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Abstract 

The purpose of this report is to investigate, design, and ultimately assess the different potential 
methods for connecting the Wasson Way bike trail to the Valley Trail located in Ault Park. A 
total of four different connection options were explored throughout the course of this report and 
are identified as: a minimalistic design approach utilizing existing roads as a means of 
connection Wasson Way to Ault Park, a design incorporating a staircase with bicycle troughs, a 
vertical spiral trail connector similar to those used in parking garages, and finally a graded trail 
connector from Wasson Way to Valley Trail. Information was gathered from various case 
studies, as well as AASHTO bike trail specifications, contour maps of the design areas, and cost-
estimate analyses. Analysis of this information was used to determine the most practical and 
cost-effective means for connecting Wasson Way to the Valley Trail. Also included in the search 
for the most efficient design approach were the weighing of each options’ advantages and 
disadvantages.  
 
The results of these investigations determined that the graded trail connector option was the most 
practical design approach based on its cost-estimate analysis and its compliance with both 
AASHTO regulations and the Americans with Disabilities Act (ADA). The minimalistic design 
approach raised too many issues with respect to the safety of the trail users. The staircase with 
bicycle trough design option was unable to comply with the Americans with Disabilities Act and 
finally, it was determined that the spiral trail connector option would be too difficult to construct 
in the heavily wooded Ault Park without disrupting the scenic environment.  
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Introduction 

One of the main reasons for joining Wasson Way to Ault Park is to connect the bike path aspect 
of Wasson Way to the existing bike trails located within Ault Park. Joining these bike paths 
together would add more distance to the trail and give trail users more options on where to go. It 
would also take great advantage of all of the natural scenery within the park. A trail connector 
would create a more pedestrian and bicycle-friendly way of accessing Ault Park, as opposed to 
driving to the park or using streets and sidewalks. Ault Park also serves as a vessel for 
connecting the Mt. Lookout neighborhood of Cincinnati to the Wasson Way bike trail. 
 
The main problem faced with joining Wasson Way to Ault Park is the fact that there are no 
existing trail connectors between the two areas. This issue is most likely due to Wasson Way’s 
current status as an unused railroad, but even if Wasson Way is established as a bike trail and 
light rail line, the lack of connections to Ault Park will still be present. One of the primary 
challenges that presents itself in creating a trail connector from Wasson Way to the Valley Trail 
located in Ault Park is the significant elevation drop between the two paths. Wasson Way passes 
over Ault Park in the northeast corner of the park in the form of a railroad bridge. This bridge, 
termed the Ault Park Overlook, connects the rail road to two different hills in the park. Other 
issues that arise in creating a trail connector include abiding by AASHTO specifications for bike 
paths and acquiring the necessary land for constructing this connector from the City of 
Cincinnati. There is also a small ephemeral creek that runs parallel to Valley Trail in Ault Park 
that would require crossing.  
 
Four potential trail connector designs were developed and examined over the course of this 
study. These design options include: a minimalistic design approach which redirects Wasson 
Way trail users to Ault Park using signage and existing roads and sidewalks, a staircase design 
that includes two bicycle troughs for cyclists to push up or down the stairs, a vertical spiral trail 
connector, and finally a graded trail connector. All four design options will be explained in 
greater detail and analyzed throughout this report. Advantages and disadvantages will be 
weighed for each option in order to determine the most practical and ultimately develop a final 
design. 
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Background 
The design standards for the graded trail connection that was fully designed were taken from 
AASHTO recommendations. Currently, the City of Cincinnati has not adopted these guidelines 
as standard as most of these standards are still being developed. The book published by 
AASHTO that is used by the City of Cincinnati includes all the recommendations that most 
organizations agree on, and leaves out standards that are still considered controversial. The 
horizontal and vertical alignments and typical sections all fall into what the City of Cincinnati 
bike program considers acceptable. The program used to create the design plans is AutoCAD 
Civil 3D and is discussed in more detail later in this report. AutoCAD Civil 3D is currently the 
only program being used for corridor design for the Cincinnati Department of Transportation. 
 
