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I. Executive Summary 
 
About JKA Consultants 
Our organization is headquartered in the Seamans Center, located on 103 South Capitol 
Street, in Iowa City, Iowa 52240. We may be reached by email at austin-
sitzmann@uiowa.edu, or by phone at (712) 541-9666. All three members of our team 
are seniors pursuing a Bachelor of Science degree in civil engineering at the University 
of Iowa. We have experience working with similar projects in the past, as we have all 
designed a roadway and produced alignments for it as part of a final project in our 
Transportation Design class. We also have experience designing retaining structures, 
such as abutments, from a foundation course that covered the design of footings and 
retaining structures. 
 
Project Description 
This project required the design of an extension of the existing Red Oak Trail, located 
in the city of Red Oak, IA. The trail extension begins at the intersection of Alix Street 
and HWY 48, and terminates adjacent to Red Oak’s sewage treatment plant, for 
approximately 2 miles in total length. It was requested that the trail run along the crest 
of the nearby levee, and that it crosses the local railroad tracks, 200th Street, and West 
Coolbaugh Street. We developed two alignment alternatives for this trail design, with 
the difference in the designs being the method of crossing the railroad. Alternative 1 
builds up the levee before reaching the railroad and then uses a bridge to cross the 
railroad, while Alternative 2 crosses the railroad at-grade, near the US-34 roadway 
crossing. A parking lot design that utilized the existing private drive near the 
intersection of Eastern Avenue and US-34 was also requested. 
 
Work Performed 
Both alternatives are designed with concrete and asphalt pavement alternatives. For 
both alternatives, we produced trail cross sections, horizontal and vertical alignments, 
trail grading, and various other elements of the trail in accordance with Section 12B-2 
of the Statewide Urban Design & Specifications (SUDAS) Design Manual. Both 
alternatives are designed to be ADA compliant. The roadway crossings, signage, 
pavement markings, and detectable warnings are designed based on the results of a 
traffic warrant analysis, in accordance with the Manual for Uniform Traffic Control 
Devices (MUTCD). Given our design team’s experience, designing a bridge is out of 
the scope of our abilities, and, therefore, unethical for us to design, so we went with a 
prefabricated bridge. We have, however, designed abutments for a prefabricated bridge 
to be placed on. While we did not design the actual bridge, we did research the 
Burlington Northern Santa Fe (BNSF) railroad requirements for overhead crossings, 
and specified these requirements in our bridge design recommendations. We also 
researched specific BNSF requirements for the at-grade crossing, and we abided by 
these requirements in our design. An accessible parking lot was also designed near the 
location requested. Further, we used AutoCAD to produce final plan sheets, and we 
used Infraworks to create 3D renderings of our design, for better visualization. Finally, 
we have provided a final cost estimate for both alternatives with concrete and asphalt. 
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Constraints & Challenges 
The U.S. Army Core of Engineers (USACE) restricts certain construction practices, 
such as cutting into their levee, so abiding by their requirements was both a constraint 
and a challenge. The BNSF railroad also has their own set of construction requirements, 
such as horizontal and vertical clearances from their right-of-way (ROW), and these 
requirements restricted our bridge design. Further, the initial crossing of HWY 48 had 
limited space and designing the trail there required reducing the trail width. Another 
challenge was complying with ADA requirements at the initial crossing and when 
building up the levee to cross the railroad with a bridge. 
 
Societal Impacts 
This trail extension should help provide Red Oak with a cohesive, accessible network, 
which further links the city’s schools, factories, parks, businesses, and homes, in a safe 
manner for both pedestrians and bicyclists. Community members will be able to cross 
three man-made barriers, ensuring all parts of the community are accessible by trail. 
Further, this trail addition will allow for more year-round outdoor recreation and fitness 
activities in the City of Red Oak, which will result in improved overall health of 
community members, while also acting as an important tourism asset for the city. The 
proposed trail does run through some private property, and these people will end up 
giving up part of their land if this trail is built. 
 
Recommendations 
If safety is a major concern for this trail, Alternative 1 with the bridge is recommended 
because it is a much safer method to cross the railroad. However, this alternative does 
cost considerably more than the at-grade crossing alternative. If the bridge alternative 
is chosen, there is power line near this location that may need to be raised; we 
recommend measuring the exact height of this power line, as we were unable to do this 
during our site visit. Also, when selecting the trail surface, there are pros and cons for 
both concrete and asphalt. Asphalt is cheaper, costs less to maintain, and is easier on 
pedestrians’ joints than concrete is. The downside to asphalt, however, is that it is less 
durable and has a much shorter service life than concrete. Concrete is stronger than 
asphalt, and has a long service life, but it is expensive to repair, costs more than asphalt, 
and is harsher on users’ joints. It is recommended that the final trail surface is selected 
while keeping these factors in mind. Also, we recommend placing collapsible safety 
bollards on the trail wherever the trail intersects a roadway. These collapsible bollards 
prevent unauthorized vehicles from driving on the trail surface, while still allowing 
emergency or utility vehicles access. Finally, the current STOP sign controlling Alix 
Street is mounted too low, based on the MUTCD requirements, and we recommend 
raising it. 
 
Final Cost Estimate 
We used the RS Means Landscape and Site Work, 2016 edition and the Iowa DOT Bid 
Tabs for all of our material costs, which includes labor, overhead, and profit. Also, we 
used The Beacon Land Property Management System to retrieve the listing prices and 
to estimate how much land must be acquired. A 10% markup is applied to the listing 
prices to estimate the true market value of the land. Finalizing engineering and 
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contingency are estimated at 10% of the construction cost. Our final engineering cost 
estimates are provided in Table 1. 
 

Table 1: Engineering Cost Estimate 

 
 

II. Organization Qualifications & Experience 
 
1. Name of Organization 
Our official organization name is JKA Consultants. 
 
2. Organization Location & Contact Information 
Our headquarters is in the Seamans Center, located on 103 South Capitol Street, Iowa 
City, Iowa 52240; this is where design services were completed. JKA Consultants may 
be reached at the following: 

 
Email (primary): austin-sitzmann@uiowa.edu 
Phone (primary): (712) 541-9666 

 
Email (secondary): joseph-moslemian@uiowa.edu 
Phone (secondary): (224) 202-0995 

 
Email (secondary): kara-gibson@uiowa.edu 
Phone (secondary): (224) 789-9486 
 

3. Organization & Design Team Description 
Our team is composed of three highly motivated seniors pursuing Bachelor of Science 
degrees in civil engineering at the University of Iowa College of Engineering. We are 
all currently enrolled in the University of Iowa capstone design class. Our team 
members are Austin Sitzmann, Joe Moslemian, and Kara Gibson. While our 
organization is together for the first time to work on this project, we have prior 
experience working with each other solving engineering problems through the past 
three and a half years. We have also all completed multiple other projects throughout 
our academic career. Administrative roles pertaining to this project included a project 
manager, an editor, and a technology specialist. Austin was the project manager, and 
was responsible for maintaining contact with the client, coordinating project tasks, 
preparing meeting agendas, and organizing presentations. Joe was the editor, and his 
responsibilities included coordinating reports and the graphics contained within the 
reports, making final editing decisions, formatting, overseeing the final presentation 
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design, and developing computer renderings of the final design. Kara was the 
technology specialist, and she served as the technology assistant. 

 
4. Description of Experience With Similar Projects 
All members of our firm have previous experience with roadway design and alignment. 
During the fall semester of 2017, we all designed a highway bypass around a small 
town for a final project in our Transportation Design course. For this project, we 
produced vertical and horizontal alignments, cross section views, performed cut and 
fill analyses, and estimated the materials needed for construction. We also verified our 
route was compliant with Iowa DOT and AASHTO design standards, and we 
implemented a design matrix to minimize the impact our design had on the surrounding 
community and other protected land. Our team also has experience in designing 
retaining structures, as Austin has completed a foundations course where they learned 
how to design footings and retaining structures. 
 

III. Design Services 
 
1. Project Scope 
This project required the design of a trail that is an extension of the current Red Oak 
Trail System. The extension begins at the intersection of Alix Street and HWY 48, and 
it terminates near Red Oak’s sewage treatment plant. The proposed trail runs through 
city, state, and private property. A majority of the trail extension runs along the crest 
of Red Oak’s levee, which intersects a Burlington Northern Santa Fe (BNSF) railroad. 
This railroad had to be crossed in compliance with both the U.S. Army Core of 
Engineers (USACE) and BNSF railroad standards. After contacting the BNSF railroad 
and the USACE and investigating their standards, we believe to have found two 
feasible solutions to cross their railroad. As requested, we designed a solution that 
includes a bridge to serve as the crossing over the railroad. Designing the bridge was 
out of the scope of this project given our design team’s experience and abilities, 
however we did design abutments for a prefabricated bridge to be placed on. Further, 
as an alternative, we have designed a trail that uses the existing at-grade crossing of the 
BNSF railroad with US-34 to avoid the expense of an overhead crossing. We 
investigated Iowa trail design standards to ensure the trail is designed in compliance 
with Iowa DOT, AASHTO and ADA requirements. We also obtained GIS data for the 
elevations of our site location, and we used this information to lay out the trail’s 
horizontal and vertical alignments. Additionally, pedestrian and driver safety was 
considered at the three road crossings and the at-grade railroad crossing. This was done 
by performing a warrant analysis in accordance with the Manual for Uniform Traffic 
Control Devices (MUTCD), and using the results of the analysis to design the 
intersections with proper signalization, signage, and pavement markings. Further, we 
designed a parking lot to accommodate trail users, and to encourage more community 
members to use the trail. Once the trail was finalized, we used AutoCAD Civil 3D to 
create detailed plan sheets for the abutments, for the signage and pavement markings 
for the intersections, and for the parking lot. To conclude the design, we created a 3D 
rendering of the project, using Infraworks, to help provide a better understanding of 
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what the final product will look like. Finally, after completing all design tasks, we put 
together an engineer’s cost estimate. 

2. Work Plan

Figure 1: Gantt Chart Displaying Major Tasks 

Figure 1 summarizes the major tasks completed. This chart displays when each task 
began, its duration, when it was finished, and who completed it.  

