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Abstract

The Carlson Library Pedestrian Bridge was constructed in 1964 and has had little to no upkeep
since its construction. When the bridge was first constructed it was built for convenience for the
walkers and the aesthetics was not taken into consideration. Now with the University growing,
the current bridge is too narrow for the amount of daily traffic. Also, the aesthetics are becoming
an important issue with the look and feel of the campus. The design for this new bridge needs to
accommodate the increased traffic demand and be aesthetically pleasing without impeding the
flow of the river underneath.

The objective of this project was to provide two alternative bridge design to the university along
with cost estimates. The concepts for these designs were approved by Dr. Lawrence before
beginning. The first was a prestressed concrete bridge with a classical look and feel that blends
in well with the universities current gothic architecture. The second was a more modern
signature steel arch suspension bridge with a glass walkway.

Both bridge concepts proved to be feasible to build and within the maximum allowable budget as
set by Dr. Lawrence. Alternative materials were suggested for both bridges to reduce the cost if
desirable. The classical bridge is wider and less expensive and has an array of possible aesthetic
option to meet the universities desires. The signature steel bridge is more expensive and was thus
made narrower so that it would not exceed the budget. It is 33 feet tall and would stand out more
in the area which may ro may not be desired by the university.

The final results of the two designs were presented to Dr. Lawrence and the River Commission.
Along with the designs a budget was included for the individual bridges along with alternative
prices in materials. The design was not completely construction ready but thorough enough to
provide accurate price estimates. It is up to the university to decide which bridge best suits there
purposes and pursue the appropriate implementatino plan if they choose to build one of the
bridges.
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Introduction

The Carlson Library Pedestrian Bridge is a high traffic pedestrian bridge that is outdated and in
need of replacement. The bridge was designed too narrow for the amount of traffic that goes over
it every day. Since the bridge’s construction in 1964, it has had very little inspection or
restoration. This neglect has started to show in how it is wearing. As the growth of the
University has increased, the area around the Carlson Library has become an aesthetic focal
point. However, the current bridge was not designed for aesthetics. The University of Toledo
has requested that the new bridge designs be generated to enhance the look and feel of the region
around Carlson Library. They also would continue their efforts of enhancing the Ottawa River
Corridor.

The main objective of our project was to design a replacement for the Carlson Library Pedestrian
Bridge. Two different types of bridges were designed as possible replacements. One design was
a concrete pre-stressed bridge. The other was a steel arch bridge.

Another objective in this project is to enhance the scenery of the Ottawa River. In the aesthetic
concept the orientation of the bridge was considered. This was due to the close proximity of the
Carlson Library entrance. Currently, pedestrians are forced to turn left or right after walking
across the bridge and thus are directed away from the library’s entrance. The new designs will
increase the accessibility of the library’s entrance making the area more harmonious.

Finally, a cost analysis was done. As with all construction designs, cost was important in
helping decide which bridge design to choose. In the cost analysis the main area of concern were
labor, materials, equipment and maintenance.

Background

The University of Toledo has a gothic architectural theme with Indiana Limestone across the
majority of campus. Unfortunately, the current Carlson Library Pedestrian Bridge does not
reflect the current architectural theme. Part of the aim in designing a replacement bridge is to
harmonize the bridge with the rest of the university. The new bridge location was also designed
to fit with the overall Ottawa River corridor. Other considerations to the new bridge designs
were the electric lines, the water flow of the Ottawa River, the trees along the riverbed and the
number of pedestrians that can cross the bridge. These issues would affect design and
construction of a new bridge.
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Constraints

The three main constraints that each bridge had to follow were; the American Association of
State Highway and Transportation Officials (AASHTO) guidelines, water flow clearance, and
budget. The AASHTO guidelines specified a truck load, pedestrian load and wind load that were
applied in the analysis. It specified how these loads were applied in relation to one another. It
also specified the maximum permissible deflection of the bridge.

The water flow is a big issue in this area due to the river flooding its banks in heavy rainfall. In
the last couple of years there has been significant flooding. With the flooding occurring annually
the bridge prototypes needed to have nothing underneath them that would obstruct the water
way.

The last constraint is the budget of the bridges. There was not a set budget for this project
because money would be raised to build one of the bridges if its design was chosen. However, a
guideline was given that $500,000 would be a reasonable price and $1,000,000 would be the
maximum feasible. With this constraint in mind alternative methods were explored to decrease
the cost of either bridge. The decreased cost either came from the material or how the bridge is
constructed.

Objectives

There were three main objectives in this project: to design a new pedestrian bridge, consider
aesthetics and functionality of the bridge and give a cost estimate. The design was meant to be
an aesthetic concept and include structural analysis thorough enough to provide a reasonable cost
estimate. It was not meant to be completely ready to be constructed. If the design were
implemented it would need to be checked and completed by a professional engineer.

The aesthetics and functionality of the bridge was the most fundamental objective. The area
around Carlson Library and the Ottawa River is in need of aesthetic improvements. The
university would like to implement a number of aesthetic improvements including seating areas
near the river and the Carlson library. The bridge needs to be an aesthetic addition to the area. It
should appeal to the students walking across it and those sitting in the area nearby. Also, the
bridge that is their right now is too narrow. The students that walk across the bridge don’t
always have enough room to walk and sometimes need to stop and let others pass.

Once an aesthetic concept and structural design were completed a thorough cost estimate would
be completed as well. For this step, the help of construction companies and engineers was sought
out to get as accurate an estimate as practical.
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Description of work

This section presents an overview of the design process. The detailed structural calculations are
included in an electronic format. Initially there were fourteen design alternatives considered.
The images of these bridges can be seen in initial design considerations section of the appendix.
These alternatives were presented to Dr. Lawrence and two options were chosen from the
fourteen. The selected options can be seen in Figure 1 and Figure 6 in the pages to follow.

The first step for the project was to look at the current bridge and determine the issues and
constraints with the site, which can be seen in Table 1. This helped to give an idea of what kind
of designs are feasible for the site. After the site visit was completed, research begun into the
different kinds of bridges that could be implemented and which styles would give the best
options for the University. Once the styles were determined, several samples of what could be
feasible were presented to the clients and two bridge concepts were chosen for the project.

Table 1: Constraints of Bridges

Structural Design Criteria
Soil Bearing Capacity 245
Foundation Concrete Strength 4000

Floor Live Load
Pedestrian
Truck, H10
Rear tire (each)
Front tire (each)

Wind Loads
Maximum Wind Speed
Influence Factor
Horizontal Pressure
Wind Uplift Line Load
Dead Load
Signature Bridge
Concrete Deck
Classical Bridge
Girders
Parapet

Once the two concepts were determined, the next step was to come up with a working design for
each bridge. The first concept was a classical pre-stressed concrete bridge and the second
concept was a signature steel arch bridge. Over the next 10 weeks both bridges were developed
and designs were finalized in order to allow for cost estimated and visual renderings to be
completed. The two bridges are discussed further in the report.
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After the development and final calculations for each bridge were completed, the next step was
to design the foundation. To simplify the work, it was decided that the largest force from either
bridge that needed to be supported by the foundation was used. The design chosen for the
foundation was a shallow foundation which means that it is as wide as it is deep into the soil.
This was determined by the simplicity of shallow foundations compared to deep foundations that
would require caissons or piles and deep drilling to support the force.

The strength of the soil on site was determined through the use of a boring log that was taken
when the David Root Traffic Bridge was built over the Ottawa River in the 1980’s. This bridge is
located roughly 1000 feet down river so it was assumed the soil would not vary much between
sites. With the use of the boring log, the friction angle for the soil was determined for each depth
and this was used to help determine the overall strength of the soil. This was then compared to
the strength required with a factor of safety of 4 to ensure that the soil should hold. It is
recommended though that there be a soil sample taken for the site before construction to ensure
that the soil can hold a foundation of this design. The calculations for the foundation can be
found in the appendix.

Finally, the overall site plan was taken under consideration with the idea that if either bridge was
implemented, there is room for enhancement for the areas directly adjacent to the bridge
entrances. These entrances could be enhanced by adding landscaping, student sculptures, or
seating. This can help to direct traffic more efficiently as well as create a better overall feel of the
area.

Classical Bridge

When starting this project the team found pictures of existing bridges that would become our
inspiration for the duration of the project. For the Classical Bridge the inspiration came from
New York City, Central Park. This inspirational picture can be seen in Figure 1.

Figure 1: Central Park Bridge, New York City

The Classical Bridge started with determining if reinforced concrete would be an economical
material to make the slab. With later calculations the thickness of the slab would be almost 60
inches thick. This option was unusable; | then proceed to do a girder line analysis with pre-stress
concrete.
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The Girder line Analysis pertained to known factors of the pre-stress concrete that was given by
Ed O’Connell, which can be seen in the appendix, which were placed into a MathCAD
calculation sheet that was obtained from Dr. Nims. The known values were placed in the sheet
and the amount of strands and the thickness that would be needed for each girder were solved.
The girder line analysis also had distribution factors, deflections, moments, and shears of one

girder. This girder line analysis can be seen in the electronic copy of the report.