There were also two significant case studies that were instrumental in completing this report. 
Those two case studies are Project Groundwork restoration report and the master’s thesis 
entitled, “Pedestrians/Bicycle Overcrossings: Lessons Learned”. The Project Groundwork report 
was referenced when determining the hydrological information concerning the creek located in 
Ault Park and the design of the planned culvert. “Pedestrians/Bicycle Overcrossings: Lessons 
Learned”, was referenced when coming up with the design strategies for both the staircase and 
bike trough option and the spiral trail connector option. This report was also used to help identify 
the weaknesses and strengths of each design option. Both reports are cited in the References 
section of this report.  
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Minimalistic Design Option 
This connection strategy would involve using signs to direct Wasson Way trail users to Ault Park 
by guiding them along the existing streets and sidewalks in the Mt. Lookout neighborhood.  

Overview 

There are two possible ways to redirect Wasson Way trail users to Ault Park. The first route 
leads to a flight of stairs that then in turn leads to the park and could be intended for pedestrians, 
while the second route, which is longer and continues to follow streets the whole time, could be 
intended for bicyclists. A map displaying the two proposed routes to redirect the Wasson Way 
trail users to Ault Park are shown below, Figure 1 is intended for pedestrians and Figure 2 for 
bicyclists.  
 
The first proposed route intended primarily for pedestrians would begin by first having trail users 
break off of Wasson Way at the intersection of the trail itself and Erie Ave. From here trail users 
would continue to follow Erie Ave in the south and west directions until reaching Brentwood 
Ave and again turning south. Trail users would continue south on Brentwood Ave for two blocks 
until they finally reach the staircase leading into Ault Park. This route would have a length of 
approximately 1,900 ft. 
 

 
Figure 1: Pedestrian-Friendly route connecting Wasson Way to Ault Park (CAGIS) 
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The route that would be able to accommodate bicyclists all the way from Wasson Way to Ault 
Park would be over twice the length of the pedestrian-friendly route leading to the staircase, 
however, it would begin the same way: bicyclists would break off of Wasson Way at Erie Ave 
and continue to head south and west until turning south onto Brentwood Ave. From here, things 
begin to differ from the pedestrian friendly option. Bicyclists would head south on Brentwood 
Ave for only one block and then turn west onto Pape Ave. From there, bicyclists would continue 
west on Pape Ave for two blocks until it ended and then turn to head south on Herschel View 
Street. Bicyclists would continue south on Herschel View Street for about 800 ft. and then turn 
east onto Observatory Ave. Observatory Ave leads right into Ault Park and bicyclists would 
need to travel an additional 1,200 ft. to reach the point where the staircase from the pedestrian-
friendly route leads to. Overall, this bicycle-friendly route leading from Wasson Way to Ault 
Park would have a length of approximately 4,500 ft. It should also be noted that both the 
pedestrian and bicycle-friendly redirection routes would need to travel another 1,700 ft. along 
Observatory Ave in order to reach the beginning of the Valley Trail located in Ault Park. 
 

 
Figure 2: Bicycle-Friendly route connecting Wasson Way to Ault Park (CAGIS) 
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Advantages & Disadvantages 

The obvious advantage of the minimalistic design approach is that the only significant design 
components include determining which way the flow of Wasson Way trail users will be 
redirected onto the streets of the Mt. Lookout neighborhood. Guiding the trail users along the 
existing streets would require no significant construction endeavors and therefore the only costs 
in choosing this method would arise from the cost of signs needed to direct the trail users on how 
to get to Ault Park from Wasson Way and vice versa. This design option is capable of 
accommodating both pedestrians and bicyclists and provides a way for residents of the Mt. 
Lookout neighborhood to easily access either Wasson Way or Ault Park (Renfro). 
 