IV. Constraints, Challenges, & Impacts

1. Constraints
In order to ensure the levee maintains it integrity, the USACE restricts construction on 
the levee. These restrictions affected the pavement design for the trail. The USACE 
does not allow the levee to be cut in to, so the portion of the trail along the levee does 
not contain a subbase in our design. Not being allowed to cut into the levee also caused 
the grade of the shoulder to be greater than recommended by the Iowa DOT. Further, 
the trail must be placed directly on the levee, so the width of the levee crest restricts 
the trail shoulder width. Additionally, the trail passes through private and state 
property, and a property owner’s reluctance to grant easement rights could influence 
where the final trail design may be placed. Further, ADA requirements limited how 
steep we could build up the levee to the bridge. Finally, there is also an active railroad 
the trail must cross, and there is no way to avoid intersecting this railroad, if the trail is 
to run along the levee; crossing this railroad with a bridge or an at-grade crossing must 
comply with BNSF requirements.

2. Challenges
One challenge we faced was designing a bridge approach and abutments under the 
constraints of the railroad and levee. Since the trail is on the levee, certain design 
standards cannot meet recommended specifications. Designing abutments also 
presented a challenge as we have little experience in doing so. Further, since the bridge 
crosses over a railroad, we needed to research specific criteria for bridge and abutment 
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design. Finally, the pedestrian crossing where the trail extension begins has limited 
space, so we had to make sure the crossing was safe and compliant with design 
specifications and standards. 
 
3. Societal Impacts Within the Community &/or the State of Iowa 
We hope this trail extension helps provide Red Oak with a cohesive, accessible 
network, which further links the city’s schools, factories, parks, businesses, and homes, 
in a safe manner for both pedestrians and bicyclists. We believe by adding the safe trail 
crossings of the railroad, 200th Street, and West Coolbaugh, community members will 
be able to cross these man-made barriers, ensuring all parts of the community are 
accessible by trail. Further, this trail addition will allow for more year-round outdoor 
recreation and fitness activities in the City of Red Oak. This will result in improved 
overall health of community members, while also acting as an important tourism asset 
for the city. A few property owners will have to give up a portion of their land in order 
for this to trail to be constructed as proposed, but hopefully they will see the benefit of 
the trail and do so willingly. There should be little impact on the environment, as this 
trail utilizes existing infrastructure, and there are few obstructions in the way of the 
alignment. Some trees may need to be removed on the east side of the railroad tracks if 
the bridge crossing alternative is used.  

 
V. Alternative Solutions That We Considered 

Alternative 1: Bridge Crossing 
A bridge crossing coincides with the initial plan, and using a bridge has both aesthetic 
and safety benefits. The higher elevation of the bridge gives users a great vantage point 
to look at their community. The bridge would also add a new element to the trail and 
add interest. In addition, the bridge could link with the community by adding metal 
work from a local business. Finally, a bridge crossing over the railroad will be a safer 
method of crossing it. There would be no need for pedestrians to look for oncoming 
trains and judge when to cross. This would also eliminate the need for users to stop in 
the event of an oncoming train. On the other hand, this alternate comes with a much 
larger cost. The design, material, and installation required for the bridge dramatically 
increases the total project cost.  
 
Alternative 2: At-Grade Crossing 
The at-grade crossing has the benefit of saving costs. By avoiding the railroad 
intersection at the levee, a bridge would no longer be needed. The cost savings 
associated with losing the bridge would be substantial. The drawbacks include a lack 
of community connection, loss of a unique vantage point, loss of an interesting asset 
for Red Oak, and decreased safety.  
 

Note: Both alternates include an option for concrete or asphalt pavement. One 
benefit of an asphalt trail is that asphalt costs significantly less than concrete. Some 
trail users may prefer asphalt because it is smooth and easier on users’ joints. 
Additionally, maintaining an asphalt trail is relatively easy. A downside to asphalt 
is that it is not as durable as concrete and requires frequent maintenance, which 
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ultimately results in a shorter service life than concrete. A concrete trail is beneficial 
because it does not need to be maintained as frequently as asphalt. Concrete is also 
much more durable, and it should provide a much longer service life than asphalt. 
A disadvantage to using concrete is that it is a more expensive trail surface than 
asphalt, and when it does require maintenance, it is often more expensive than 
asphalt. Concrete is also less flexible than asphalt, so it is harsher on pedestrians’ 
joints. 

 
VI. Final Design Details 

Trail Pavement & Grading (Cross Sections) 
The trail pavement and grading, as shown on Sheets B10 for Alternative 1 and B14 for 
Alternative 2, are designed using the Statewide Urban Design & Specifications 
(SUDAS) Design Manual Section 12B-2; this section is specific for shared path trails. 
Per its specification, we designed the trail with a recommended 5” depth concrete or 
asphalt surface. A 6” subbase is used in sections of the trial not on the levee. In 
compliance with the USACE, no subbase is added on the levee since we cannot cut into 
it. We believe the levee surface to be a sufficient subbase for the trail because it is 
already highly compacted. The pavement is designed to have a vertical cross slope of 
1.5% to guide rainfall off the trail. A 2’ wide shoulder was added to the off-levee 
portion of the trail. The grass shoulder is designed with the maximum grade of 6H:1V. 
The trail cross sections are graded to the existing surface. A steeper grade slope of 
12H:5V is used for the trail's on-levee portion since we cannot alter the levee. A slope 
of 3H:1V is selected for the off-levee portion to provide a safer grading slope while 
minimizing fill. 
 

Note: A 42” high safety rail is required along portions of the trail that have an 
adjacent grading of 3H:1V with a drop of 6’ or more, a grading of 2H:1V with a 
drop of 4’ or more, or a grading of 1H:1V with a drop of 1’ or more. 

 
Horizontal Alignments 
For Alternative 1, the design begins at the end of the existing trail, crosses HWY 48, 
wraps around the farm land on the west side of HWY 48 and south of US-34, and then 
makes its way on to the levee. The trail continues along the crest of the levee until it 
ends near the sewage treatment plant, and the final horizontal alignment avoids trees 
and culverts wherever possible. Our horizontal curves abide by Section 12B-2 of the 
SUDAS Design Manual. Alternative 2 is laid out the same as Alternative 1, initially. 
Once the trail reaches the levee it is diverted from the levee crest by the US-34 levee 
gate, and then it runs adjacent to US-34 until it reaches the railroad, which it then 
crosses with and at-grade crossing. After crossing the railroad, the trail curves left onto 
an existing private road on a nearby farm lot, and then it continues along this road until 
it meets back up with the levee. Just as in Alternative 1, Alternative 2 then follows the 
remainder of the levee. Final horizontal alignments can be seen on Sheets B1-B13 for 
both design alternatives.  
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Vertical Alignments 
Coinciding with the horizontal alignments, the vertical alignments are designed to 
minimize earthwork while providing appropriate grading for the levee and bridge 
approaches. Where possible, the vertical alignment is placed directly on the existing 
levee surface to avoid unnecessary cut or fill. In all other cases, the specifications for 
trail grades, provided in the SUDAS Design Manual Section 12B-2, are abided by. The 
maximum grade in our design is 8% at the bridge approaches. The length of the vertical 
curves is always more than the stopping sight distance for the corresponding grade 
change, as required by the SUDAS 12B-2. Alternatives 1 and 2 were both designed in 
this manner. Final vertical alignments for both alternatives can be seen on Sheets B1-
B13. 
 
Bridge 
Designing a bridge is out of the scope of this project for our design team’s abilities, so 
we recommend using a prefabricated bridge. According to Section 5.4.8.2 of the BNSF 
Guidelines for Grade Separation Projects (BNSFGGSP), this bridge must be designed 
with an 8’ high curved chain link fence or a 10’ high straight chain link fence. The 
BNSFGGSP also requires the openings of the chain link fence to be no greater than 2”, 
according to Section 4.7.b.1. The vertical clearance of the bridge must be 23’- 6” above 
the railroad, measured from the top of the highest rail to the lowest obstruction under 
the bridge, per Section 5.2.1 of the BNSFGGSP. This vertical clearance must be abided 
by for a minimum of 9’ in each direction from the centerline of the existing or future 
tracks, based on the requirements given in Section 5.2.1.a.1 of the BNSFGGSP. 
Further, the piers and abutments of the bridge are designed to be outside of the 
railroad’s 100’ wide right-of-way (ROW), per their requirement in Section 5.2.2.b of 
the BNSFGGSP. This results in the bridge span being 115’. Another requirement for 
the bridge is that the trail riding surface of the bridge is at least 10’ below the power 
lines that pass overhead, as required by Section 12B-2.C.5.b of SUDAS. From our 
observation during our site visit, we believe there is currently enough vertical 
clearance, but we were unable to measure the exact height of the power lines, so if there 
is not a 10’ clearance the power lines need to be raised. 

 
Note: We have located an up and coming pre-fabricated bridge manufacturer that 
goes by the company name of Bridge Brothers. They are a small company that has 
been together for a couple years. We contacted them and received a quote on a 115’ 
span bridge with a 10’ width (to accommodate a potential ambulance); the quote 
includes the cost for them to design, fabricate, and deliver the bridge to the site. 
This quote also includes the design of an abutment, so an abutment design provided 
by them could be used as an alternative to the abutment we designed. All of their 
bridges are design in accordance with the AASHTO Guide Specifications for the 
Design of Pedestrian Bridges, 2009 edition. Details regarding this company, their 
bridge design, and the specifications they use are included in Appendix B: Bridge 
Design. 
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Abutment 
The abutment is designed as a cantilever retaining wall. We used the United Soil 
Classification System’s typical values for soil properties to design the abutment; these 
values are a friction angle of 25⁰ and a cohesion value of 10 kPa. We used Rankine’s 
Active Earth Pressure Theory to calculate the active earth pressure on the heel side of 
the abutment, and Vesic’s equation to calculate the bearing capacity of the soil. We 
calculated the factor of safety for bearing pressure using the affective area method, and 
we used the strip method to calculate the factors of safety for overturning and sliding. 
Results from the stability analysis are presented in Table 2.  
 

Table 2: Stability Analysis Results 

 
 

As highlighted in red, the sliding stability of the abutment without the use of Geogrid 
does not fall in the acceptable range, so we used Geogrid in our final design of the 
abutment. To design the rebar in the abutment, we modeled the stem as a bearing wall 
and the footing as an eccentrically loaded footing. The appropriate sections from the 
ACI code are referenced next to the corresponding calculations in the Appendix A: 
Abutment Design. The detailing of the rebar can be found in our plan sheets in the A 
section. The final design resulted in an abutment that is 31’- 6” tall, with a footing that 
is 22’- 2” deep and 40’- 4” wide; see Sheets A1-A6 of Alternative 1 for detailed 
drawings of the abutment design. Appendix A: Abutment Design contains supporting 
design calculations for the abutment design. 
 