The final results from the girder line analysis can be seen in Figure 2.

33in

2.5in" | 5.51in
S 3x 3 filet
Hollow tubes{: 22in
\ ~26 Pre-stressed Cables
| u : 5.5in
5.5n sin_ 5.5in
371n
48 in

Figure 2: Girder Cross-Section

1 ft Parapet 1 ft Parapet
18 ft Asphalt
r2in of Asphault
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22in  33in
...................................................................... T
............................................................ 5.5in
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Figure 3: Concrete Deck and Parapet
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The concrete bridge’s deck can seen in Figure 3 and will be designed with five 4’x 100” x 33”
girders. A closer view of one of the girders is seen in Figure 2. The girders are to be formed
with a tube at the top and bottom to reduce the wear that has to be applied on top. These hollow
tubes are to be spaced every 10’ on the girder both at top and bottom as shown in Figure 3.

Pre-stressed cables are to go through all four of the 4” girders as seen in Figure 3 at the top and
bottom of the girder. Then the cables then will be tightened. Asphalt, just a wear course, was
chosen to help to secure the girders to stay together.

NS AN

6"

g

\

Hf— Lo L
T A n D

Figure 4: Parapet design 1

f .16!

Figure 5: Parapet design 2

For the parapet we came up with two designs that can be seen in Figure 4 and 5. Both of these
designs could be made out of polymer concrete but the design in Figure 5 would be difficult to
create in the traditional concrete, based off of conversations with Randy Wilson, “Polymer
concrete can give you more details than traditional precast.” The difference between polymer
concrete and traditional concrete is discussed in the Cost Analysis for the Classical Bridge.
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Signature Bridge

Another option that was considered was a signature bridge. A signature bridge is a bridge that
becomes the focal point of an area. It will enhance the feel and aesthetics of the area and utilizes
the latest technologies to create the modern feel that is desired.

The inspiration behind the design of this signature bridge was from the Zubizuri Bridge in Bilbao
Spain, which can be seen in Figure 6. This bridge uses a large steel arch and cable supports to
hold a deck below the arch. The design concept for the Carlson Library Pedestrian Bridge was
based off of that design. The design was to use a large steel arch to span the river. Then attach
steel cables to the arch that connect to the deck below. The arch will span diagonally from one
corner of the deck to the opposite corner as it crosses over the river.

The Zubizuri bridge has a glass deck which has a more modern and unique aesthetic appeal but
would not be able to hold a vehicle driving across the bridge. Since the AASHTO code requires
that the bridge be designed to hold a vehicle, it was necessary to make the steel structure able to
hold the weight of a concrete deck and the vehicle. However, the design and cost analysis were
still completed for a glass deck which would be recommended if the funds are available and the
university is willing to let the bridge handle strictly pedestrian traffic.

| LY
- |
~ B
Al [ ! =
‘ 7 I J 1=

Figure 6: Zubinﬁ Bridge in Bilbao Spain

The first step in the design process of this bridge was to develop a geometric design that met all
the necessary constraints. These constraints included head clearance under the cables, adequate
usable deck width, and efficient structural support. After several ideas and trials the final
geometry was determined and is shown in the following figures.



The University of Toledo
PN, AT Department of Civil Engineering

THE UNIVERSITY OF TOLEDO

v Carlson Pedestrian Bridge Project

The orientation of the bridge was taken into consideration and it was determined that it could be
turned 20 degrees toward the Carlson Library entrance. The orientation is shown in figure 7
below. The 97° long area is the original bridge which is 10’ wide. The angled area is the
proposed bridge and at the top of the diagram is the Carlson Library side of the river. Figure 8, a
photo taken from the library, shows roughly where the bridge would be on the near side of the
river after it starts from the same point as the existing bridge.

97.0000
104.0000

N

Figure 7: Deck Dimensions and Orientation
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The width of the bridge is 18 feet to the center of the round side members. The W14x34 I-shaped
beams were set at an angle as shown for a unique aesthetic feel. The WT6x9.5 T-shaped
members are not used to hold up the deck. They are used to stabilize the superstructure by

handling tension and compression within the structure itself. The deck design and dimensions are
shown in figure 9.

R 16" round HSS tube
‘WT6x9.5 member ‘

Center of Bridge

W14x34 beam

\
1 \ / \
\ \

i\

104 -

Figure 9: Deck Dimensions

The arch was redesigned several times. Originally it was simply a segment of a circle beginning
at the corners of the bridge with a height of 30 feet. This did not provide enough stability so it
was determined that the arch member should be straight from the corner of the bridge until where
the first cable intersects the arch. The height of the first cable intersecting was determined to be
22 feet in order to make head clearance work. The longitudinal distance of the cable connections

in the arch were chosen to be 4 feet for aesthetic and structural simplicity. The final dimensions
can be seen in figure 10 below.

16" diameter tube

—T \
f I 7 f{ I | ‘“ \ \‘ 4.0~
i 7 /. o\ \
31.2 Lo /77 11 11 1L\ A\ N\
325 292 y AN A AU 1" diameter cables
328 27.1 | 22.0 [ /] A :

24.7 /| | AR R Y

Figure 10: Arch and Cable Dimensions
Before this final design was achieved there were a couple steps of trial and improvement. First, a
simple circle segment was used beginning at the intersection of the first cable. This did not
provide enough stability in the center of the bridge. Finally, a functional design was achieved by

10
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using a line centered between the original circle segment and the tangent lines but increasing the
curvature at the very top. This can be seen in figure 11 below. A segment of a circle was
constructed as shown and the final arch follows the centerlines between the arch tangent and
original circle segment and then between the two circle segments near the top.

Figure 11: Arch Design Methodology

The glass deck is made up of a grid of 2°x2” pieces supported by WT2x6.5 T-shaped members. It
is 12 feet wide as determined earlier. The 2°x2’ glass pieces were chosen for structural integrity
and geometric ease. The grid is then 6 pieces wide extending the length of the bridge. It was
oriented at a slight angle to make head clearance easier at the ends of the bridge and for aesthetic
uniqueness. The layout of the glass deck is shown below in figure 12.

2'x2' Glass Grid

T T T O e e T,
W HHHH N un | ﬁh NENSNENAESEEEERENEE HH 120
A ”— L I_Lp T T T ﬁ }_‘ *T‘L ET |

Figure 12: Glass Deck Design

The biggest challenge faced in designing the members for the bridge was to ensure that the steel
members could hold the loads that where applied to them. These loads are the weight of the
bridge itself, the pedestrian loads, the concrete deck, and the weight of a truck if it were to be
driven over the bridge. There are several different regulations and factors that needed to be
addressed before the design process could begin. First of all, AASHTO has a set of guidelines
that specify the weight assumptions for both the pedestrian load, and the truck load. These
guidelines set the assumed weight to be 90 pounds per square foot for the pedestrian load, and
for the truck load it was set as 8,000 pounds per rear truck tire and 2,000 pounds per front truck

11
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tire. There are two types of loads that were considered. The first was the dead load, which is any
weight on the bridge that is stationary and continuously applied to the bridge. This includes the
weight of the members, the weight of the deck, and any other weight that is attached to the
structure itself. The second type of load is a live load, which is any load that is applied to the
structure that changes, such as pedestrians walking over the bridge or the truck load at any given
moment as it cross over the bridge. These loads are then scaled to increase the load to ensure the
bridge members can hold the assumed weight. The dead load was multiplied by a factor of 1.2
and the live load was multiplied by a factor of 1.6. These loads were then added together to give
the maximum total load possible on any given deck member.

After the loads were determined the next step was to construct a three dimensional model into
the structural analysis software SAP. This is a structural analysis program that uses finite
element method to determine the forces on the bridge itself and how the loads are transferred
throughout the structure. After examining the loading and what was estimated to be the resulting
forces in each member, a rough over estimation on beam size was determined to see how the
bridge would behave and hold up under the forces. After examining the deflections and bending
moments in each member, the size was then changed to try and find the most economical
members possible.

After the optimum members are found, it is important to check the reactions and deflections at
each corner point of the bridge to ensure that there is not an unacceptably large force being
applied to the ground or any tension force needed from the foundation. Foundations do not
support tension forces very well and would cause a very large problem for the design of the
bridge if there was any tension force needed from the foundations. The bridge was designed so
that after the gravity loads were applied, there would be only four point were the loads were
being transferred to the foundations. These four points are at the corners of the bridge and are
designed to be set onto the foundation. Analytically, the bridge and the foundation are almost
independent of each other, only one point was supported in all directions, the rest of the corners
are to be restrained in only two directions, vertically and laterally. This is due to the design of the
deck itself and how it handles the forces. Figure 13 shows the reactions at each corner of the
bridge that will be transferred to the foundation.

