
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