Geogrid 
Due to the bottom layer of Geogrid being deep into the ground, the Geogrid is required 
to have an ultimate tensile strength of 20 kip/ft. This results in a factor of safety of 2.1 
against the Geogrid breaking. The Geogrid must be biaxial (equal strength in both 
directions) to increase the slope stability of the levee build-up soil, since the grading of 
the soil in the levee build-up region transitions from a 3H:1V slope near where the 
levee starts building up to a 1H:2V slope at the region the Geogrid lays. As noted in 
the plan sheet A1 for Alternative 1, the minimum Geogrid aperture needs to be 3.5 
times larger than the average backfill soil particle diameter. 

 
At-Grade Crossing 
According to Section 7.1 of the BNSFGGSP, at-grade crossings are only permitted if 
they are immediately adjacent to an existing public roadway crossing with existing 
highway railroad warning devices, which we have with US-34. In order to comply with 
this requirement, the edge of trail is offset 12’ from the edge of US-34. See Sheet D4 
of Alternative 2 for a detailed plan view of this intersection. Per the BNSF Road 
Crossing Layout guidelines, the existing concrete crossing for the railroad to cross US-



P a g e  10 | JKA Consultants 
 

34 must be extended at least 1’ past the edge of the trail. Ten 10’ ties must also be 
placed immediately adjacent to the edge of the extended concrete. A 12” minimum 
ballast, with 12” of compacted material or asphalt below that, and a subgrade is also 
required. Wheel openings in the concrete crossing need to be 3” on the inner side of 
the track and 2 ½” on the outer side of the track to allow train wheels to travel across 
the concrete panel. Appendix D: BNSF At-Grade Crossing Construction Requirements 
contains the BNSF’s design sheets for crossing their railroad. Also, a culvert that 
currently passes underneath US-34 must be extended beyond the trail if the at-grade 
alternative is chosen, because the trail will need to pass over this culvert. 
 
Parking Lot 
In the design of the parking lot, Section 8B-1 of the SUDAS Design Manual was used. 
The parking lot is 60’ wide by 75’ long and provides 14 stalls with one ADA Accessible 
stall included. The driving aisle is 24’ wide to accommodate both directions of traffic. 
Standard stalls are 9’ wide by 18’ long to account for larger vehicles, and the accessible 
stall is 11’ wide and 18’ long. A slope of 2% was used to direct rainfall to an inlet. An 
access route from the parking lot to the trail is provided, with a 30” tall collapsible 
bollard to prevent unauthorized vehicles from driving on the trail. A SUDAS standard 
6” curb was added to the outside of the lot and a graded at a 4H:1V slope to the existing 
surface; see Sheet C1 for parking lot details. 
 
Parking Lot Hydrology Analysis  
In the hydrology assessment, a 25-year design storm was used. The rational method 
was used to calculate the volume of water generated by this storm. The rainfall intensity 
was selected from Table 2B-2.08 in Section 2B-2 of SUDAS Design Manual for 
Southwest Iowa. In the assessment the water volumes for the 5-year and 100-year 
design storms were also calculated. The water volume from the 25-year storm was 
selected for design because it provides a medium amount of protection. The 5-year 
design storm volume wasn't selected to avoid unnecessary damage to the new parking 
lot. The 100-year design storm wasn't selected because the lot is a minor structure that 
is reasonably allowed to flood every 100 years. An inlet will be required at the lower 
end of the parking lot; it will need to be able to handle a water volume of 523 ft3 at a 
max rate of 0.58 ft3/s; see Sheet C1 for both alternatives for the location of the inlet. 
  
Traffic Analysis 
To determine the impact the trail has on traffic, as well as how traffic will impact the 
trail, we analyzed crosswalk locations in accordance with Chapter 4C of the MUTCD. 
None of the nine signal warrants in this chapter were met, therefore no traffic control 
signals are required at any of the crosswalks. In addition, the necessity of a pedestrian 
hybrid beacon was considered in accordance with Chapter 4F of the MUTCD. 
According to this chapter, a pedestrian hybrid beacon is not warranted at any of the 
crosswalks. See Appendix C: Traffic & Pedestrian Analysis for the supporting traffic 
warrant analysis. 
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Signage 
Iowa Trails 2000, Chapter 4 Section 5, was used as a guideline for the layout of the 
roadway crossings. We then used the MUTCD to determine the exact signage and sign 
locations for the roadway crossings. Trail sign codes and sizes are from the 
specifications provided by the MUTCD, in Chapter 9B, Table 9B-1. At all roadway 
crossings, an R1-1 “STOP” sign (18”x18”) is required where the trail meets the street 
to control trail traffic. Chapter 2B, Section 10, standard 2, of the MUTCD, requires the 
R1-1 signs to be located as close as practical to the intersection it regulates. A W3-1 
“STOP Ahead” sign (18”x18”) is required to be placed 100’ in advance of all R1-1 
signs along the trail; the 100’ offset is the recommended distance from the MUTCD, 
Chapter 2C, Table 2C-4. For the alternative at-grade crossing, R15-1 “Railroad 
Crossbuck” (24”x4.5”), R15-2 “1 Track”, and R1-2 “Yield” (18”x18”) signs shall all 
be mounted on the same post; this combination of signs shall be located on both sides 
of the railroad track, offset 12’ from the nearest edge of track, according to Chapter 8D, 
Figure 8D-1, of the MUTCD. Per the same reference, a W10-1 “Advance Grade 
Crossing” (15” dia.) sign is also required to be placed 100’ in advance of the previously 
mentioned sign combination. All trail signs must be laterally offset 2’ from trail 
(measured from the edge of the trail to the edge of the sign face), per SUDAS 12B-2. 
For the roadways approaching the crosswalks a W11-2 “Pedestrian” sign (30”x30” for 
200th Street and West Coolbaugh, and 36”x36” for HWY 48) with a W16-7P 
“Downward Diagonal Arrow” (24”x12”) mounted directly below it shall be placed at 
both sides of the crosswalks, per the MUTCD, Chapter 2C, Table 2C-2. These 
roadways also require a W11-2 sign (30”x30” for 200th Street and West Coolbaugh, 
and 36”x36” for HWY 48) with a W16-9P “Ahead” (24”x12”) sign mounted directly 
below it to be placed in advance of the crosswalks as a warning. Per the MUTCD, 
Chapter 2C, Table 2C-4, the location of this sign combination is 125’ in advance of the 
crosswalk (in each direction) for HWY 48, 175’ for 200th Street, 100’ for the westbound 
approach of West Coolbaugh, and 125’ for the eastbound approach of West Coolbaugh. 
There is a bridge in the way of this sign combination on the eastbound approach on 
200th Street, so the sign shall be placed at the west side of this bridge. Also, the current 
STOP sign controlling Alix Street is not mounted high enough; it must be raised to 7’ 
above the road surface. Finally, per the MUTCD, Chapter 2A, Section 2A.18, the 
minimum height of all signs along the trail, measured vertically from the bottom of the 
sign to the elevation of the trail surface shall be 6’; the height to the bottom of a 
secondary sign mounted below another sign may be 1’ less. Add 1’ to these 
requirements for street signs. Refer to Sheets D1-D3 for a plan view of the sign 
placements for the three intersections for Alternative 1 and Sheets D1-D4 for 
Alternative 2. 

 
Pavement Markings & Detectable Warnings 
Per SUDAS Section 12A-2, detectable warnings are located at all road crossings and 
at grade crossings. These warning strips have a width of 2’, and extend the entire width 
of the path. The trail stop lines, yield lines, crosswalks, and centerlines are designed in 
accordance with PM-110 from the Iowa DOT Standard Road Plans. The stop lines 
along the trail are 2’ wide and offset 1’ from the edge of the detectable warnings. The 
crosswalk lines are 2’x10’ and spaced at 2’. The centerline of the trail is 4” wide. For 
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the alternative at-grade crossing, the yield lines are 2’ wide and offset 12’ from the 
edge of the nearest track. The railroad pavement marking symbol is designed at a 3/8 
scale (due to the narrow space) of the pavement marking dimensions provided by the 
MUTCD in Figure 8B-7A. This pavement marking is located 62’ from the edge of the 
nearest track to the center of the pavement marking. Note, collapsible safety bollards 
that are 30” tall are recommended for the trail to prevent unauthorized vehicles from 
driving on the trail; these bollards are offset 10’ from the edge of the road and placed 
in the center of the trail. Refer to Sheets D1-D3 for a plan view of the placement of 
pavement markings and detectable warnings for Alternative 1, and Sheets D1-D4 for 
Alternative 2. 

 
Infraworks 
We used Autodesk Infraworks to provide renderings of the trail design; see Section X 
Design Renderings & Models of this report for the final renderings. While we 
attempted to produce these rendering as accurate as possible, they are for visualization 
purposes only and are not exact representations of the final design. 
 
Final Note: 
A summary of design requirements for all elements of this trail is provided in Appendix 
E: Summary of Design Requirements. 
 

VII. Engineer’s Cost Estimate 
To estimate the final project cost, we used two sources to find unit prices for material 
cost and one source to calculate the cost of acquiring the necessary land. We used the 
RS Means Landscape and Site Work, 2016 edition and the Iowa DOT Bid Tabs for all 
of our material costs, which includes labor, overhead, and profit. The Beacon Land 
Property Management System was used to retrieve the listing prices and to estimate 
how much land needs to be acquired. A 10% markup is applied to the listing prices to 
estimate the true market value of the land. Finalizing engineering and contingency are 
estimated at 10% of the construction cost. Our final engineering cost estimates are 
provided in Table 3. 
 

Table 3: Final Engineering Cost Estimate 

 
 

Appendix F: Cost Estimates contains details regarding the final cost estimates. 
 