Figure 13: Reaction Forces

12
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Cost Analysis

Classical Bridge

Table 2: Cost of Classical Bridge
Option A Option B
Asphalt $4,200 $4,200
Girder $117,500 $117,500
Parapet $208,000 $176,000
Cranes $103,000 $103,000
Excavation $527 $527
Retaining Walls $8,813 $8,813
Concrete $151,200 $151,200

Bridge $432,700 $400,700
Foundation $160,540 $160,540
Total $593,240 $561,240

Table 2 shows the individual items along with the total cost of the concrete bridge. The girder,
parapet and asphalt were costs that were giving by contractors in their respective fields. The
major difference between Option A and Option B is that the parapet in option A is $32,000 more
that option B’s parapet. All cost estimates given by the contractors can be seen in the appendix.

The difference between these two options is Option A is an Architectural Polymer Panels that is
“impervious to water, salts and the environment. It is less than 1% water absorption. Polymer
allows more aesthetic flexibility; it can be formed in shapes and colors that are not possible in
the conventional concrete. The polymer concrete is more expensive but will require less
maintenance in the long run. The University can clean with a power wash yearly and it does not
require any waterproofing. Polymer concrete’s light weight will reduce the structure, reduce the
number of stainless steel connections in the structure and will require small pieces of equipment
to install/ deconstruct. Along with renewable material choices, recycled content and
biodegradable products.” says Randy Wilson of Select Thin Brick, LLC. The only downside of
the Architectural Polymer panels is that they run between $850-900 per linear foot and the
installation is $1,000 per piece.

Option B is a Traditional Precast Concrete panel which “is susceptible to erosion due to salts and
weather.” says Randy Wilson of Select Thin Brick, LLC. In comparison the Traditional Precast
Concrete is between $550-600 per linear foot and to install is $2,000 per piece.
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Signature Bridge

Table 3: Signature Bridge Cost Comearison
Glass Deck Concrete Deck

Steel Cost $450,000 $450,000
Decking Cost $180,000 $0
Foundation $160,540 $160,540
Miscellaneous $25,000 $25,000
Total $815,540 $635,540

From Table 3 above, it is clear that the glass deck option will cost significantly more due to the
added cost of the glass and its installation. The decking cost for the concrete deck is included in
the cost of the steel for that option. The miscellaneous costs are the costs for the removal of the
current bridge, the cost of tree trimming or removal, and other site preparations that are need.

The cost of steel was given Ted Hazledine of Benchmark Steel with assistance from Midwest
Steel. This is the cost of both materials and erection of the bridge; which means that labor and
welding are included in these costs.

The glass that was chosen for the deck was four half inch laminated glass sheets that have a PVB
vinyl 0.045 millimeter interlayer. This interlayer is used to help with strength and makes the
glass shatter resistant. The top plate of glass is heat treated and has a skid resistant finish to
ensure that no pedestrians will slip when the bridge is wet and meets ADA guidelines.

Also to add to the overall aesthetics of the bridge, the glass is to be frosted or tinted blue. This
will allow for the addition of lights under the deck which will help to tie the bridge in to both
Savage Arena on campus, and the Veteran Memorial Skyway Bridge on 1-280 over the Maumee
River. This lighting can be used in place of the current light poles that are on the bridge, which
would interfere with the cables and arch.

If there is a concern for ice buildup the bridge deck or arch, there is a possibility to add heating
to the deck and to the arch tube. If this is to be done, an analysis of how this would affect the
strength of the materials must be done before implementing these ideas onto the bridge.
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Results

Classical Bridge

The final results of the Classical Bridge can be seen in Figure 14-16. These drawing were
provided by Google SketchUp. With Google SketchUp drawings it is possible to provide an idea
of the aesthetic feel of how it would look over the Ottawa River corridor. Overall with this final
design the bridge increased in width by 10ft. With the increased width there is now 18 feet of
clear space for pedestrians to walk on. The orientation of the bridge was not considered for this
design but, could be implemented as shown by the Signature Bridge.

Figure 15: End View

VO '

Figure 16: Side View
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Signature Bridge

The signature bridge was able to meet the determined constraints given by the client. The bridge
does not restrict the flow of the river, it increases the width of the bridge to allow a greater traffic
flow, and it was oriented 20° to allow for a more direct path into the Carlson Library. The price
on this bridge does exceed the ideal budget, but with the proper fund raising and donors, it is
very feasible to construct. Below in figures 17-19 are Google SketchUp renderings of the bridge
as it crosses over the Ottawa River.

Figure 17: 3D View

Figure 18: Side View

Figure 19: End View
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Implementation plan

This preliminary design was for concept and cost. The next steps after this proposal would have
a refine design, complete calculations and design all details. Then, a PE would verify the values
and sign off on the bridge. After these steps were completed, design drawing would need to be
developed and put the project out for bids. Meeting with the contractors would give a better
understanding of how their products would collaborate with each others. Once the products are
verified then detailed drawings would be made to limit the amount of errors that could occur and
increase the cost of the bridge. Once the design is settled then an updated cost estimate would be
performed from multiple contractors to insure the cheapest cost possible. Lastly, bid the project
to a contractor and build the bridge.

Conclusions

After analyzing both bridges, it was determined that both the classical, and signature bridges are
feasible options to replace the existing pedestrian bridge. Each bridge has its advantages and
disadvantages but they both meet the AASHTO guidelines and are structurally sound. They
could also both be redesigned and reoriented slightly at very little cost difference. Depending on
the aesthetic feel the university would prefer either one could be built. The classical bridge has
more potential for achieving a gothic feel similar to the university’s current architecture. The
signature bridge would stand out more as a showpiece of modern design.

Since the river flow clearance was given as a constraint both designs were kept as high in the
river bed as possible. But concrete structures are inherently larger than steel structures. In
choosing which design the university prefers it should be taken into consideration that the
signature bridge will be 18-20 inches deep from the surface of the approaching walkway and the
classical bridge will be 35 inches deep. Also it should be considered that the classical bridge has
an 18 foot wide walkway but the signature bridge only has 12 feet. If 18 feet were deemed
excessive, the classical bridge could be redesigned and the cost reduced. Finally the cost of each
bridge, as summarized in the table 4 below, should be considered.

Table 4: Cost Comparison
Classical Bridge Signature Bridge

Polymer Traditional Steel Glass Steel Concrete
Concrete Concrete Deck Deck
Total Cost $593,240 $561,240 $815,540 $635,540
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Appendix

Qualifications

The design team is comprised of four senior civil engineering students at the University of
Toledo. Each member has had course work in structural steel design, reinforced concrete design,
fluid dynamics, and other structural and hydraulic related courses. These classes have given the
group a very strong background into the necessary topics of this project. Each team member has
done 3 co-operative learning terms with various companies or institutions which also will give
them further background on what is needed for this project.

Team Members
Erin Davis

Erin Davis did three co-ops with Danis Construction Company.
While on these co-op’s she worked two semesters as an estimator and
one semester on-site. The two semesters that she worked in
estimating the work varied from providing quantitative take-offs on
¥ On-Screen, organized and updated drawings, participate in Pre-Bid
meetings and dropped off the bids on bid day. When she was on-site
she worked in Chillicothe, Ohio at Adena Hospital. This job was a 32
million dollar expansion and renovation project. While working at
the Hospital she performed humidity testing on-site, conducted
progress meetings with the subcontractors. Provided progress reports
to the owners and subcontractors did 3-week look-a-head planner for
the job site. She also filled request for information forms, and
reviewed and submitted submittals and transmittals. In September she
plans on starting a full-time position at Danis working as a Project Engineer.

Micah Shumway

Micah Shumway is pursuing a Bachelor of Science in Civil Engineering

at the University of Toledo. He will graduate in May 2011. He has
successfully completed all coursework required for the degree except the
Senior Design Projects course. He has completed two co-ops with
Diamond Z Engineering in Parma, Ohio where he helped update Piping
and Instrumentation Diagrams (P&ID’s) for BP oil terminals. This
involved site visits to verify and update existing P&ID’s by field
inspection and working in the office to create P&ID drawings in
AutoCAD as per field inspection. He also worked for the University of
Toledo as a research assistant to Dr. Eddie Chou in transportation
research. This involved collecting and analyzing data on current street
conditions, developing a plan for the City of Toledo to repair residential streets in 2010-11.
Before beginning his education in civil engineering he worked as a finished carpenter for
Kustom Krafters of Toledo, Ohio for whom he built, finished and installed cabinets and other
woodwork. Here he also helped build additions on several homes.
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Jonathan Lidgard is a student at the University of Toledo and is perusing
a Bachelor of Science Degree in Civil Engineering. He has worked for 3
years as an AutoCAD technician for the University of Toledo. In his
work with the University he has developed an in depth knowledge of
AutoCAD as well having access to the University’s archive library. He
has worked on several projects for the University that includes the
renovation of Savage Arena and the Stranahan Hall North addition. He
has completed courses in steel design, reinforced concrete, foundation
design, fluid mechanics, and structural analysis. He also has a working

relationship with many of the project managers and maintenance workers for the University of
Toledo in which he can gather knowledge that can become useful when designing this bridge. He
also has worked with computer programs such as Microsoft Office Suite 2007, Windows 95-
Windows 7, as well as SAP structural design software and C++ programming.