Although this design approach would save the most money in connecting Wasson Way to Ault 
Park, drawbacks would still arise with relying on the existing streets and sidewalks and 
implementing no significant design. One such drawback would be the potential safety issues that 
may present themselves by forcing the Wasson Way trail users to use city streets as opposed to 
designated, AASHTO approved bike paths. Forcing bicyclists to share the same roads as motor 
vehicles could possibly lead to accidents that may shine a bad light on the Wasson Way project. 
Another issue with this design strategy could be the potential complaints that would arise by 
redirecting trail users through largely residential neighborhoods. Local residents may not 
approve of the sudden increase in bicycle traffic and the trail users may disrupt the calmness that 
the residents desired when they chose to purchase houses in that neighborhood (Renfro). 

Staircase with Bike Troughs Option 
This option connects Wasson Way to Ault Park by means of a staircase that would be built from 
the Ault Park overlook down to a portion of Valley Trail.   

Overview 

The staircase would allow easier access to Ault Park from other areas that before might take as 
long a twenty to thirty minutes to reach.  Residents of neighborhoods just north of the Ault Park 
overlook would be able to reach Valley Trail in less than ten minutes by foot.  The importance of 
connection at this point is quite obvious.  The placement of the staircase would be on the West 
side of the Ault Park overlook bridge.  This decision was made based on the contour map 
provided by CAGIS.  Both sides of the bridge are steep enough that the staircase dimensions 
would not change and the same amount supports would be needed for each side.  It is a steeper 
slope on the West side of the bridge, therefore, there would more likely be less trees to clear out 
that would be in the way of the design.  Also, thought was given to which side of the Valley Trail 
to make the connection on.  Since there is a creek that runs parallel to the Valley Trail on the 
South side, the connection was to be built on the north side to avoid the creek system completely.  
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Figure 3, below, shows the placement of the staircase, along with some key dimension factors 
that are explained below the figure. 
 

 
Figure 3: Horizontal Alignment of Staircase with Bike Tough Option (CAGIS) 

 
The staircase would have a vertical rise of 40 feet and a horizontal run of just less than 90 feet.  
Since the horizontal run was a bit longer than ideal staircase dimensions, the steps needed to be 
made longer than usual but would still be easy to climb and descend.  The dimensions of each 
step are: Rise 7.75” and Run 17.25”.  There are a total of 62 steps in the staircase.  Below, in 
Figure 4 is a head-on view of the staircase and it’s dimensions.  There are two 6ft lanes of steps 
separated in the middle by a double-railed aluminum handrail.  Also, on each outside end of the 
staircase is a bike trough that makes it easy to take a bike up and down the staircase.  The trough 
is inclined at a 10degree angle in order to make the bike easier to move for the rider.  The 
dimensions were based off of a case study done on a similar staircase built in Seattle WA 
(Fucoloro). 
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Figure 4: Head-on view of Staircase with Bike Trough (AutoCAD) 

 

The option of the staircase proved to be the least expensive, besides the minimal design option.  
A rough price estimate for the staircase was done.  Below are the cost estimates broken down as 
rough estimates.  The total cost for the staircase connection option is $35,000. 
 

Staircase:           
Section: Option:     Price: 
Staircase: Concrete: Volume: 160 cy $26,500 
Railing: Pipe: Length: 100 ft $4,000 
  Wood: Length: 100 ft $2,000 
  

  
Labor Costs: x5% $1,500  

  
  

Design Costs: x10% $3,000  
                   TOTAL: $35,000 

 
Table 1: Cost Analysis for Staircase with Bike Trough Option (Microsoft Excel) 
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Advantages & Disadvantages 

Advantages to the staircase option are that the connection can be constructed in a small space, 
not taking up a large area of Ault Park.  Bike troughs provide an innovative means of 
transporting a bike from one elevation to another and may be visually appealing to a rider or 
walker’s eye.  Lastly, the cost was the lowest of the three connections that involved any type of 
construction (Renfro). 
 
Disadvantages of the staircase are that it does not comply with the Americans with Disabilities 
Act.  Obviously wheelchairs would not be able to go up and down the staircase.  It is this 
disadvantage that was the main reason that this option was not chosen as the best option for the 
connection.  Another disadvantage is that the staircase would disrupt a rider’s experience by 
forcing them to dismount their bike and take it up the stairs.  This could be very unappealing to 
avid riders (Renfro). 
 