VIII. Appendices 
Appendices are provided within this section on the following pages.
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Abutment Design 
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Soil Parameters

≔ϕ' 25 °
From United Soil Classification System for silty clay

≔c' 208.9 ――
lbf

ft 2

Sizing of Abutment
Model showing sizing parameters

Preliminary Independent Dimensions

≔H +27 ft 0 in Change in elevations

≔Df +4 ft 6 in Has to be greater than frost depth (3'-6" for Iowa)

≔Hw =+H Df 31.5 ft Total height of concrete abutment

≔Wabutment 12 ft width of reguangular part of abutment into the page
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≔Hw =+H Df 31.5 ft

≔Wabutment 12 ft width of reguangular part of abutment into the page

≔Hstep 2 ft Height of the step where bridge is anchored

Dependent Dimensions

≔B =⋅0.7 Hw 22.05 ft 0.4H  <  B  <  0.7H   Total width of footing

≔tf =⋅0.1 Hw 3.15 ft Thickness of footing

≔Btoe =0.2 Hw 6.3 ft Width of footing toe

≔tstem =⋅0.1 Hw 3.15 ft Thickness of stem

≔Bheel =--B Btoe tstem 12.6 ft Width of footing heel

Final Dimensions to nearest inch to make construction easier

≔B +22 ft 2 in

≔tf +3 ft 2 in

≔Btoe +6 ft 4 in

≔tstem +3 ft 2 in

≔Bheel +12 ft 8 in

≔Hw +31 ft 6 in

Calculate total volume of concrete needed

≔Vfooting ⋅⎛⎝ ⋅B tf⎞⎠ ⎛⎝ ++Wabutment 28 ft 4 in⎞⎠

≔Vstem +⎛⎝ ⋅⋅⎛⎝ -Hw tf⎞⎠ tstem 12 ft⎞⎠ ⎛⎝ ⋅⋅(( +14 ft 2 in)) ⎛⎝ -Hw tf⎞⎠ tstem⎞⎠

≔Vstep ⋅⋅168 ft 2 ft tstem

≔Vreinforcingsteel 40 ft 3 From cost estimate excel file

≔Vconcreteneeded =--+Vstem Vfooting Vstep Vreinforcingsteel 150.922 yd 3

Abutment Stability Checks
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Abutment Stability Checks

Define variables

≔Wbridge 30150 lbf ≔WH10Truck 20 kip

≔γbackfill 120 ――
lbf

ft 3
≔γconc 150 ――

lbf

ft 3
≔γinsitu 110 ――

lbf

ft 3granular

≔ϕbackfill 30 °

Calculation for active earth pressure coefficient for backfill

≔Kabackfill =tan
⎛
⎜
⎝

-45 ° ―――
ϕbackfill

2

⎞
⎟
⎠

2

0.333

Models showing forces acting on system

With geogrid Without geogrid
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Calculating forces

≔F1 =――――

⋅―
1
2

Wbridge

Wabutment

1.256 ――
kip
ft

≔W1 =⋅⎛⎝ ⋅⎛⎝ -Hw tf⎞⎠ Bheel⎞⎠ γbackfill 43.067 ――
kip
ft

≔W1Geo =⋅⎛⎝ ⋅⎛⎝ -Hw tf⎞⎠ ⎛⎝ +Bheel ⎛⎝ -22 ft Bheel⎞⎠⎞⎠⎞⎠ γbackfill 74.8 ――
kip
ft

≔W2 =⋅
⎛
⎜
⎝

⋅⋅―
1
2

tstem ⎛⎝ --Hw tstem Hstep⎞⎠
⎞
⎟
⎠
γconc 6.254 ――

kip
ft

≔W3 =⋅
⎛
⎜
⎝

⋅⋅―
1
2

tstem ⎛⎝ -Hw tstem⎞⎠
⎞
⎟
⎠
γconc 6.729 ――

kip
ft

≔W4 =⋅⎛⎝ ⋅⎛⎝ -Df tf⎞⎠ Btoe⎞⎠ γbackfill 1.013 ――
kip
ft

≔W5 =⋅⎛⎝ ⋅B tf⎞⎠ γconc 10.529 ――
kip
ft

≔Fa =⋅⋅⋅―
1
2

Hw
2 γbackfill Kabackfill 19.8 ――

kip
ft

Calculating moment arms for each force about the bottom left corner of the toe

≔dF1 =+Btoe ⋅―
1
4

tstem 7.125 ft

≔dW1Geo =++Btoe tstem ――
22 ft

2
20.5 ft

≔dW1 =++Btoe tstem ――
Bheel

2
15.833 ft

≔dW2 +Btoe ⋅―
1
4

tstem

≔dW3 =+Btoe ⋅―
3
4

tstem 8.708 ft
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≔dW4 =⋅―
1
2

Btoe 3.167 ft

≔dW5 =⋅―
1
2

B 11.083 ft

≔da =――
Hw

3
10.5 ft

Calculate Factor of Safety due to overturning

With geogrid

≔Mcausingoverturning =⋅Fa da 208.373 ―――
⋅kip ft

ft

≔MresistingoverturningGeo =
++

 ↲++⎛⎝ ⋅W1Geo dW1Geo⎞⎠ ⎛⎝ ⋅W2 dW2⎞⎠ ⎛⎝ ⋅W3 dW3⎞⎠
⎛⎝ ⋅W5 dW5⎞⎠ ⎛⎝ ⋅F1 dF1⎞⎠

1762.21 ―――
⋅kip ft

ft

≔FSoverturnGEO =―――――――
MresistingoverturningGeo

Mcausingoverturning

8.457 Great

Without geogrid

≔Mresistingoverturning =
++

 ↲++⎛⎝ ⋅W1 dW1⎞⎠ ⎛⎝ ⋅W2 dW2⎞⎠ ⎛⎝ ⋅W3 dW3⎞⎠
⎛⎝ ⋅W5 dW5⎞⎠ ⎛⎝ ⋅F1 dF1⎞⎠

910.699 ―――
⋅kip ft

ft

≔FSoverturn =――――――
Mresistingoverturning

Mcausingoverturning

4.371 Good

Internal Geogrid Stability Calculations

Set geogrid length and spacing

≔Lgeo =⋅0.7 Hw 22.05 ft

≔Sv 3 ft

Calculate vertical earth pressure due to backfill weight

Non-Commercial Use Only



Page 7

Calculate vertical earth pressure due to backfill weight

≔σ'o@3ft =⋅γbackfill 4 ft 480 psf

≔σ'o@6ft =⋅γbackfill 7 ft 840 psf

≔σ'o@9ft =⋅γbackfill 10 ft 1200 psf These calcs include a 
possible surcharge load 
which was modeled as an 
extra foot of soil

≔σ'o@12ft =⋅γbackfill 13 ft 1560 psf

≔σ'o@15ft =⋅γbackfill 16 ft 1920 psf

≔σ'o@18ft =⋅γbackfill 19 ft 2280 psf

≔σ'o@21ft =⋅γbackfill 22 ft 2640 psf

≔σ'o@24ft =⋅γbackfill 25 ft 3000 psf

≔σ'o@27ft =⋅γbackfill 28 ft 3360 psf

Calculate active earth pressure due to backfill weight

≔σ'a3 =⋅Kabackfill σ'o@3ft 160 psf

≔σ'a6 =⋅Kabackfill σ'o@6ft 280 psf

≔σ'a9 =⋅Kabackfill σ'o@9ft 400 psf

≔σ'a12 =⋅Kabackfill σ'o@12ft 520 psf

≔σ'a15 =⋅Kabackfill σ'o@15ft 640 psf

≔σ'a18 =⋅Kabackfill σ'o@18ft 760 psf

≔σ'a21 =⋅Kabackfill σ'o@21ft 880 psf

≔σ'a24 =⋅Kabackfill σ'o@24ft 1000 psf

≔σ'a27 =⋅Kabackfill σ'o@27ft 1120 psf

Factor of Safety for geogrid breaking
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Factor of Safety for geogrid breaking

http://www.retech.in/pdf/Retech%
20Uniaxial%20Geogrids.pdf≔Tult 20000 ――

lbf
ft

≔FSID 1.2 ≔FScreep 2 ≔FSCBD 1.2

≔Tallow =―――――――
Tult

⋅⋅FSID FScreep FSCBD

6944 ――
lbf
ft

≔Trequired =⋅σ'a27 Sv 3360 ――
lbf
ft

≔FSB =―――
Tallow

Trequired

2.067 > 1.5  OK

Calculate Factor of Safety for sliding

With geogrid

≔B ++Lgeo Btoe tstem accounts for geogrid contribution to friction capacity

≔Pgeo =+++++W1Geo W2 W3 W4 W5 F1 100.582 ――
kip
ft

≔δ =ϕ' 25 °

≔Fmaxgeo =+⋅Pgeo tan ((δ)) ⋅⋅B (( ⋅0.5 c')) tan ((δ)) 48.439 ――
kip
ft

≔FSvGEO =―――
Fmaxgeo

Fa

2.441 Good since Factor of Safety for sliding is greater 
than 2.0

Without geogrid

≔B ++Btoe Bheel tstem

≔P =+++++W1 W2 W3 W4 W5 F1 68.849 ――
kip
ft

≔δ =ϕ' 25 °

≔Fmax =+⋅P tan ((δ)) ⋅B (( ⋅0.5 c')) 34.42 ――
kip
ft

≔FSvNOGEO =――
Fmax

Fa

1.734
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≔FSvNOGEO =――
Fmax

Fa

1.734 NOT OK since Factor of Safety for sliding is 
less than 2.0

Check for uplift

With geogrid

≔xr =――――――――――――
-MresistingoverturningGeo Mcausingoverturning

Pgeo

15.448 ft

≔eGeo =-――――――
++Lgeo Btoe tstem

2
xr 0.327 ft ≔check =――――――

++Lgeo Btoe tstem
6

5.258 ft

OK since e<check

Without geogrid

≔xr =――――――――――――
-Mresistingoverturning Mcausingoverturning

P
10.201 ft

≔e =-――――――
++Bheel Btoe tstem

2
xr 0.882 ft ≔check =――――――

++Bheel Btoe tstem
6

3.694 ft

OK since e<check

Bearing Pressure Factor of Safety using Vesic's Equation (effective area method)

≔B' =-⎛⎝ ++Bheel Btoe tstem⎞⎠ ⋅2 e 20.402 ft

Vesics Factors

≔Nq =⋅e ⋅π tan ((ϕ')) tan
⎛
⎜
⎝

+45 ° ―
ϕ'
2

⎞
⎟
⎠

2

10.662

≔Nc =―――
-Nq 1

tan((ϕ'))
20.721

≔Nγ =⋅⋅2 ⎛⎝ +Nq 1⎞⎠ tan((ϕ')) 10.876

Shape Factors

≔Sc 1 ≔Sq 1 ≔Sγ 1

Depth Factors
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Depth Factors

≔k =――――――
Df

++Bheel Btoe tstem
0.203 rad

≔dc =+1 0.4 k 1.081

≔dγ 1

≔dq =+1 ⋅⋅⋅2 tan((ϕ')) (( -1 sin ((ϕ'))))
2

k 1.063

Inclination Factors

≔m 2 since we are assuming L to be infinity

≔iq =
⎛
⎜
⎜
⎜⎝

-1 ―――
Fa

―――
Fmax

tan((ϕ'))

⎞
⎟
⎟
⎟⎠

m

0.535

≔ic =-iq
⎛
⎜
⎝
―――

-1 iq
-Nq 1

⎞
⎟
⎠

0.486

≔iγ =
⎛
⎜
⎜
⎜⎝

-1 ―――
Fa

―――
Fmax

tan((ϕ'))