Shuo Xu

Shuo Xu is pursuing a Bachelor of Science in Civil Engineering at the
University of Toledo. He will graduate in December 2011. He has
successfully completed most of the coursework required for the degree.
His computer skills include AutoCAD, Microsoft Windows XP/Vista/7,
Microsoft Word, Excel and PowerPoint, SAP Structural Analysis
software. He has completed one co-op with Dr. Youngwoo Seo in Civil
Engineering at the University of Toledo where he works as a research
assistant in Fabrication and Characterization of Chloramine
Microelectrode for In-Situ Monitoring of chloramine in Water
Distribution Systems. This involved collecting and analyzing data on
two kinds of chemical solution and making the micro sensors.
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L2 NOTE: ALL BARS ARE 84
o

EXTRA No. & BARS GYER PIERS
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0 - TOTAL DEFTH OF THE WON-CONPOSITE BEAM (1) ®
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DESIGN NOTES DESIGN DATA (SE€ voTE &1
I THIS DRAWING PROVIDES INFORMATION FOR THE DESICNER AND IS STRAND TOC. | WOMBER A0 | TERSIE TENSIE BARS 2T TOF " -
HOT INTENDED FOR USE AS 2 STANDZRD DRAWING. REFERENCE SHALL SPaN ore| MipsPAN or |FROM BOTTOM| 'LENGTW OF | BARS 4T [ FULL | ADDITIONAL GARS CAMBER/DEFLECTION DATA (IN.J STIRRUP DATA
BE MADE TO STANDARD DRAWING PSBO-2-07 FOR DETAILS OF BEAMS. gox |ShaN ede| MDSRAN | N, v oF Box | srmanps orsonpep| Bo7ToM | 1 ENGTR A D (SEE NOTE 51
2. DESIGN SPECIFICATIONS: “AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS® 27 | 4 | &7 | 167 | 267|367 | NG. |SIZE| NO. |SIZE| NO. [SIZE|LENGTH M| & 4 8-C | 1.86-1.85C |7.456-2.4C) O L N . I 4
ADOPTED BY THE AMERICAN ASSOCIATION CF STATE HIGHNAY AND — = = o 5 - ~ — T
TRANSPORTA TION OFFICIALS, 2004, INCLUDING THE 2005 AND 2006 gir-ag | Y .87 oo w Z21513 |5 G.34 | 0pr | ozr ) 09 T R O ) IS I
INTERIM REVISIONS AN THE GDOT BRIDGE DESIGN MANUAL . 25 3.87 12 12 2|5 4|s 0.63 | 0.5 | 0.45 | 0.80 Li 0.05
3. DESIGN DATA: 20 6.44 & 8 z|s[a]s]|-]- - 0.6 | 0.03 | 0.3 | 0.23 0.3z | 0.0
25 .44 i2 iz z|s|a|s|-|- - 0.37 | 0.07 | 0.30 | 0.54 6.7 | 0.02
(i ATA ARE APPLICABLE TO STRUCT! ™
SHEW - e GESIEN DT (T APPLICABLE TO STRUCTURES WITH SKEW BiT-48 | 30 5.44 iz i2 z|s|a|s|-|- - 0.5¢ | 0.5 | 0.39 | 0.69 0.86 | 0.04 |05\ 4| &% | 2| @2°
35 644 i 4 zlsla|s -] - - 0.6¢ | 0.27 | 0.57 | Lot iar | oor
Vi ADIME Fi
LIVE LOADING = HL-33 40 5.22 i@ | 2 2|5 a8 -|- - 134 | 0.46 | 0.68 | 156 208 | 0.
LIVE LOAD - THE APPROXIMATE METHODS OF ANALYSIS GIVEN IN 30 g.47 Zz |z T z s lalsl-1-1 - 0.39 | 0.05 | 0.30 0.54 0.74 0.07 |
DISTRIGUTION  AASHTQ LRFD ARTICLE 4.6.2.2 HAVE BEEN USED, THE . .
ol X O . A B a PP A A R A A o P Bl
g RE FOR 821-48 | 40 8.47 Ci Ci z|s5|4|s|-|- - 0.0 | 0.29 | 0.5/ | 0.90 126 |o.or| 2 |6| & | 3| 2
05 T-TENSIONING (1.6, BEAMS ARE CONNECTED ONLY
ENOUGH TO PREVENT RELATIVE VERTICAL DISPLACEMENT a5 8.42 i6 & 25|45 2|4 507 L\ 0.46 | 0.68 1.20 .68 o.n
AT THE (NTERFACE). ALL DESIGNS SHOWN HEREIN ARE BASED s ge
ON EXTERIGR BEAMS (HIGHER OIS TRIBUTION FACTORS). THESE 50 5.22 C N z15 91512 4] 58 .70 | 0.89 | .01 .78 2.5 | 0.1
DESIGNS MAY ALSO BE USED FOR INTERIOR BEAMS (L OWER 90 11.39 i 4 Z| 5| 4|5 | 2| 4| 53 |055]| 00 |038] 0.88 0.91 | 0.04
DISTRIBUTION FACTORS), s .39 i6 6 2|s| 4|8 |2| 4| 60" |079| 026 0.53| 094 w3 | 0.08
SUPERIMPOSED - ASPHALT OVERLAY = 31%° THICK (4V6.) 50 11.39 6 | z|s| 4|5 | 2|4 s | 088|040 | 058 102 [XCIN I-XC R I .
DEAD LOADS RAILING WEIGHT = 0.10 KL PER RAIL (TSF-1-95) Ber-ag| oo .39 P P 2l sl als 2|4l g6 | 132 | 00| o2 127 79 oz | Bl &[T #
FKS = 0.060 KSF . . . : - : .
DA LOAD - INTERMEDIA TE BIAPAGH WEJGHT 15 BASED O 50 .03 22 |4 z|ls|4|s | 2|s Les | o.85 | 0.58 | L4 247 | 0.8
AD LOAD - INTERMEDIATE DIAPHRAGM WEIGH A W 2
55 .67 2 | 2|5 4|85 2|5 243 | w6 | Ler | 223 307 | 0.25
3-0° [ONG DIAPHRACMS AND NUMBER OF DIAPHRAGMS 1 1 12 L5l ! !
SHOWN ON STANDARD DRAWING PSBD-2-07. 50 .33 6 i zls|a|slz]s 0.73 | 0.26 | 0.47 | 0.83 LB | 0.05
CONCRETE - MIN. COMPRESSIVE STRENGTH AT 28 DAYS f'c = 7 KSI MM uw“ UM “M M M M “ w m n___.ww m.ua M,“w w.mm nmm ea,kﬂ_._m
N, COUPRESSIVE STRENGTH AT TIME OF INITIAL PRESTRESS 533-98| g5 i3 20 ||z 2lslals|3ls 150 | 0.76 | 0.74 | 129 ras | ous | 7 || &7 || @
ol =
. 70 13.97 22 || 2 z2|5|4|5|2|5 189 | Loz | 0.87 | 152 248 | 0.20
G e it viewo sTRENGTH = 60 kST 75 13.72 2% k|8 4 2|s5|4|5|2|s5 249 | L33 | L6 | 202 2.9 | 028
80 13.40 30 6| 4 2|5]|4|5 25 307 | 177 | 140 | 2.43 352 | 0.34
EREETRESSING .\Nmamﬁhmmw%mez FELARATION STRENDS 55 18,15 70 | 4| & Z[s5|4|5]3]86 105 | 0.48 | 0.57 | 100 iz | 0.08
ips - 0.I67 S0 IN. FER STRAND 70 15.38 20 || 4 z|s5|4|s5 |38 123 | o.64 | 0.59 | Lo3 i.48 o.n
B s gipas| 18.24 22 6|6 2 z|s5|4|s5 3|8 154 | 0.83 | o.m 24 LECTIN I (S ) R )
ELATIVE quMiDiTy, W = 70x 80 17,78 24 2|2 2 2|58 |3|s Les | i | o.rs | 29 ras | o.e
INITIAL STRESS 0.75 fou = 202.5 KSi 85 17.85 2 M| 4 2|55 3|8 227 | 140 | 0.87 | 150 220 | 0.23
INITIAL TENSION [OAD = 3382 KIPS/STRAND 90 17.98 0 || | a2 |z|sa|s | 35]8] 295 | 175 | nis | 204 2.8 | 0.9 |
A SEVERE CORROSIVE ENVIRONMENT WAS ASSUMED IN DE TERMINING
THE TENSILE STRESS LIMITS AFTER LOSSES (AASHIO LRFD ARTICLE 5.9.4.2.2). e BARS @ 2 SPA v 5Pa
5P .
LOAD MODIFIERS FOR DUCTILITY, REDUNDANCY, AND OPERATIONAL IMPORTANCE (STIRRUP B (STIRRUP B9
WERE TAKEN AS 1.0 (AASHTO LRFD ARTICLE 1.3). ST T g Y- SPa. @ MDSEAN,—— Spme 5 e v e g oA, oars @ 2+ 5P o
¥ @ “7°SPA. @ CACH v BARS @ ‘Z* SPA. @ LACH 7 -
STRAND AREAS WERE NOT TRANSFORMED IN SECTION PROPERTY CALCULATIONS. (APPLIES TO B17-48 THROUGH 842-48, SEE (APPLIES TO BI7-45 THROUGH B42-48, SEE ISTIRRUP T V2 | (STIRRUFP T
MILD REINFORCING BARS WERE NGT CONSIDERED IN DETERMINING THE STRENGTH WNOTE 2 FOR Bi2-48) NOTE 2 FOR Bi2-48]
OF THE SECTIONS.
Ne, 4
ALL DESIGNS MEET THE CRITERIA FOR DEFLECTION GIVEN [N AASHTO LRFD STIRRUP STIRAUP T
ARTICLE 2.5.2.6.2 AND THE CRITERIA FOR SPAN-TG-DEPTH RATIOS GIVEN IN ADDITIONAL TOP BARS AT ENDS 1
SAETE (D ARTICLE 28 2R, OF BEAM (WHERE REQUIRED) e
4. PRESTRESS | 09SES WAVE BEEW COMPUTED IN ACCORDANCE WITH ddswro === 1 —-- STIRRUP B
LRFD EQUATIONS 5.9.5.1-1, 5.9.5.2.30-1, AND 5.9.5.3-1 (APPROXIMATE CENTROID OF BOX B
ESTIMATE OF TIME-DEPENDENT [OSSES). s M L
5. CAMBER DAT2 GIVEN IS THE CALCULATED CAMBER AT TIME OF RELEASE (B-CJ, RN B |I.|||k. STIRRU 4"
CAMBER AT TiME OF ERECTICN (1.88-1.85C], AND [ ONG TERM CAMBER (2.458-2.4
WHERE 8 = CAMBER DUE 10 PRESTRESSING AT RELEASE AND € = DEFLECTION CENTROID OF STRANDS L S A — H ~TF
DUE 1O WEIGKT OF BEAM INCLUDING DIAPHRAGHS, PROVIDE THE CAMBER AT . T+ e . e -
FELEASE, CAMBER AT ERECTION, AND [ ONG TERM CAMEER IN THE PLANS. STIRRUP “4~ @ _ BAR [T1F., & BAFS AT m\mn;wmﬁtﬂaor HANS & X 5P, ¥ SPA-
0 = CALCULATED DEFLECTION AT MIDSPAN DUE TO 4 3V ™ THICK ASPHALT 3P0 8 MIDSPAN 2oL 5 S BaTTom OF STIRRUP A7 TSTIFRUP 47
WEARING SURFACE AND TWO (2) BRIDGE RAILS WEIGHING ©.10 KLF PER RAIL. far e )
THE VALUE SHOWN 1S THE MAXIMUM IN(TIAL SUPERIMPOSED DEAD L DAG A PR .L 9 5en. 8 2" THie BEAM PARTIAL ELEVATION AT BEAM END
DEFLECTION FOR THE APPLICABLE ROADRAY WIOTHS (SEE NOTE &) SPA. & g 5P, 8 (APPLIES TO BI7-48 THROUGH B42-48)
. L F- (SEE NOTE 2 FOR Bi2-48)
6. ROADWAY WIDTH: THE BEAMS ON THIS SHEET ARE DESIGNED FOR THE