Spiral Trail Connector Option 
This option uses a spiral incline that would connect Wasson Way to Ault Park.  It would be built 
in the same place as the staircase, West side of the Wasson Way Ault Park overlook bridge, and 
the north side of Valley Trail.  The idea of this design is based off of a similar, yet smaller design 
that was done in Portland OR (Cyclotram). 

Overview 

A spiral incline would provide an easy way for people to get from the Wasson Way Trail to the 
Valley Trail.  The positioning of the spiral can be seen in Figure 5, below.  The reasoning for the 
placement of this connection is the same as the staircase option and can be found in greater detail 
in the “Staircase with Bike Troughs Option” under the “Overview” section. 
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Figure 5: Horizontal Alignment of Spiral Trail Connector Option (CAGIS) 

 

The spiral would cover an elevation difference of 40ft.  There would be 4 total levels within the 
loop.  Calculations for this were based on the standards found that required an 8ft minimum of 
overhead clearance between each level.  The incline had to meet the standards of a 1:20 ratio of 
rise over run.  With 40ft in rise the linear run of the ramp had to be a minimum of 800ft.  For the 
design of this spiral ramp 800ft was used for the linear distance of the centerline of the two lanes.  
Using this as a reference, the total diameter of the spiral is 76ft.  The lanes are designed to be two 
6ft lanes divided by a yellow centerline.  Below in Figure 6 is a side-view of the spiral and its 
dimensions.  In this view the sidewalls are designed as 2ft of concrete with 3ft of railing on top 
of that.  These designs were roughly done in order to approximate a price to compare this option 
to the other options.  Various wall options are available as found in a case study from Portland 
OR. (Cyclotram).  The walls could be made completely of concrete, all railing, or a mixture of 
the two. 
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Figure 6: Side view Spiral Trail Connector (AutoCAD) 

 

This option proved to be the most expensive of the four options.  The mass amount of concrete 
used for the design was the main factor for this.  Other options were considered such as 
constructing the spiral out of wood, but based on case studies it seemed unsafe.  The spirals 
found made of wood were only for mountain biking and all had high degree turning designs, 
which would be a cause for concern with younger kids using the spiral.  Below is a summary of 
the rough estimate costs for the spiral connection.  The total cost is estimated to be $222,000, 
which proved to be the highest of the options. 
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Spiral:           
Section: Option:       Price: 
Base: Concrete: Volume: 390 cy   $64,350 
Walls: 4' Concrete: Length: 1,600 lf   $11,550 
  4' Pipe: Length: 1,600 lf   $64,000 
  4' Wood: Length: 1,600 lf   $32,000 
Support: Concrete: Volume: 65 cy   $10,725 
Tree Removal:         $3,000 
  

  
Labor Costs: x5% $12,131 

  
  

Design Costs: x10% $24,262  
      
                   TOTAL: $222,018 

 

Table 2: Cost Analysis for Spiral Trail Connector Option (Microsoft Excel) 

Advantages & Disadvantages 

Advantages to the spiral incline connection are that it can be built in a relatively small area and 
not take up a lot of park space.  Even though the bikers would be traveling an extra 800ft, they 
would perceive the distance as much shorter because of the spiral being in one central place.  
This perception was based on blogs found comparing spirals to other trail types (Renfro). 
 
Disadvantage to this option are that when traveling up or down the spiral there is a limited site 
distance caused by the walls and incline of the curve.  This is a cause for concern for potential 
accidents of head-on collisions.  The other disadvantage is the cost.  The high cost is due to the 
large amount of concrete needed to construct a design like this (Renfro). 
 

Graded Trail Connector Option 
The option of using a graded trail connector stood out as an obvious best choice from the 
beginning, due to its simplicity and ability to satisfy all the needs of the riders. The previous two 
options, using a staircase and using a spiral trail connector also tended to have too many negative 
issues. These issues would likely translate into a prolonged planning phase spent trying to 
convince members on the public and government to accept the plans. The option of creating a 
graded trail connector corridor was chosen as the final design option. Once the decision was 
made based off rough cost estimates and consideration of the social, economic and political 
impacts, a full design was made for this option. 
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The final design was created using AutoCAD Civil 3D 2014. Civil 3D is an add-on to the 
original Autodesk AutoCAD software that is specifically designed for corridor modeling. The 
software allows for interactive corridor modeling, assembly creation, grading, as well as 
anything else one would need to design a roadway. Currently, this program is the only program 
being used for City of Cincinnati funded design of roadways in the Department of 
Transportation. 
 