⎞
⎟
⎟
⎟⎠

+m 1

0.391

≔qn =++⋅⋅⋅c' Nc dc ic ⋅⋅⋅⋅γbackfill Df Nq dq iq ⋅⋅⋅⋅⋅―
1
2

γinsitu B' Nγ iγ dγ 10318.7 ――
lbf

ft 2

≔qnet =P 68848.75 ――
lbf
ft

≔FSq =――
⋅qn B'

qnet
3.058 Good since FSq is over than 3

Shear Force and Bending Moment Diagrams
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Shear Force and Bending Moment Diagrams

≔I =⋅⋅⋅―
1
12

B3 tstem ―
1
ft

2874.235 ⋅―
1
ft

ft 4

≔qtoe =

⎛
⎜
⎜
⎜⎝

+―
P
B

―――

⋅⋅P e ―
B
2

I

⎞
⎟
⎟
⎟⎠

3340.2 psf

≔qheel =

⎛
⎜
⎜
⎜⎝

-―
P
B

―――

⋅⋅P e ―
B
2

I

⎞
⎟
⎟
⎟⎠

2871.7 psf

≔slope =――――
-qtoe qheel
B

21.135 ――
psf
ft

Shear Diagram for toe

≔Vtoe ((x)) ⋅⎛⎝ +⋅-10.5 x2 ⋅3151.4 x⎞⎠ ――
lbf
ft

≔x , ‥0 0.5 6.33

=Vtoe ((6.33)) 19527.639 ――
lbf
ft

4000

6000

8000

10000

12000

14000

16000

18000

0

2000

20000

1.2 1.8 2.4 3 3.6 4.2 4.8 5.40 0.6 6

x

Vtoe ((x))
⎛
⎜
⎝
――
lbf
ft

⎞
⎟
⎠

Non-Commercial Use Only



Page 12

Moment Diagram for toe

≔Mtoe ((x)) ⋅⎛⎝ +⋅1.75 x3 ⋅1575.7 x2 ⎞⎠ ―――
⋅lbf ft
ft

≔x , ‥0 0.5 6.33

=Mtoe ((6.33)) 63.58 ―――
⋅kip ft

ft

11000

16500

22000

27500

33000

38500

44000

49500

55000

0

5500

60500

1.2 1.8 2.4 3 3.6 4.2 4.8 5.40 0.6 6

x

Mtoe ((x))
⎛
⎜
⎝
―――

⋅lbf ft
ft

⎞
⎟
⎠

Shear Diagram for heel
≔Vheel ((x)) ⋅⎛⎝ +⋅-10.5 x2 ⋅550.15 x⎞⎠ ――

lbf
ft

≔x , ‥0 0.5 12.67

1000

1500

2000

2500

3000

3500

4000

4500

5000

0

500

5500

2 3 4 5 6 7 8 9 10 11 120 1 13

x

Vheel ((x))
⎛
⎜
⎝
――
lbf
ft

⎞
⎟
⎠

=Vheel ((12.67)) 5284.847 ――
lbf
ft
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1000

1500

2000

2500

3000

3500

4000

4500

5000

0

500

5500

2 3 4 5 6 7 8 9 10 11 120 1 13

x

Vheel ((x))
⎛
⎜
⎝
――
lbf
ft

⎞
⎟
⎠

Moment Diagram for heel

≔Mheel ((x)) ⋅⎛⎝ -⋅7 x3 ⋅276.1 x2 ⎞⎠ ―――
⋅lbf ft
ft

≔x , ‥0 0.5 12.67

=Mheel ((12.67)) -30.085 ―――
⋅kip ft

ft

-23500

-20500

-17500

-14500

-11500

-8500

-5500

-2500

-29500

-26500

500
2 3 4 5 6 7 8 9 10 11 120 1 13

x

Mheel ((x))
⎛
⎜
⎝
―――

⋅lbf ft
ft

⎞
⎟
⎠

Footing Reinforcement Calculations
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Footing Reinforcement Calculations

Used this book to help design the reinforcement and check for moment and shear 
capacities
Reinforced Concrete Mechanics & Design 6th edition by James K. Wight and James G. 
MacGregor

Footing reinforcement calculations

Factored net pressure

≔qnu =―――――――――――

+⋅1.2 ――――
⋅0.5 Wbridge

Wabutment

⋅1.6 ――――
WH10Truck

Wabutment

B
188.308 ――

lbf

ft 2
Load factors from
ACI Code section 9.2.1

One way shear check

≔d =--tstem 3 in 1.1285 in 33.872 in Assuming #18 bar (r=1.1285in)

≔Vu =⋅qnu (( ⋅(( -B d)) 1 ft)) 3.643 kip Required shear strength

≔λ 1 for normal weight concrete

≔f'c 4000 Concrete strength requirement

≔bw 1 ft Analyzing 1 foot strip

≔ϕ 0.75 from ACI Code Section 9.3.2.3 for shear design when load factors 
from ACI Code Section 9.2.1 are used

≔ϕVc =⋅⋅⋅⋅⋅⋅ϕ 2 λ ‾‾2
f'c psi bw d 38.56 kip Available shear strength

Since the available shear strength is way greater than the required shear 
strength, this check is GOOD

Design Flexural Reinforcement
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Design Flexural Reinforcement

≔Mu =――――――

⋅⋅qnu ―――
Bheel

2

2
1 ft

ft
15.107 ―――

⋅kip ft
ft

≔Mu 63.58 ―――
⋅kip ft

ft
Required moment strength from 
toe analysis will be used

≔ϕ 0.9 ≔fy 60 ksi ≔j 0.95 for lightly reinforced footing

≔Ast =――――
Mu

⋅⋅ϕ fy (( ⋅j d))
0.439 ――

in 2

ft
Will use ACI's minimum steel 
value

ACI code section 10.5.4 and 
7.12.2.1 Required area of 
steel per foot of abutment

≔AstrequiredACI =―――――
⋅⋅0.0018 tstem tf

ft
2.599 ――

in 2

ft

≔smax =⋅2 tf 6.333 ft

Use #18 rebars

≔s18bars 1.5 ft

≔d18bar 2.257 in

≔Astprovided =――――

⋅―
π
4

⎛⎝d18bar⎞⎠
2

s18bars
2.667 ――

in 2

ft

≔slope 2

≔co 3 in

≔#TransverseBars =――――――――――――

--+Wabutment ⋅2 ―――
-Hw tf

slope
⋅2 co ⋅2 d18bar

s18bars
26.305

≔#TransverseBars 26 This gives us enough clear cover

Compute moment capacity
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Compute moment capacity

≔a =――――――
⋅⋅Astprovided 1 ft fy

⋅⋅⋅0.85 f'c psi bw
3.922 in

≔ϕ 0.9 ≔co 3 in clear cover to edge of transverse rebars

≔ϕMn =⋅⋅⋅⋅ϕ Astprovided 1 ft fy
⎛
⎜
⎝

-⎛⎝ --tstem co d18bar⎞⎠ ―
a
2

⎞
⎟
⎠

369.461 ⋅kip ft Moment
Capacity

Moment capacity is way greater than required moment capacity, so this check is GOOD

Select minimum temperature reinforcement (longitudinal rebars)

≔Astrequiredtemp =―――――
⋅⋅0.0018 B tf

ft
18.194 ――

in 2

ft
ACI Code Section 7.12.2.1

≔stempbars 4 ft

≔#bars =―――
-B ⋅2 co

stempbars

5.417

≔#bars 5

≔Astprovidedtemp =―――――――

⋅⋅―
π
4

⎛⎝d18bar⎞⎠
2 #bars

ft
20.004 ――

in 2

ft

Stem Reinforcement Calculations
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Stem Reinforcement Calculations

Stem calculations- modeling the stem as a Bearing Wall

Check axial load capacity of stem (treating it as a bearing wall)

≔f'c 4 ksi

≔Ag =tstem 38 in analyzing 1 ft strip

ACI Code Section 14.5.2
-laterally braced at both ends (footing resisting translation, and 
bridge/soil acting a diaphram) 
-footing also resists rotation

≔k 1

≔lc =--Hw 2 ft tstem 26.333 ft clear vertical distance 
between lateral supports

≔h tstem

≔ϕ 0.65 ACI Code Section 9.3.2.2 for other type of member

≔ϕPn =⋅⋅⋅⋅0.55 ϕ f'c Ag

⎛
⎜
⎝

-1 ――
⋅k lc
⋅32 h

⎞
⎟
⎠

2

357.206 ――
kip
ft

Axial load capacity 
(ACI eq. 14-1)

≔DL =――――
―――
Wbridge

2
Wabutment

1.256 ――
kip
ft

≔LL =――――
WH10Truck

Wabutment

1.667 ――
kip
ft

≔Pu =+⋅1.2 DL ⋅1.6 LL 4.174 ――
kip
ft

Required axial strength of stem

Since the capacity is way greater than the required strength, this is 
GOOD

Rebar in stem ACI Code Section 14.3.2

Non-Commercial Use Only
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Rebar in stem ACI Code Section 14.3.2

Vertical Reinforcement

≔Av 0.79 in 2 Using #8 bars to be conservative since our wall 
doesn't rely on rebar for axial strength

≔shmax =――――
Av

⋅0.0012 h
17.325 in

≔sh 16 in horizontal spacing of vertical rebars in stem

≔#Bars =――――――――――
--(( +40 ft 4 in)) ⋅2 co ⋅2 0.5 in

sh
29.813

≔#VerticalBars 29 going from edge of heel bending up through 
stem, and from edge of toe up through 
stem, for a total of 29x2 #8 bars varying in 
length

Horizontal Reinforcement ACI Code Section 14.3.3

≔Ah 0.79 in 2 Using #8 bars to be conservative since our wall 
doesn't rely on horizontal reinforcement for strength 
calculations

≔svmax =――――
Ah

⋅0.0020 h
10.395 in

≔sv 10 in

≔#HorizontalBars =――――――――
---Hw tf ⋅2 co ⋅2 0.5 in

sv
33.3

≔#HorizontalBarsTensionSide 34 3 inches away from tension 
face of the stem (#8 Bars)

≔#HorizontalBarsCompressionSide =――――――――――
----Hw 2 ft tf ⋅2 co ⋅2 0.5 in

sv
30.9

≔#HorizontalBarsCompressionSide 31 3 inches away from tension 
face (#8 Bars)

Non-Commercial Use Only
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Introduction 

This report documents the methodology used to analyze the intersections of the proposed 
trail with HWY 48, 200th Street, and West Coolbaugh. The purpose of the analysis is to determine 
if a traffic control signal is needed for any of the intersections. This analysis is performed in 
accordance with chapter 4C of the Manual for Uniform Traffic Control Devices (MUTCD). 
According to the MUTCD, there are nine warrants that must be considered when evaluating the 
necessity of a traffic control device. Additionally, a warrant analysis for the installation of 
pedestrian hybrid beacons at crosswalks is included. 