FOLLOWING ROADWAY WIDTAS, MEASURED BETWEEN FACE OF BRIDGE RAIL
24 FT. S WIiDTH €72 FT.

THESE DESIGNS SHALL NOT BE USED FOR ROADWAY WIDTHS LESS THAN 24 FT.
OR GREATER THAN 72 FT, SPECIAL DESIGN IS REQUIRED FOR ROADWAT WIDTHS
LESS THAN 24 FT, OR GREATER THAN 72 FT,

INTERPOLATION: FOR BEAM SPANS NOT SPECIFICALLY LISTED IN THE DESIGN DATA

TYPICAL STRAND LOCATION & STIRRUP SPACING

STRANDS SHALL BE PLACED AS SHOWN AND SHALL BE DISTRIGUTED STIMMETRICALLY OVER

THE BEAM WIOTH. STRAND PATTERN AND THE DFBONDED LENGTHS SHALL BE SYMMETRICAL

ABOUT VERTICAL € OF BEAM. OFBOMDED STRANDS SHALL BE iN THE BOTTOM LAYER. EXTERIOR
STRANDS SHALL BE FULLY BONDED. LENGTH OF STRANDS TO BE DEBONDED IS MEASURED FROM
ENDS OF BEAM. TWO BOTTOM BEINFORCING BARS (#5, FULL LENGTH OF BEAMI SHALL BE [OCATED
AS SHOWN, A LAF OF 3-3% FOR BOTTOM BARS SHOULD BE FROVIDED WITHIN THE OUTER QUARTER
OF THE SPAN, IF NEEDED. FOUR TOP REINFORCING BARS (#5, FULL LENGTH OF BEAM) SHALL BE
LOCATED AT THE STIRRUP CORNERS AS SHOBN, A LAP OF 3-8 FOR TOP BARS SHOULD BE PROVIDED
WITHIN THE JAOOLE HALF OF THE SPAN, IF NECOER, ADDITIONAL TOP REINFORCING BARS AT

ENDS OF BEAM, WHERE REQUIRED, SHALL BE PLACED SYMMETRICALLY OVER THE BEAM WIOTH

AND SHALL BE PLACED MIOWAY BETWEEN FULL LENGTH BARS.

NOTES:
1. A - LENGTH MEASURED FROM ENDS OF BEAM

2. # - FOR BI2-48, PROVIDE A STRAICHT #4 BAR AT
THE TOP OF THE BEAM AT EACH LOCATION WHERE
STIRRUP “A* IS PROVIDED.

3. FOR BIT-48 THROUGH B42-48, STIRRUP *4* AND
STIRRUP B~ SHALL BE PLACED AT THE SAME LOCATION
AT MIDSFAN.

4. FOR BI7-48 THROUCH B42-48, STIRRUP T* SHALL BE
FLACED HALF-WAY BETWEEN STIRRUPS B® AT MIDSPAN,

USED SHALL ALWAYS BE ROUNDED UP TO THE NEAREST EVEN NUMBER. DO NOT
EXTRAPOLATE BEYOND THE GIVEN DATA,
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DESIGN NOTES

THIS ORANING PROVIDES INFORMATION FOR THE DESIGNER AND 1S
NOT INTENDED FOR USE AS A STANDARD ORAWING. REFERENCE SHALL
BE MADE TO STANDARD ORAWING PSE0-2-07 FOR DETAILS OF BEAMS.

DESIGN SPECIFICATIONS: “AASHTO LRFD BRIOGE DESIGN SPECIFICATIONS®
ADOPTED BY THE AMERICAN ASSOCIATION OF STATE HIGHWAY AND
TRANSPORTATION OFFICIALS, 2004, INCLUDING THE 2005 AND 2008
INTERIM REVISIONS AND THE ODOT BRIDUE DESIGN MANUAL .

DESIGN DATA:

SKEW - THE DESIGN DATA ARE APPLICABLE TO STRUCTURES WiTH SKEW
ANGLES OF 30° OR LESS.

LIVE LOADING - HL-93

LIVE LOAD - THE APPROXIMATE METHOOS OF ANALYSIS GIVEN IN
DISTRIBUTION ~ AASHTO LRFD ARTICLE 4.6.2.2 HAVE BEEN USED. THE
APPLICABLE CROSS SECTION ON TABLE 4.6.2.2.1-] IS
THE OESICNS ARE FOR BRIDGES WITHOUT TRANSVERSE
OST-TENSIONING (7.6, BEAMS ARE CONNECTED ONLY
ENOUGH TO PREVENT RELATIVE VERTICAL DISPLACEMENT
AT THE INTERFACE). ALL DESIGNS SHOWN HEREIN ARE BASED
ON EXTERIOR BEAMS (HIGHER OISTRIBUTION FACTORS). THESE
ODESIGNS MAY ALSO BE USED FOR INTERIGR BEAMS (LOWER
OISTRIBUTION FAC TORSI.

345" THICK (AVG.)
= 010 KLF PER RAIL (TS F-1-39

SUPERIMPOSED -
DEAD L 0ADS

ASPHALT OVERLAY =
PRAILING WEIGHT =
FHS = 0.060 KSF

DEAQ LOAD - INTERMEDIATE DIAPHRAGM WEIGHT IS BASED ON
307 LONG DFAPHRAGMS AND NUMBER OF DIAPHRACMS
SHOWN ON STANDARD DRAWING P3B0-2-0F.

CONCRETE - MIN. COMPRESSIVE STRENGTH AT 28 DAYS fc = 7 K5I

-.“.S. nmﬁhmm:\ﬁ STRENGTH AT TIME OF INITIAL PRESTRESS
k2l

REINFORCING - GRADE 60

STEEL MINIMUM YIELD STRENGTH = 60 KSI
PRESTRESSING - ASTM A416 LOW RELAXATION STRANDS
STEEL \m DIAME TER
xqm = 0.067 50. IN. FER STRAND
v = Z70 KSI
28,500 KSI

FLaTlve aumioity, \ = Tox

INITIAL STRESS 0.75 fpu = 202.5 K5I
ANITIAL TENSION LOAD = 33.82 KIPS/STRAND

A SEVERE CORROSIVE ENVIRONMENT WAS ASSUMED IN DETERMINING
THE TENSILE STRESS LIMITS AFTER LOSSES [AASHTO LRFD ARTICLE 5.9.4.2.2).