The first thing to do was to decide what the typical section was going to look like. The typical 
section of the corridor describes factors such as cross slope, grading at the edge of pavement, and 
the overall pavement design. To produce this typical section, the typical section of other bike 
paths in Cincinnati was used. Our particular option was borrowed from the Ohio River Trail 
project that is currently in the design phase. It was found that this project had similar goals and 
geographical location as well as demographic of users. The typical section final design is shown 
below in Figure 7. 
 

                             
Figure 7: Typical Section for Graded Trail Connector (AutoCAD) 

 
As you can see, the typical section chosen has a 2.00% cross slope that runs concurrent with the 
slope of the existing ground. This grade meets the AASHTO recommendation as well as the 
requirement from the Americans with Disabilities Act. The grade will provide adequate slope for 
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water to run off down the hill as it did before construction. A ditch on the uphill side was also 
considered, but ultimately not used for our design. From the edge of pavement, AASHTO 
recommends a maximum daylight grade of 6:1 for the first two feet from the edge of pavement. 
AASHTO does not have a recommendation for beyond that, so a slope of 3:1 should be 
considered based on typical cut and fill requirements set forth for sidewalks at the edge of a 
roadway. 
 
 The two foot right of way requirement for land purchasing and maintenance purposes is also 
shown in the typical section. The overall width of the pavement was chosen to stay a consistent 
10 feet throughout the corridor. AASHTO allows for a minimum of 8 feet for a mixed use path 
such as this, but limited sight distance was considered. The reason for two separate typical 
sections is due to the cutback nature of the horizontal alignment. For the initial 375 feet as 
indicated, the trail faces downhill to the left, then afterwards faces downhill to the right side. 
Putting a transitional section in between these for reference purposed where the grade is flat for a 
single point could be considered for further clarification of the exact point of transition. 
 
The pavement design includes a 2” asphalt concrete surface course, followed by a tack coat, 
followed by a 4” asphalt concrete intermediate course, followed by 6” of aggregate base. One 
foot of subgrade compaction was recommended. Typically, AASHTO would recommend that 
only 6’ of subgrade compaction would be needed for a trail intended for pedestrian traffic. The 
reason an extra 6” was prescribed is due to the existing slope of the hillside that this trail is being 
cut into, as well as a consideration for emergency vehicular traffic that could potentially need to 
use the path. This extra 6” will make the trail hold up for many more years for a small cost (less 
than $6,000 additional costs). 
 
The next thing to do was plan out a rough horizontal alignment along the given contour data in 
order to get an idea of where the least grade requirements would be needed. This plan was then 
fine tuned into the final horizontal alignment. The horizontal alignment was created as shown 
above using the minimum amount of line segments connected by radii of an allowable figure. 
The minimum radius of 50 feet was used based on AASHTO guidelines for a bike path with an 
intended design speed of 16 miles per hour.  No points of horizontal inflection were used in this 
design because it was able to be produced without the need for them. This creates a more 
enjoyable ride with gradual turns and plenty of sight distance. Since the path will likely have 
large trees within a few feet of either side, gaining as much sight distance as possible was of 
crucial importance. See the final horizontal alignment as presented below in Figure 8. 
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Figure 8: Horizontal Alignment for Graded Trail Connector Option (AutoCAD) 

 

As you can see above, the proposed Wasson Way Trail through Ault Park travels from the top 
left of the figure to the bottom right. This is the main corridor being considered for the senior 
capstone projects for the Civil Engineering class of 2014 at the University of Cincinnati. The 
yellow dotted line indicates the bridge that goes over top of the existing Valley Trail that 
connects to the various other trails within Ault Park. The bridge is nearly 40 feet tall, which was 
the root of the issue being solved. 
 