Methodology for Determining Traffic and Pedestrian Volumes 

 It is our estimate that this trail will be completed in the next few years, and to be 
conservative, we are estimating this project to be completed in 2022. The most current year for 
which traffic volumes are available, from the Iowa DOT (IDOT), for all the streets being crossed, 
is 2012. For analysis of the intersections, the traffic volumes at each intersection are projected to 
the completion year of 2022. The 2012 and 2022 projected traffic volumes are given in Table 1. 

Table 1: Vehicles/Day in 2012 & Projected to 2022

 

The future traffic volumes in Table 1 are determined using the equation, 

௣ݒ ൌ ௜ሺ1ݒ ൅ ݃ሻ௬,          (1) 

where vp is the projected volume, vi is the initial volume, g is the growth rate, expressed as a 
decimal, and y is the amount of years being projected forward. According to the US Census 
Bureau, the population in Red Oak is slowly trending down, and has been for about the past fifteen 
years. However, to be conservative, a growth rate of one percent is used for the purpose of this 
analysis. Since hourly traffic volumes are not available from the IDOT, we are using data provided 
by the National Household Travel Survey (NHTS), shown in Figure 1, to estimate hourly volumes. 
 

 



Figure 1: National Household Travel Survey Data 

Referring to Figure 1, by dividing the total trips at each given hour by sum of the total trips, we 
are able to estimate the percentage of trips for each hour of the day. Then, by multiplying the 
estimated percentage for each hour by the total projected volume of each street (from Table 1), we 
estimate the hourly traffic volumes in 2022 to be those presented in Table 2.  

Table 2: Hourly Traffic Volumes in 2022

 

The peak hour volume is the hour in which the traffic volume is the greatest. By our estimate, the 
peak hour occurs at 5:00 PM, which can be seen highlighted in red above in Table 2. The eight-
hour volume is the sum of volumes for every consecutive four-hour interval, and the four-hour 
volume is the same thing, but for every consecutive eight-hour interval. These volumes are given 
in Tables 3 and 4 on the following pages. 

 

 

 

 



Table 3: Eight-Hour Traffic Volumes in 2022

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4: Four-Hour Traffic Volumes in 2022

 

Since there is no data for pedestrian use on the existing trail, and we do not have the means 
to go out and observe this, we need to develop a way to estimate the pedestrian use of the trail. 
First, we estimate the population in Red Oak to be approximately 5,800 people in 2022. This is 
calculated by taking the most recent population estimate of Red Oak, which is 5,476 people in 
2016 according to the US Census Bureau, and then projecting this population to the year 2022, 
again using Equation 1 with a conservative one percent population growth. Next, we estimate the 
percentage of people in Red Oak that are of age and able to walk the trail. This is estimated by 
using US Census Data for 2016, provided in Table 5.  

Table 5: Population Distribution 

 



The 80.4% in Table 5 represents the percentage of the population that is of age and able to walk 
the trail, and it is calculated by summing the percentage of the population that is between five and 
sixty-four years old. Multiplying this percentage by the projection of about 5,800 people in 2022, 
we estimate about 4,670 potential trail users in Red Oak in 2022. However, not all of those people 
will actually use the trail; we estimate that fifty percent of the potential trail users may actually use 
the trail, though we do believe this estimate to be highly conservative. This brings the new number 
of potential trail users to 2,330 people. Not all of these people will be using the trail every single 
day, though. Our final adjustment is to multiply the number of potential trail users (2,330) by the 
fraction of 3/7. This accounts for the assumption that those that will use the trail will use it an 
average of three out of seven days a week, and it brings our daily pedestrian use estimate to a final 
total of approximately 1,000 people per day; again, we believe this to be a very conservative 
estimate. In order to determine the hourly distribution of these 1,000 people per day, we follow 
the same process as before with vehicle volumes, except we use the blue social/recreational line, 
since using the trail is primarily a recreational activity. The pedestrian distribution by hour is given 
in Table 6. 

Table 6: Hourly Pedestrian Volumes in 2022 

 

By our estimate, the peak pedestrian volume occurs at 6:00 PM, and this is highlighted in red in 
Table 6. The four-hour pedestrian volumes are found following the same methodology as 



mentioned earlier in this report for finding the four-hour vehicular volumes, and these volumes are 
given in Table 7. 

Table 7: Four-Hour Pedestrian Volumes in 2022 

 

The estimated traffic and pedestrian volumes in this methodology section are used to consider each 
of the following nine warrants for a traffic signal. The first intersection of Alix Street and HWY 
48 is the only intersection all of the warrants apply to, because it is the only intersection that has a 
major and minor road. Only warrant four applies to 200th Street and Coolbaugh, because 
pedestrians crossing these roads while using the trail is the only form of conflicting traffic. 

Warrant 1: Eight-Hour Vehicular Volume 

 This warrant considers the average hourly volume of vehicles during the peak eight-hour 
traffic period for the both the major and minor roads. Table 4C-1 from the MUTCD is used to 
check this warrant, and this table is given in Table 8 on the following page. 

 

 

 

 



Table 8: Eight-Hour Vehicular Volume Limits 

 

A traffic signal is warranted if the vehicles per hour given in both of the seventy percent columns 
of Condition A in Table 8 exist on the major street and the higher-volume minor street approaches, 
or if the vehicles per hour given in both of the seventy percent columns of Condition B in Table 8 
exist on the major street and the higher-volume minor street approaches. The first row of condition 
A and B in Table 8 applies to the intersection of HWY 48 and Alix Street, since there is only one 
lane in each direction for both roads. There is no IDOT information available on the traffic volumes 
of Alix Street, however, by our engineering judgement, we do not expect to see volumes that 
exceed 105 vehicles per hour (VPH) in one direction during any hour of a typical day. Therefore, 
condition A in Table 8 is not met. For condition B, the greatest eight-hour projected volume on 
Alix Street is 4,187 vehicles (from Table 3), and the hourly average for this peak eight-hour period 
comes out to be 524 vehicles, which is less than the 525 vehicle threshold. Thus, condition B is 
not met, either, so warrant one does not indicate a need for a traffic signal. 

Warrant 2: Four-Hour Vehicular Volume 

 According to the MUTCD, the four-hour vehicular volume signal warrant conditions are 
intended to be applied where the volume of intersecting traffic is the principal reason to consider 
installing a traffic control signal. The need for a traffic control signal shall be considered if for 
each of any four hours of an average day, the plotted points representing the vehicles per hour on 
the major street (total of both approaches) and the corresponding vehicles per hour on the higher-
volume minor street approach (one direction only) all fall above the applicable curve in Figure 2, 
on the following page. 

 

 



 

Figure 2: Four Hour Vehicular Volume 

The greatest projected four-hour vehicular volume on HWY 48 is 2,233 vehicles (from Table 4), 
and this comes out to be about 560 VPH during that period. This volume allows for approximately 
just over 100 VPH in one direction on Alix Street to remain below the “one lane and one lane” 
curve. By our engineering judgement, we do not expect to see vehicular volumes exceed 100 VPH 
in one direction on Alix Street during any typical one-hour period of a day. Therefore, this warrant 
is not satisfied. 

Warrant 3: Peak Hour 

There are two categories, A and B, which must be considered for this warrant, and they 
come from the MUTCD: 

A. If all three of the following conditions exist for the same 1 hour of an average day: 
1. The total stopped time delay experienced by the traffic on one minor street 

approach (one direction only) controlled by a stop sign equals or exceeds: four 
vehicle-hours for a one-lane approach or five vehicle-hours for a two-lane 
approach; and 

2. The volume on the same minor street approach (one direction only) equals or 
exceeds 100 vehicles per hour for one moving lane of traffic or 150 vehicles 
per hour for two moving lanes; and 

3. The total entering volume serviced during the hour equals or exceeds 650 
vehicles per hour for intersections with three approaches or 800 vehicles per 
hour for intersections with four or more approaches. 

B. The plotted point representing the vehicles per hour on the major street (total of both 
approaches) and the corresponding vehicles per hour on the higher-volume minor street 
approach (one direction only) for one hour of an average day falls above the applicable 
curve in Figure 3, on the following page, for the existing combination of approach 
lanes. 



Condition 2 in category A is not satisfied, since we do not expect vehicular volumes to exceed 100 
VPH on Alix Street during any hour throughout a typical day. Category B requires the use of 
Figure 3. 

 

Figure 3: Peak Hour Vehicular Volumes 

The peak hour traffic flow on HWY 48 is estimated to be 584 vehicles (from Table 2). In order for 
this condition to be met, there would need to be approximately 170 vehicles in one direction during 
that same hour on Alix Street. We do not expect to see nearly that many vehicles on Alix Street 
moving in one direction for any hour, thus condition B is not met, either. 

Warrant 4: Pedestrian Volume 

 As previously mentioned, this is the only warrant that applies to all of the roads the 
proposed trail crosses. The MUTCD intends this warrant for application where the traffic volume 
on a major street is so heavy that pedestrians experience excessive delay in crossing the major 
street. The need for a traffic control signal at a crossing shall be considered of one of the following 
criteria is met: 

A. For each of any four hours of an average day, the plotted points representing the 
vehicles per hour on the major street (total of both approaches) and the corresponding 
pedestrians per hour crossing the major street all fall above the curve in Figure 4; or 

B. For one hour of an average day, the plotted point representing the vehicles per hour on 
the major street (total of both approaches) and the corresponding pedestrians per hour 
crossing the major street falls above the curve in Figure 5. 

The peak projected four-hour pedestrian volume is 337 pedestrians during the hours of 4:00 PM 
through 7:00 PM. This comes out to about 85 pedestrians per hour (PPH). The corresponding four 
hour traffic volume is 1901 vehicles, which comes out to approximately 475 VPH. Plotting this 
point on Figure 4, on the following page, we see that the point falls well below the curve. 
Therefore, condition A is not satisfied. 



 

Figure 4: Pedestrian Four-Hour Volume 

For condition B, the projected peak pedestrian volume is 93 people (from Table 6) during the peak 
hour of 6:00 PM. The corresponding peak traffic volume at 6:00 PM is 430 vehicles. Plotting this 
point on Figure 5 below, we find that the point is well below the curve. All other hours have 
pedestrian volumes below 93 people, so no other points will fall above the curve in Figure 5. Thus, 
condition B is not met. 