LOAD MODIFIERS FOR DUCTILITY, REDUNDANCY, AND OPERATIONAL IMPORTANCE
WERE TAKEN AS 1.0 (AASHTO LRFD ARTICLE 1.3).

STRAND AREAS WERE NOT TRANSFORMED IN SECTION PROPERTY CALCULATIONS.

MILD REINFORCING BARS WERE NOT CONSIOERED IN DETERMINING THE STRENGTH
OF THE SECTIONS.

ALL DESIGNS MEET THE CRITERIA FOR DEFLECTION GIVEN IN AASHTO LRFD
ARTICLE 2.5.2.6.2 AND THE CRITERIA FOR SPAN-TO-DEPTH RATIOS GIVEN IN
AASHTO LRFD ARTICLE 2.5.2.6.3.

PRESTRESE LOSSES HAVE BEEN mn.,._u;.wmu SN ACCORDANCE WITH AASHTO
LAFD EGUATIONS 5.9.5.0-1, 5.6.5.2.30-1, AND 5.9.5.3-1 (APPROXIMATE
ESTIMATE OF TIME-DEFENDENT [ 0SS5,

CAMBER DATA GIVEN IS THE CALCULATED CAMBER AT TIME OF RELEASE {B-CJ,
CAMBER AT THAE OF ERECTION [1.58-1.85Ci, AND [ ONG TERM CAMBER (2.458-2.4C,
WHERE 8 = CAMBER OUE TO PRESTRESSING AT RELEASE AND C = DEFLECTION
OUE TO WEIGHT OF BEAM INCLUGING DIAPHEAGMS, PROVIDE THE CAMBER AT
RELEASE, CAMBER AT ERECTION, AMG LONG TERM CAMBER [N THE PLANS.

= CALCULATED DEFLECTION AT MIDSPAN DUE TO A 305" THICK ASPHALT
WEARING SURFACE AN TWO (2) BRIDGE RAILS WEIGHING 0.10 KLE PER FAfL.
THE VALUE SHOWN 1S THE MAXIMUM (NI TIAL SUPERIMPOSED DEAD LGAD
DEFLECTION FOR THE APPLICABLE ROADWAY WIOTHS {SEE NOTE B).

ROADWAY WIDTH: THE BEAMS ON THIS SHEET ARE DESIGNED FOR THE
FOLLOWING ROADWAY WIDTHS, MEASURED BETWEEN FACE OF BRIDGE RAILS:

24 FT. £ wipTH £60 FT.
THESE DESIGNS SHALL NOT BE USED FOR ROADWAY WIDTHS LESS THAN 24 FT,

OF GREATER THMAN BO FT. SPECIAL DESIGN IS REQUIRED FOR ROADRAY WIDTHS
LESS THAN 24 FT, OR GREATER THAN 60 FT.

INTERPOLATION: FOR BEAM SPANS NOT SPECIFICALLY LISTED IN THE DESIGN DATA
TABLE, THE DESIGN OATA MAY BE OBTAINED FROM THE TABLE BY USING STRAIGHT
LINE INTERPOLA TION BETWEEN GIVEN VALUES. HOWEVER, THE NUMBER OF STRANODS
USED SHALL ALWAYS BE ROUNDED UF TO THE NEAREST £VEN NUMBER. GO NOT
EXTRAFOLATE BEYOND THE GIVEN DATA.

DESIGN DATA  isee voTE 81
T i A
<o ore| wipsean | wo. oF |FRON 805 0U] ENGTY OF | S48 s [FOLL - ABAIIONT Ba7S CAMBER/DEFLECTION DATA (N1 STIRRUP DATA
80X |ape F 7 Ve i | STRANDS L OF BOX | STRANDS GEBONDED| BOTTOM | LENGTH EACH END [SEE WOTE 52
7 [ 4" [ 67 | 157|276~ WO.|S1ZE| NO. |S1ZE| NO_|SIZE|LENG TH A B ¢ | 8-C [1.88-1.85C|2.458-2.4C] D v [w] x [r] 2
ar-36 20 1%6 & & 2|5 a5 037 | o.07 Bsl 054 0.74 o.02 e | 4| 6 | #| #
25 .56 g 4] 2 2|5 415 0.63 | 0.18 | 0.45 0.80 Ll 0.05
20 6.42 & & 2|5 415 - - - 0.6 | 0.03 | 0.13 0.23 0.32 o.01
25 .42 5 3 zlsf{a]s|-]|- - 033|007 | 0.26 | 0.5 0.6¢ | 0.02
gir-36| 30 5.42 o | zlsfa]s|-]|- - 0.59 | 005 | 0.44 | 0.78 Log | 0.04 |1o.50| 4| & | 2| s
35 5.42 o | 2 sfa]s]|-]- - 0.80 | 0.28 | 0.52 | 0.2 129 | o.07
a0 5.13 u_ ez 2 s|a]s5|-]- - 137 | 0.47 | 0.90 | 160 2.25 | 03
30 8.0 o | | 2 s s -[-1 - 043 | 000 | 0.33 | 059 | 0.8 o002 |
35 8.40 o o 2|5 415 - - - 0.58 | 0.1 | 0.40 0.7 0.99 0.04
821-36 40 8.40 o o 2|5 415 - - - 0.75 | 0.30 | 0.45 0.80 2 G.07 |13.57| 6 | 7.5% | 3| 157
a5 a.40 iz | zls|a]s L3 | 0.47 | 666 | LS 161 | o
50 7.0 & 24 2|5 415 73 | 672 | Lo .78 2.5/ 0.7
40 n3r o 0 2|5 418 0.52 | 0.8 | 0.34 0.60 0.84 0.4
45 iz 4 2 2|5 418 2 1 5-6" 0.78 | 0.28 | 0.50 0.89 24 0.06
50 iz @2 '3 2|5 418 2 1 50" 0.96 | 0.42 | 0.54 0.85 134 0.08 . . -
B2r36| g5 .08 u |22 z|s|a|5|2]|4| 567 | 131 | 063|068 Li® Lo | oz [P BT A
50 10.87 w | e|a 2 2z sfa]s]|-]- 173 | 0.89 | 0.84 | a7 zio | 0.8
55 i0.37 2 |w|o 2 2| s|a]s5|z]|« 240 | 12t | 1s | zos 2.98 | 0.24
50 14.30 FERI | s[5 ]z]+] 0.7 | 0.28 | 6.43 | 0.7 | 107 | 0.08 | |
55 13.73 4 o 4 2|5 415 2 4 0.96 | 0.42 | 0.54 0.85 134 .07
50 .01 RN zlsfa]s|z|« L6 | 0.59 | 6.57 | 106 43| oo
B833-36 65 13.30 6 &8 z2 |5 4|5 2 4 1.47 | 0.80 | 0.67 L7 1.68 o4 | 157 [lo| 67 | 5| k2"
70 i5.41 @ o e 2 2|5 4|5 2 4 L2 | Lo7 | 0.85 148 2.4 0.9
75 13.50 20 2| e 4 2|5 415 2 1 2.45 | 149 | L.05 Le2 2.64 25
80 1303 29 2l 2 9 215 415 2 4 322 | .85 | 137 2.37 3.45 0.33
65 .75 3 g |8 2 2|5 418 2|5 .05 | 0.50 | 0.55 0.97 L3r 0.08
. 0 .75 6 ale 2 2z s|als|z|s 122 | 0.67 | 0.55 | 0.5 1 | o | . .
B38| s 17.75 6 ale 2 z|ls|a]s5|z]|s 140 | 0.88 | 0.52 | 0.89 3z | o | M7 |10)85T| 518
a0 17.75 2w || | 4 2ls|als|z|s] war | e | oo | 1ss | zoz | ous | |
" BARS @ 77 SPA_ V" sPa
(STIRRUP B (STIRRUP BT
STIRRUP. T* @ V* SPA. @ MIDSPAN, STIRRUP. B* @ V" SPA. & MIDSPAN,
APPLIES 0 BIT. 96 SO Bas6. S APPLIES To 738, Tukou Baz e, St (LIS 0 2 5y o sh.
NOTE 2 FOR 8i2-36) ’ NOTE 2 FOR 8i2-36) {STIRRUP T V/z | ISTIRRUP T3
Ng, 4
ADDITIONAL TOP BARS AT ENDS — lbarue STIRRUE T s
OF BEAM (WHERE REQUIRED)
CENTROID OF BOX 7 e . STIRRUE
= N L
S B J— STIRRUP A" 1
CENTROID OF STRANDS ] J
iy
STIRRUP A" & ¥ ..nw_m_)whﬁa%ﬂqut W BARS @ W SPA. | W SPA.