The horizontal alignment starts at the indicated station 0+00 and ends at the station 9+95.19, 
indicating that the length of the corridor is 995.19 feet long. The points of curvature are labeled 
as PC and the point of tangency (PT) are labeled to indicate the end of the curve. The length of 
the curve was then calculated from these figures in order to confirm that they fit into AASHTO 
recommendations. The radii of each curve is also labeled to make the construction process easier. 
 
The next step of the process was to create a vertical profile for the existing and proposed 
alignment. The existing surface profile (as indicated in red below) was plotted using the 
stationing provided from the horizontal alignment. The contour lines provided from CAGIS gave 
points along the alignment to show how the elevation changed along the way. The areas in 
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between the contour lines had to be interpolated due to lack of additional surface data. When the 
final design is made for this corridor, a survey crew must plot the area in order to get exact 
elevations and to better determine cut and fill calculations. An example of part of the vertical 
profile is shown below in Figure 9. 
 
 

 
Figure 9: Vertical Profile of Graded Trail Connector (AutoCAD) 

 
The stationing pertaining to the horizontal alignment stationing is shown at the bottom of the 
plot, while the elevations are shown along the side. The proposed vertical profile is black and 
labeled as such. It should be mentioned that the elevations provided are along the centerline of 
the alignment. The goal when creating this alignment is to stay as close to the existing profile, 
while staying within the AASHTO recommendations of grade, grade change, and K value. The 
aforementioned acceptable for grade is 20:1 (or 5.00%). The acceptable change in grade at a 
point of vertical inflection is 0.50%. This means the difference in grade from the proceeding 
segment cannot be more than 0.50% different than the following segment. In order for a 
reviewing engineer to determine if it was designed correctly, these grades and points of 
inflection are clearly labeled in the vertical profile. The K value refers to the steepness of the sag 
vertical curve or crest vertical curve in the profile. No crest or sag vertical curves were used in 
the creation of this profile because the profile has a constant negative slope.  
 
Grading sheets were then created based off this vertical alignment. A grading sheet in this case is 
a zoomed in version of the horizontal alignment with the elevations of the edge of pavement 
being called out every 25 feet. In order to get these numbers, one finds the proposed elevation at 
each 25 foot interval according to the vertical profile and does the calculation of 2.00% of a 
distance of 5 feet (half the width of pavement). For instance, if the centerline elevation for a 
particular station was measured at 500 feet, 500 +/- (0.02*5) would be used as a calculation for 
either side of the pavement. These values are then plotted to give the construction crew 
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additional information to base their efforts. It also provides an additional way for the grading 
calculation to be checked. Grading sheets can be found in Appendix B. 
 
Finally, a cost estimate was included at the end of the design to indicate an engineer’s estimate of 
costs for the entire project. The cost estimate includes costs for the pavement, excavation, 
embankment, tree removal, clearing and grubbing, pavement markings, signage, property costs 
and all other necessary costs.  The cost estimate is a shown below in Table 3: 

 
Table 3: Cost Analysis for Graded Trail Connector Option (Microsoft Excel) 

 
*For example calculations and a full set of design plans, please see the appendix.* 

Crossing Ault Park Creek 

Within Ault Park there is a small creek that runs parallel with the Valley Trail. Figure 10 shows 
the location of the creek within Ault Park and in reference to both Wasson Way and Valley Trail. 
The creek is an ephemeral tributary of the nearby Duck Creek, meaning that Ault Park Creek 
flows into Duck Creek only after heavy rainfall or in the spring time when there is a lot of snow 
melt. Aside from those two scenarios, Ault Park Creek is most often just a dry creek bed. Still, 
proper methods for crossing the creek without disrupting the hydrological flow are necessary in 
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order for the graded trail connector to serve its purpose of connecting Wasson Way to Valley 
Trail. To cross the creek a culvert would be needed, but in order to determine the size of the 
culvert, the hydrological information of the creek would also be required.  
 