 

Figure 5: Pedestrian Peak Hour 

Warrant 5: School Crossing 

 Per the MUTCD, this warrant is intended for application where the fact that schoolchildren 
cross the major street is the principal reason to consider a traffic signal. The nearest school is about 
half a mile away, and there are no homes within walking distance to the west of HWY 48. Thus, 
by our engineering judgement, we do not anticipate schoolchildren crossing this intersection to get 
to or from school, therefore, we do not believe this warrant to be met. 



Warrant 6: Coordinated Signal System 

The MUTCD states that this warrant shall be considered if on a two-way street, adjacent 
traffic control signals do not provide the necessary degree of platooning and the proposed and 
adjacent traffic control signals will collectively provide a progressive operation. Since there is a 
stop sign located approximately 900 feet north of the intersection of HWY 48 and Alix Street, and 
a stoplight located about 1,500 feet south of the intersection, we do not believe platooning of the 
vehicles to be an issue. 

Warrant 7: Crash Experience 

Alix Street is a minor road, it has proper traffic control with the current stop sign, and there 
is good visibility in all direction for all approaches. Therefore, we do not believe crashes to warrant 
a traffic signal. 

Warrant 8: Roadway Network 

This warrant considers the intersection of two or more major routes. Since HWY 48 is the 
only major route, this warrant can be dismissed. 

Warrant 9: Intersection Near a Grade Crossing 

This warrant considers intersections that are within 140 feet of a railroad crossing. The 
intersection of HWY 48 and Alix Street is much further from the nearest railroad crossing, so this 
warrant does not apply. 

Pedestrian Hybrid Beacon Warrant Analysis 

A pedestrian hybrid beacon is a yield sign that has flashing yellow lights affixed to it, which 
are activated by pedestrians pushing a button. These beacons are warranted if the plotted point 
representing the vehicles per hour on the street and the corresponding number pedestrians crossing 
that street fall above the applicable curve in Figure 6. 



The maximum projected vehicles per hour on HWY 48 is approximately 580 vehicles, from Table 
2, and the corresponding projected pedestrian volume is about 90 pedestrians. The point 
corresponding with these estimates fall well below the corresponding curve. Since this is the most 
extreme condition, none of the other hourly volumes will fall above the curve; therefore, a 
pedestrian hybrid beacon is not warranted for installation at any crosswalks. 

Conclusion and Recommendations 

None of the nine traffic signal warrants were met, and the vehicular and pedestrian volumes 
we used are believed to be very conservative projections. Combining this with our own 
observations of the intersections during our site visit, we do not believe any of the intersections or 
pedestrian crossings for the proposed trail to warrant the installation of a traffic signal. Pedestrian 
hybrid beacons are not believe d to be necessary, either. That being said, we do have three 
pedestrian crossings in which pedestrians will be crossing relatively high-speed roads. 
Accordingly, we will be designing the pedestrian crossings with this in mind, and we will be paying 
attention to signage, detectable warnings, warning lights, illumination of the intersections, and 
sight distances, for both vehicular and pedestrian traffic, in order to assure the highest level of 
safety for everyone. 



*Population is consistently trending down slowly for at least the last 15 years according to the US Census Bureau, so 1% growth is probably safe to assume

Table 3: 4‐hour Table 4: 8‐hour

Table 1 Table 2 Pedestrian Use Estimation

HWY 48 200th St. Coolbaugh HWY 48 200th St. Coolbaugh

HWY 48 200th St. Coolbaugh 1% Growth 2% Growth 3% Growth 12 AM through 3 AM 51 16 5 12 AM through 7 AM 905 280 84 Population in 2016 5476 from US Census Bureau

12:00 AM 800 0.34% 25 8 2 HWY 48 6500 7180 7923 8735 1 AM through 4 AM 63 19 6 1 AM through 8 AM 1292 399 119 1% Growth to 2022 5813

1:00 AM 500 0.21% 15 5 1 200th St. 2010 2220 2450 2701 2 AM through 5 AM 146 45 13 2 AM through 9 AM 1669 516 154 2% Growth to 2022 6167

2:00 AM 200 0.09% 6 2 1 Coolbaugh 600 663 731 806 3 AM through 6 AM 385 119 36 3 AM through 10 AM 2093 647 193 3% Growth to 2022 6539

3:00 AM 150 0.06% 5 1 0 *2012 is the most recent year with information from the DOT 4 AM through 7 AM 854 264 79 4 AM through 11 AM 2580 798 238

4:00 AM 1200 0.51% 37 11 3 5 AM through 8 AM 1229 380 113 5 AM through 12 PM 3084 954 285 National Median Age 37.9 years US Census 2016

5:00 AM 3200 1.37% 98 30 9 Growth Rate 6 AM through 9 AM 1524 471 141 6 AM through 1 PM 3477 1075 321 Red Oak Median Age 39.8 years from master plan

6:00 AM 8000 3.42% 246 76 23 0.01 per year n = v*(1+r)^y 7 AM through 10 AM 1708 528 158 7 AM through 2 PM 3738 1156 345

Peak AM Hour 7:00 AM 15400 6.59% 473 146 44 0.02 per year where,  8 AM through 11 AM 1726 534 159 8 AM through 3 PM 3827 1184 353 A majority of 60 people surveyed walked at least 2 times a week    ‐‐‐‐>>

8:00 AM 13400 5.73% 412 127 38 0.03 per year 9 AM through 12 PM 1855 574 171 9 AM through 4 PM 3996 1236 369

9:00 AM 12800 5.48% 393 122 36 Base year is 2012 10 AM through 1 PM 1954 604 180 10 AM through 5 PM 4187 1295 386 Age (years) Percentage

10:00 AM 14000 5.99% 430 133 40 10 years r= growth rate 11 AM through 2 PM 2030 628 187 11 AM through 6 PM 4187 1295 386 Under 5 6.5%

11:00 AM 16000 6.84% 491 152 45 Projecting 10 years to 2022 y = # of years being projected 12 PM through 3 PM 2101 650 194 12 PM through 7 PM 4002 1238 369 5 to 17 17.5% US Census 2016

12:00 PM 17600 7.53% 541 167 50 1 PM through 4 PM 2141 662 198 1 PM through 8 PM 3695 1143 341 18 to 24 9.9%

1:00 PM 16000 6.84% 491 152 45 2 PM through 5 PM 2233 691 206 2 PM through 9 PM 3360 1039 310 25 to 44 26.6%

2:00 PM 16500 7.06% 507 157 47 3 PM through 6 PM 2156 667 199 3 PM through 10 PM 2952 913 272 45 to 64 26.4%

3:00 PM 18300 7.83% 562 174 52 4 PM through 7 PM 1901 588 176 4 PM through 11 PM 2448 757 226 65 and older 13.0%

4:00 PM 18900 8.09% 581 180 54 5 PM through 8 PM 1554 481 143 5 PM through 12 AM 1892 585 175 80.4%

Peak PM Hour 5:00 PM 19000 8.13% 584 180 54 6 PM through 9 PM 1127 349 104 6 PM through 1 AM 1324 409 122

6:00 PM 14000 5.99% 430 133 40 7 PM through 10 PM 796 246 73 7 PM through 2 AM 900 278 83

7:00 PM 10000 4.28% 307 95 28 8 PM through 11 PM 547 169 50 8 PM through 3 AM 597 185 55 Population that is of age to walk trail

8:00 PM 7600 3.25% 233 72 22 9 PM through 12 AM 338 104 31 9 PM through 4 AM 401 124 37 4674 * (Z22*Z6)

9:00 PM 5100 2.18% 157 48 14 10 PM through 1 AM 197 61 18 10 PM through 5 AM 342 106 32 Number of potential trail users

10:00 PM 3200 1.37% 98 30 9 11 PM through 2 AM 104 32 10 11 PM through 6 AM 490 152 45 2337

11:00 PM 1900 0.81% 58 18 5

Total 233750 100.00% 7180 2220 663 Adjustment assuming people walk three out of seven days

1001 * (Z27*(3/7))

HWY 48 is 40 mph posted

200th St. is 45 mph posted Table 5

Coolbaugh is 35mph posted Table 6 Hour Trips/Day (from Figure 12) Percentage Pedestrians/Hour

Time 12:00 AM 300 0.61% 6 *equals 1001*percentage

12 AM through 3 AM 1:00 AM 200 0.41% 4

*posted or 85th percentile speed of all intersections exceeds 35mph so use graphs 4C‐6 & 4C‐8 (pg 442 MUTCD) 1 AM through 4 AM 2:00 AM 20 0.04% 0

2 AM through 5 AM 3:00 AM 10 0.02% 0

3 AM through 6 AM 4:00 AM 0 0.00% 0

4 AM through 7 AM 5:00 AM 300 0.61% 6

*No traffic signal is warranted, as none of the 9 traffic warrants in the MUTCD are satisfied 5 AM through 8 AM 6:00 AM 500 1.01% 10

*Still should consider some sort of signage/ligths to alert drivers of crossing pedestrians 6 AM through 9 AM 7:00 AM 1200 2.43% 24

7 AM through 10 AM 8:00 AM 1900 3.85% 39

8 AM through 11 AM 9:00 AM 2200 4.46% 45

9 AM through 12 PM 10:00 AM 2600 5.27% 53

10 AM through 1 PM 11:00 AM 3300 6.69% 67

11 AM through 2 PM 12:00 PM 3800 7.70% 77

12 PM through 3 PM 1:00 PM 3200 6.49% 65

1 PM through 4 PM 2:00 PM 3100 6.28% 63

2 PM through 5 PM 3:00 PM 3200 6.49% 65

3 PM through 6 PM 4:00 PM 3800 7.70% 77

4 PM through 7 PM 5:00 PM 4400 8.92% 89

5 PM through 8 PM 6:00 PM 4600 9.32% 93

6 PM through 9 PM 7:00 PM 3800 7.70% 77

7 PM through 10 PM 8:00 PM 3000 6.08% 61

8 PM through 11 PM 9:00 PM 2000 4.05% 41

9 PM through 12 AM 10:00 PM 1200 2.43% 24

10 PM through 1 AM 11:00 PM 700 1.42% 14

11 PM through 2 AM Total 49330 100.00% 1001

Supporting Calculations for Warrant Analysis

* This column is estimated 

using soc./rec. totals from 

Figure 12 to estimate 

hourly use

Using 50% of population that is of age to walk 

trail (Z25*0.5)*Sums the totals from Table 1 for 

specified time period

*Sums the totals from Table 1 for 

specified time period

*Sums the totals from 

Table 6 for specified time 

period

Percentage of population that may use trail 

(assumes under 5 is too young and over 64 is 

too old)

Estimate 

50% (of 

those that 

are able/of 

appropriate 

age)     

*those that 

were 

surveyed 

Traffic Volume 2022
Time Time

Pedestrians in 2022

Veh/Hour in 2022 Veh/Day Projected to 2022

Traffic Volume in 2022

*population projected using equation:

n = projected # of vehicles

v = current volume

*veh/hour in Table 1 above calculated 

by taking projected volumes in 2022 

(from table 2) and multiplying that 

number by the percentage

270

272

262

242

Hour Veh/Hour (from Figure 12) Percentage Veh/Day in 2012Street

321

337

325

294

270

16

7

5

11

203

160

118

79

41

25

49

85

140

203

272



Appendix D: 

BNSF At-Grade Crossing Construction 
Requirements  









 

 

 

 

 

Appendix E: 

Summary of Design Requirements 

 

 

 

 

 

 

 

 

 

 



Primarily a Type 3 trail, may be Type 1 trail for beginning portion not on levee the is near road

12‐B.B

Trail

Width 10‐14 ft 12B‐2.C.1 10' minimum, ecommended is 11'. Going with 10' because top of levee is not very wide and there needs to be room for the shoulder

Depth 4‐5 in 12B‐2.C.2 minimum is 4", recommended is 5"

Cross Slope

Type 1 & 2 Requirements in section 12A‐2

Type 3 1.5% cross slope recommended, 1% minimum and 5% maximum. Cross slopes greater than 2% should be sloped to the inside of horizontal curves.