& 5PA. 6 5Pa.
w2 47| a2
B = 10"

THE BOTTOM GF
THE BEAM

NO. 5 FULL-LENGTH
BAR [TYF., 2 BARS AT
BOTTOM, 4 BARS 4T TOP}

TYPICAL STRAND LOCATION & STIRRUP SPACING

STRANDS SHALL BE FLACED AS SHOWN AND SHALL BE DISTRIBUTED SYMMETRICALLY OVER
THE BEAM WIDTH, STRAND PATTERN AND THE DEBONDED LEMGTHS SHALL BE SYMMETRICAL
ABOUT VERTICAL § OF BEAM. DEBONDED STRANDS SHALL BE IN THE BOTTOM LAYER. EXTERIOR
STRANDS SHALL B FULL Y BONDED. LENGTH OF STRANDS TQ BE DEBONDED IS MEASURED FROM

OF THE SPAN, [F NEEDED. FOUR TOP REINFORCING BARS (45, FULL LENGTH OF BEAMI SHALL BE
LOCATED AT THE STIRRUP CORNERS AS SHOWN. A LAP GF 1°-8° FOR TOP BARS SHOULD BE PROVIDED
WITHIN THE MIOOLE HALF OF THE SPAN, IF NEEGEQ. AODITIONAL TOP REINFORCING BARS AT

ENOS OF BEAM, WHERE REQUIRED, SHALL BE PLACED SYMMETRICALLY OVER THE BEAM WIOTH
AND'SHALL BE PLACED MIOWAY BETWEEN FULL LENGTH BARS.

(STIRRUF A7 (STIRRUF A7

PARTIAL ELEVATION AT BEAM ENO

(APPLIES TO BI7-36 THROUGH B42-36)
(SEE NOTE 2 FOR 8I2-361

NOTES:
I Ak - LENGTH MEASURED FROM ENDS OF BEAM

2. * - FOR BI2-36, PROVIDE A STRAIGHT #4 BAR AT
THE TOP OF THE BEAM AT EACH LOCATION WHERE
STIRRUP “A~ 15 PROVIDED.

3. FOR BI7-36 THROUGH B42-36, STIRRUP “A* AND
STIRRUP "B* SHALL BE PLACED AT THE SAME LOCATION
AT MIDSPAN.

4. FOR BI7-36 THROUGH 242-36, STIRRUP T SHALL BE
PLACED HALF-WAY BETWEEN STIRRUPS 7 AT MIDSPAN,

OFFICE OF
STRUCTURAL ENGIMEERING
ORI GI WAL DESIGN PREPARED

TaTen seiaeT

BURGESS 8 NIPLE,

STATE OF QM1 O DEPARTMENT OF TRANSPORTATION

a5 T

s
ra8

T een
JHL

PSBOD

TES AT
BES

Taaw

AdA

RV ST

EECT
PRESTRESSED CONCRETE NON-COMPOS!TE

BOX BEAMS [ 367 WiDE)

ADJACENT

STRAIGHT STRANDS

Wi TH

n

[~

n

28



1)
2)
3)
4)
5)
6)

7)

1)

2)
3)
4)

The University of Toledo

@ Carlson Pedestrian Bridge Project
Department of Civil Engineering

COLLEGE or ENGINEERING

THE UNIVERSITY OF TOLEDO

Summary of Meeting with River Corridor

The meeting with the River Corridor Committee was on Friday, April 29, 2011 at 8am. During
this meeting Jon Lidgard and Erin Davis presented the findings of the report to the River
Corridor Committee. Once the presentation was completed thirty minutes of questions were
asked. These questions varied from the material chosen to how it would be installed.

Cost Estimate for Classical Bridge

Parapets- Randy Wilson of Select Thin Brick LLC

Architectural Polymer Panels with steel stud backing for support, approx. $850.00 to $900.00 per
linear foot of pedestrian wall assembly.

This price is for 2 — 2” thick panels with 4” metal stud backup. Panels are to be installed back
to back with a polymer concrete cap.

Total wall assembly will weigh approx. 50 to 60 pounds per linear foot.

FOB Toledo, OH.

This price excludes the installation portion of the project. We predict the installation portion
will be approx. $1,000 per piece.

This price includes 1 custom panel form of 15’ length and one form change to make the 10’
long pieces.

This price includes one custom wall cap form 7°-6” in length with one form change to
accommodate the design.

We reserve the right to modify the price based on final construction drawings.

The above price gives you some flexibility in design. We rarely break out alternative features
such as white/grey cement, architectural features, etc. The goal is to give you a price range of the
material and help you understand the material. In order to gain the most value from any material,
the designer should learn about the material properties, understand the manufacturing process,
and design the project using these understandings. Most often once you have visited the mfg
plant, you will be inspired to improve the design elements, both architecturally and structurally.

Traditional Precast Concrete Panels, approx. $550.00 to $600.00 per linear foot of pedestrian
wall assembly.

This price includes 2 — 6” thick concrete panels installed back to back with a precast concrete
cap piece.

Total wall assembly will weigh approx. 500 pounds per linear foot.

FOB Toledo, OH.

This price excludes the installation portion of the project. We predict the installation portion
will be approx. $2,000 per piece.

a. The weight of the panels may require a very large crane to reach the center of the
bridge.
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b. This larger crane may increase this installation price considerably.
This price includes 1 custom panel form of 15’ length and one form change to make the 10’
long pieces.
This price includes one custom wall cap form 7°-6” in length with one form change to
accommodate the design.
We reserve the right to modify the price based on final construction drawings.

The pros and cons are as follows:

Polymer concrete is impervious to water, salts and the environment. It is less than 1% water
absorption. Precast concrete is susceptible to erosion due to salts and weather. You will need to
use all stainless steel connections for either option. The lighter weight polymer concrete will
require fewer and less substantial connections.

Polymer concrete is more expensive but will require less maintenance (cost savings). The
university can clean with a power wash yearly and it does not require any waterproofing. By
contrast, precast concrete as a pedestrian bridge, is recommended to be water proofed yearly due
to high traffic and salts.

Polymer concrete can give you more details than traditional precast.

Polymer concrete’s light weight will reduce the structure (cost savings), reduce the number of
stainless steel connections in the structure (cost savings) and will require smaller pieces of
equipment to install/deconstruct the material (cost savings).

Most materials that claim to be environmentally friendly do not discuss
deconstruction/disposal requirement. We focus more on renewable material choices, recycled
content and biodegradable products. Polymer concrete is a forever material. We must give more
credence to materials that can be produced once and are either maintenance free or can be
deconstructed for other uses. In your case, these polymer concrete panels can be deconstructed
and used for other projects (fences, screen walls, etc.)

Girders- Ed O’Connell UPI Pre-stress

Beams delivered at $90,000.00 Lump Sum.

Erections at $27,500.00 please note this will be very dependent on a contractor having access to
both sides of the structure for crane service. If a single crane pick is mandated by site
conditions there will be additional cost to erect depending on where the crane can be set up.
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Asphalt- John Streicher Atlas Paving LLC

ATLAS UOTE 11103-000
Q

Atlas Paving LLC

DATE: APRIL 15, 2011

2955 Gradwohl Rd., Toledo, OH 43617 expiration date MAY 30, 2011
Phone 419-841-5814 Fax 419-843-3152

john.streicher@atlaspaving.com

TO  University of Toledo

2801 W. Bancroft Toledo, Ohio 43606
Contact Name: Erin Davis
Phone Number: 513-675-0869

SALESPERSON JOB PAYMENT TERMS DUE DATE

2” asphalt overlay

pedestrian bridge Due on receipt

John Streicher

QTY DESCRIPTION UNIT PRICE LINE TOTAL
Sweep existing surface, apply tack coat and
2000 SF 4200.00 4200.000
pave with 2” of 448 Type 1 asphalt. ’ °
SUBTOTAL
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Cost estimate for Steel Bridge

It appears that your looking at an fabricated & erected cost of about $450,000 for the steel frame,
cables and deck. No handrail, footings, foundation or other related work is included. I've assumed a
grating deck for pedestrian traffic.

We have also assumed that the worksite is open & clear and accessible. Laydown area must also be
available at site.

We never received 3D model or any other construction info beyond original email.
Hope this is helpful.

Ted Hazledine
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Cost estimate for glass deck

DEUBAK T—
Comnpany a
Address: A

— — A
C.IFEMEI GLASS & EXTRUSIONS « SPECIALTY FLAT GLASS & LANINATES Arm: MICAH SHUMWAY

520 Chesinut Streel » Elarsville, PA 15717 Email: MICAH SHUMWAYmROCKETS UTOLEDC EDU

US: 800-B00-2977 ar B00-336-0562 Phone: a

Phone: 724-458-9540 Fax: (413) 351-1565

Fa: 724-459-0800 TobMame | GLASS FLOOR PANELS
Cote = F11-550
Dhivision: FA
Estimator. Brizn Romaszco

Flat Glass Price Quote
We are pleased to guote the following:

Type Drescriptien Oty | Tomlsgf | Price'sqfi | Todal Price 175 Dollars

12" C1EAR TEMPERED WITH ANTI-3ETD CERAMIC FEIT (FAINT) SILESCREENED 330 1,320.00 §51.50 68.100.04
PATTERN =] SURFACE + 040 CLEAR PVE + 12" CLEAR. ANMNEALED + 030 CLEAR
IVE + 12" CLEAR ANNEALED + 030 CLEAR FVE + 12" CLEAR ANNEATED

Boxingz - Qty of 18 $2.700.00
Energy Surcharze @ 3.75% DICLUDED)
Paint Senp Fee - Qty of 5 $1.250.00
Scresn Charge - Oty of 2 $4.000.00
Freight F.0.B. Blairsville BA NOT DNCLUDED
Total $T6.050.04

Approwimeate [ead Time:
Terms: Met 30 days. Subject to review & approval of Credit Deparment.