  
Figure 10: Image of Ault Park Creek in reference to Valley Trail and Duck Creek (CAGIS) 

 
In order to find more information on Ault Park Creek a case study was performed on a stream 
restoration project performed by the Metropolitan Sewer District of Greater Cincinnati (MSD) in 
Ault Park beginning in 2011 known as Project Groundwork (Stream Restoration). Through 
Project Groundwork it was discovered that beneath the creek bed was an active combined sewer 
pipe that also drained into Duck Creek in the event of a sewer overflow. The sewer pipe 
contained inlets that would allow storm water runoff to flow into the combined sewer as opposed 
to flowing naturally in the creek bed. This resulted in frequent combined sewer overflows due to 
the addition of the storm water. Project Groundwork sought out to eliminate 85% of the 
overflows by closing all of the sewer inlets along the creek bed. Members of Project 
Groundwork also restored Ault Park Creek through a process known as stream bank stabilization 
so that it would effectively be able to handle flows after rainstorms and snow melts and then 

Duck Creek 

Wasson Way 

Ault Park Creek 

Valley Trail 
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transport the water to Duck Creek naturally. As a result of restoring the creek, members of the 
MSD were required to install a culvert beneath Observatory Ave. The culvert that they installed 
had an opening with an area of 19.6 ft2. Calculations for this area are shown in Appendix A.  
Based on this information it can be assumed that a culvert of a similar size would be satisfactory 
for the graded trail connector. 
 
The dimensions of the creek bed at the area where the graded trail connector would need to cross 
include a horizontal span of roughly 60 ft. and a vertical distance of 8 ft. A culvert would be the 
ideal way to provide a way of crossing Ault Park Creek without disrupting the natural flow of it. 
The advantages of using a culvert as opposed to constructing a bridge system are that most 
culverts simply require assembly in the affected area and have very low maintenance and life-
cycle costs (CON/SPAN). It would also be easy to choose a culvert that complies with the bike 
trail specifications provided by AASHTO.  
 

Conclusion 
In conclusion, the graded corridor connector was chosen as the most acceptable design. This 
design satisfies the needs of the users of the trails using a tried and true, cost effective design. A 
final design plan was created that can be used to construct the project and is shown in Appendix 
B.  
 
While all of the design options showed promise, three of them were ultimately ruled out due to 
safety concerns (as is the case for the Minimalistic Design Option), for their incompatibility with 
the Americans with Disabilities Act (the Staircase with Bike Trough Option), or due to their high 
estimated price (the Spiral Trail Connector Option).  
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Appendix A 

Calculations: 
 

1. Edge of pavement elevation:   
A +/- (0.02*5), where A = Centerline Elevation 
 

2. Volume of layer of pavement:  
(Depth*Width*Length of Project) 

[(2”/12)*(20’)*(995.19’)]/27 = 61 yds3 

 
3. Cost of layer:  

(Volume*Unit Cost) 

(61 yds3)*($75+$75) = $9,150  

4. Determination of Required Culvert Area: 

𝐴 = 𝜋𝑟2 Diameter of existing Culvert Pipe = 60 in. = 5 ft. 

𝐴 = 𝜋(2.5)2 = 19.6 𝑓𝑡2  

 

Group Member Contributions: 

 
Zachary Campbell was responsible for the entire AutoCAD design plans that were created for 
this project as well as the portion of the report pertaining to said design. Zach worked with other 
members of the group to indicate other design options and to frame out the overall scope of the 
project. Zach used his sources at the City of Cincinnati to obtain pertinent design standards and 
information that was used in the final design.  
 
Joshua Miller was responsible for the AutoCAD design created for the staircase and spiral ramp 
designs, as well as the horizontal alignment of the graded path option. Josh worked with the 
other group members on the overall progression of the design of the project. 
 
Andrew Davis was responsible for the creation of the minimalistic design approach. He also 
performed the hydrological analysis for the Ault Park Creek and suggested the design of the 
culvert. Andrew worked closely with the other group members and was also responsible for 
finalizing the presentation and report.  
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Appendix B 
See attached PDF file. 
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