Tlotes:
Delivered on Dlubak Truck when Available
=+ SEAMED EDNGES **

Crealifications:

*Lead fime based on current work load, this may vary at ome of order

*Please call to discuss scheduling requitements

* A1 boxing based on 2500 Ib bomes, unless otherwizse specified by customer

*Cuotation valid for 60 days. Upon receipt of LOI, materis] on this quode nmst be ordered & supplied within (%) moaths of this quotation date.
*Cmotarion based on size:, quantifies, material makeup, or specifications as submuitted by the customer. Any deviation will result in revised prices
*All prices subject 1o fufure increases by primary manufachirers

*Tnless otherwise noted, Chaotation is bazsed on a three square finot minimnm wsing block sizes ronnded up 1o the next even integer

* Az in all frit applications, imperfiections up to 14 ffom any given edge are 3 possibility and are not considered @ reason for rejection

*Hole size: & location mmst be verified & approved by Dlobak Corporation

*Energy surcharges will be evahiated on 2 quarterly basis.

*Energy surcharges do not apply to 2ll Pelycarbooate makeups or boxing charges.

*Beplacement orders will be based on low volume pricing, phis bosong & freight  If set ups are required for processing, these will also be addad.
~All warranties commence at date of manufacture. Materials with coatings shall be warranted as provided by the
supplier of such materials.

*See attached sheets for additions] terms & conditions
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= CORPORATION &

520 Chesinut Street + Blairsville, PA 15717
US: B00-800-297T or 800-336-0562

Phone: 724-458-9540

Fax: 724-450-0866

I~

©

11.

12.

13.
14.

15.
16.

17.

18.

19.

20.

CURVED GLASS & EXTRUSIONS + SPECIALTY FLAT GLASS & LAMINATES
Terms and Conditions

All gquotes are valid for 60 days from the date of issue and are subject to revision after that date.
Surcharges levied on Dlubak Corp. by suppliers or freight carriers will be added to the quote as a separate
line item. These charges typically change on a quarterly basis; the current surcharge in place at time of
invedce will apply.

Cuotations are based on sizes, quantities. and specifications as submitted by the customer and included in
onr document. Any deviations such as glass type, thickness or size ete. will result in a revised gotation.
Estimated lead-fimes are based on factory workloads at the time of gquetation. Actual conditions at the time
of order may differ from those gquoted. Dlubak Corp. will not be liable for loss or damage to any party for
deliveries ontside of those quoted or requested on Purchase order documents.

Flat glass quotations are based on a square foot basis unless otherwise noted on the document. The price
will be calenlated and inveiced at the next even inch. Bent Glass and Metal quotes will be based on the
number of items and their make-up listed on the quotaticn document.

Dlubak Corp. cannot be responsible for taking infermation off of blue prints or other documents provided
by our clients. We will, from time to time as a convenience, offer a non-binding budget price based on
these types of documents. However it 15 the responsibility of the customer to supply final specifications
and a complete take-off for a firm quotation.

All flat glass quotations are based on a 3 square foot minimum vnless otherwise noted.

Crating estimates will be based on 2300-pound (more or less) boxes unless otherwise specified.

The customer must determine product compliance to all applicable building codes.

. The customer mmst deternune the suitability of the product for the intended uwse. Dlubak Corp. does not

warrant its products for merchantability or fitness of use.

Dlubak Corp. glass products will comply with one or more of the following specifications; ASTM-C1036
(Flat glass), C-1048 (Heated Treated glass), C-1172 (Lanunated glass), C-1349 (Glass Clad
Polycarbonate) C-1464 (Bent glass). C-1376-03 (Pyrolytic and Vacoum coated glass) and C-1422
{Chemically Strengthened glass). In the absence of an appropriate standard specification, Dlubak Corp.
will be the final arbiter as to the acceptability of the product.

A maximum of (2) two samples shall be provided upon request. Diubak recommends a full size mock-up
when the makeup is gquestionable.

Dlubak Corp. does not recommend the use of spandrel glass when backlighting is present.

Dlubak Corp. will provide a limited warranty of its products upon request. Diubak Corporation's liability
for non-conformance to a costomers purchase order 15 lhimited to supplying a replacement product or
refunding the value of the replacement piece. Dlubak Corp. expressly disclaims any implied warranty of
fitness or merchantability of any of its products for any particular use. Under no circumstance will Diubak
Corporation be liable for any remedial action beyond that which is stated in the limited warranty
document. Diubak Corporation will not be liable for incidental or consequential damages. Warranties
apply to 50 sq.ft. of produoct or less,

Glass breakage including spontaneons breakage of tempered glass is not warranted.

Dlubak Corp. ships its finished products via common catrier fob point of origin, valess otherwise
arranged. Dlubak Cerp. strongly suggests that the contents of the packages, racks or crates be mspected
immediately upon receipt and in the event of damage. mark the bill of lading accordingly and file a claim
with the carrier within (3) five working days to minimize the risk of rejection.

Dlubak Corp. incorporates a variety of compatible components from reputable sources. Dlubak will not be
held respensible for non-compatibility with other glazing materials.

Dlubak Corporation's Accovating Department will be responsible to develop acceptable terms of payment.
At times, such as with bent glass orders and specialty flat orders. deposits may be required.

[nveicing for pattern cuts will be based on block sizes. Invoicing for pelished edges will be rounded to the
next higher even inch.

Replacement orders will be based on low volume pricing, plus boxing and freight.

072810
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Cost estimate for steel structural support under glass deck

ALRO STEEL CORPORAT

ION QUOTATION

m 3003 AIRPORT HIGHWAY
TOLEDO, OHIO 43609 419 720-5300 ALRO QUOTE: 045987994
v DUNS: 15-764-2773 DATE: 4/25/11
CUST ORD:
CUST REL:
PAGE 1
ATTN : MICAH SHUMWAY SHIP TO: UNIVERSITY OF TOLEDO FROM: TAMMY LINNEBUR
ACCT# : 50010572 DEPT OF PHYSICS & ASTRO LOCATION: TOLEDO
COMPANY : University of Toledo FAX#: 619-720-5301
ADDRESS : Dept of Physics & Astro TOLEDO, OH 43606
Toledo, OH 43606
419 530-2623 FOB: YOUR_PLANT WWW.ALRD.COM HAS A FRESH NEW LOOK!
SHIP VIA: T2 TRUCK
LINE ORD QTY UNIT PART# ITEM DESCRIPTION WEIGHT PRICE EXT.PRICE DELIVERY DATE
1 90.00 PC 05100199 4" 13% A992/A57250 WF BEAM 118.4000 PC 10656.00 2011/04/27
8 FT
4.160 X 4.060 .28B0 WEB
Cut Tolerance: +1/8 / -0
SPLIT TO 180 PCS. 2"26.5% TEES
TOTAL LIMES: 1 QTy: 90.00 WEIGHT: FUEL SURCHARGE: 9.95 TAX: TOTAL PRICE: 10665.95
PO# SIGNED FAX QUOTE ACCEPTANCE TOD: 419-720-5301
DUE DATE DATE

# POUNDS SHOWNM ARE BASED ON MATERIAL REQUIRED TO PRODUCE AND FILL
YOUR ORDER AND ARE BASED ON CALCULATED WEICHTS WITHIN NORMAL
MILL TOLERAMNCES AND MAY VARY FROM ACTUAL WEIGHT SHIPPED.

THE ABOVE QUOTE IS FOR YOUR INTERNAL USE ONLY AND SHOULD

NOT BE SHARED WITH ANY THIRD PARTY IN ANY FORM.

AVATLABILITY SUBJECT TO PRIOR SALE(S).

ALL AMOUNTS ARE STATED IN U.S.DOLLARS & MUST

*

PRICES QUOTED WIL

w o

ALL OTHER ORDERS
TIME OF DELIVERY.

%

BE PAID IN U.S.DOLLARS.

L BE HOMORED IF ORDERED AND SHIPPED

WITHIN 48 HOURS OF THIS QUOTE.
PRICES ARE PREDICATED ON RECEIVINC THE TOTAL ORDER.

WILL BE PRICED AT PRICING LEVELS AT

PRICES INCLUDE RAW MATERIAL SURCHARGES WHERE APPLICABLE
ALRO'S STANDARD PAYMENT TERMS ARE 1/2x% 10 DAYS, NET 30 DAYS.
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Steel Bridge Connection Drawings

Connection #1
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Connection #2
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Connection #£3
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Connection #4
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Connection #5
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