12B‐2.C.3

Separation of Roadway & Path 5 ft min, if less than 5 ft a barrier or railing is necessary 12B‐2.C.4

Lateral Clearance

2 ft min for lateral obstructions 12B‐2.C.5.a

6:1 max cross slope for shoulder area

1 ft min for lateral offset from barrier or rail

Vertical Clearance 10 ft 12B‐2.C.5.b (8 ft according to Iowa Trails 2000, so 10 ft is probably safe)

Shoulder Width 2 ft min with max cross slope of 6:1 12B‐2.C.6

Safety Rails 42 in min 12B‐2.C.7

Design Speed & Horizontal Curves 12B‐2.C.8

Vertical Alignment 12B‐2.C.8

Accessibility Requirements 12A‐2 (curb ramps and detectable warnings)

Curb Ramps 12A‐2.E.4.b Detectable Warnings 12A‐2.E.6

Parking 12A‐2.H

Surface 12B‐2.E

At‐Grade Crossing 12B‐2.G

From part 8D Pathway Grade Crossing of the MUTCD

https://mutcd.fhwa.dot.gov/htm/2009/part8/part8_toc.htm

Drainage 12B‐2.H Shouldn't be an issue along levee beause the purpose of the levee is to block drainage

Iowa Trails 2000 DOT Collector Road Crossing Layout

Pavement Markings 12B‐2.J *In Transverse Markings Section fo the MUTCD

Crosswalk Makings

width 6‐24 in

length as wide as the crossing (trail)

Signage 12B‐2.K *pg 46 and 107 of MUTCD has sign sizes and code numbers

there are regulatory and warning sign types

https://mutcd.fhwa.dot.gov/HTM/2003r1/part2/part2‐toc.htm

Warning sign placement https://mutcd.fhwa.dot.gov/HTM/2003r1/part2/part2c.htm#figure2C10

Mounting Height

7 feet *2A.18 MUTCD

6 feet if a secondary sign is also mounted

Lighting 12B‐2.L

*For crossings we need stop signs for trail, stop ahead sign for trail, crossing signs for roads

Pavement Markings:
https://iowadot.gov/design/SRP/CurrentBook/Sections/epm_section.pdf

Bridge

Width 10 ft needs to accommodate emergency vehicle

Vertical Clearance 23'‐6" minimum 5.2.1.a

Width of Vertical Clearance 9 ft minimum in each direction from the centerline of the existing or future tracks 5.2.1.a.1

Piers and Abutments must be located outside of the railroad right of way (100 ft wide) 5.2.2.b

Fencing 8 ft high for a curved fence or 10 ft high for a straight fence 5.4.a.2

openings should not exceed 2 in for a chain link fence 4.7.b.1

Drainage drainage shall be diverted away from the railroad right of way at all times 5.8.a

At Grade Rail Crossing

No new at grade crossings allowed 7.1.a

At grade crossings immediately adjacent to existing public roadways with existing warning devices are allowed 7.1.b

Pavement Marking Dimensions https://mutcd.fhwa.dot.gov/htm/2003r1/part8/fig8b‐07_longdesc.htm

Signage https://mutcd.fhwa.dot.gov/htm/2009/part8/part8b.htm#figure8B01
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Category Item Quantity Units Unit Price Cost

Structural Concrete 302.0 CY 500.00$           151,000$        

Reinforcing Steel 39070 LB 0.90$               35,163$          

Biaxial Geogrid 404 SY 4.50$               1,818.00$       

Geotechnical Investigation 1 LS 5,000.00$        5,000.00$       

Granular Backfill 6,314.0 CY 40.00$             252,560.00$  

Concrete 1739.0 CY 350.00$           608,650$        

Safety Rail ‐ 42 in. high steel, primed, straight & level 740 LF 170.00$           125,800.00$  

Excavation 304 CY 6.05$               1,839.20$       

6" Deep, 3/4 in. Stone Subbase 210 CY 40.00$             8,400.00$       

Sign Plaques 1 LS 1,400.00$        1,400.00$       

Sign Posts 17 Each 42.00$             714.00$          

Sign Anchors 17 Each 26.00$             442.00$          

Collapsible Bollards 30" Tall 5 Each 300.00$           1,500.00$       

Pavement Markings 12722 LF 0.17$               2,162.74$       

Detectable Warnings 120 SF 14.40$             1,728.00$       

Installation of signs, bollards, pavement markings 1 LS 2,000.00$        2,000.00$       

Materials, Fabrication, and Delivery 1 LS 107,000.00$   107,000.00$  

Bridge Placement 1 LS 65,000.00$     65,000.00$    

Concrete  72 CY 350.00$           25,200.00$    

6" Deep, 3/4 in. Stone Subbase 84 CY 40.00$             3,360.00$       

1,400,737$    

Category Item Quantity Units Unit Price Cost

Granular Backfill 5,577.0 CY 40.00$             223,080.00$  

Concrete 1788.0 CY 350.00$           625,800$        

Safety Rail ‐ 42 in. high steel, primed, straight & level 450 LF 170.00$           76,500.00$    

Excavation 313 CY 6.05$               1,893.65$       

6" deep 3/4 in. stone subbase 565 CY 40.00$             22,600.00$    

Sign Plaques 1 LS 2,000.00$        2,000.00$       

Sign Posts 21 Each 42.00$             882.00$          

Sign Anchors 21 Each 26.00$             546.00$          

Collapsible Bollards 30" Tall 5 Each 300.00$           1,500.00$       

Pavement Markings 13403 LF 0.17$               2,278.51$       

Detectable Warnings 160 SF 14.40$             2,304.00$       

Installation of signs, bollards, pavement markings 1 LS 2,500.00$        2,500.00$       

Concrete  72 CY 350.00$           25,200.00$    

6" deep 3/4 in. stone subbase 84 CY 40.00$             3,360.00$       

990,444$        

At‐Grade Alternative w/ Concrete

Trail

Parking Lot

Construction Total

Construction Total

Bridge Alternative w/ Concrete

Parking Lot

Bridge

Abutments

Trail



Category Item Quantity Units Unit Price Cost

Structural Concrete 302.0 CY 500.00$           151,000$        

Reinforcing Steel 39070 LB 0.90$                35,163$          

Biaxial Geogrid 404 SY 4.50$                1,818.00$       

Geotechnical Investigation 1 LS 5,000.00$        5,000.00$       

Granular Backfill 6,314.0 CY 40.00$             252,560.00$  

Hot Mix Asphalt 3404.0 TON 75.00$             255,300$        

Safety Rail ‐ 42 in. high steel, primed, straight & level 740 LF 170.00$           125,800.00$  

Excavation 304 CY 6.05$                1,839.20$       

6" Deep 3/4 in. Stone Subbase 210 CY 40.00$             8,400.00$       

Asphalt Paving 4118 SY 24.00$             98,832.00$    

Sign Plaques 1 LS 1,390.00$        1,390.00$       

Sign Posts 17 Each 42.00$             714.00$          

Sign Anchors 17 Each 26.00$             442.00$          

Collapsible Bollards 30" Tall 5 Each 300.00$           1,500.00$       

Pavement Markings 12722 LF 0.17$                2,162.74$       

Detectable Warnings 120 SF 14.40$             1,728.00$       

Installation of signs, bollards, pavement markings 1 LS 2,000.00$        2,000.00$       

Materials, Fabrication, and Delivery 1 LS 107,000.00$   107,000.00$  

Bridge Placement 1 LS 65,000.00$     65,000.00$    

Hot Mix Asphalt 140 TON 75.00$             10,500.00$    

Asphalt Paving 166 SY 24.00$             3,984.00$       

6" Deep 3/4 in. Stone Subbase 84 CY 40.00$             3,360.00$       

1,135,493$    

Category Item Quantity Units Unit Price Cost

Granular Backfill 6,314.0 CY 40.00$             252,560.00$  

Hot Mix Asphalt 3500.0 TON 75.00$             262,500$        

Asphalt Paving 4244.0 SY 24.00$             101,856$        

Safety Rail ‐ 42 in. high steel, primed, straight & level 450 LF 170.00$           76,500.00$    

Excavation 565 CY 6.05$                3,418.25$       

6" Gravel Subbase 565 CY 40.00$             22,600.00$    

Sign Plaques 1 LS 2,000.00$        2,000.00$       

Sign Posts 21 Each 42.00$             882.00$          

Sign Anchors 21 Each 26.00$             546.00$          

Collapsible Bollards 30" Tall 5 Each 300.00$           1,500.00$       

Pavement Markings 13403 LF 0.17$                2,278.51$       

Detectable Warnings 160 SF 14.40$             2,304.00$       

Installation of signs, bollards, pavement markings 1 LS 2,500.00$        2,500.00$       

Hot Mix Asphalt 140 TON 75.00$             10,500.00$    

Asphalt Paving 166 SY 24.00$             3,984.00$       

6" deep 3/4 in. stone subbase 84 CY 40.00$             3,360.00$       

749,289$        

At‐Grade Alternative w/ Asphalt

Trail

Parking Lot

Construction

Construction Total

Bridge alternative w/ Asphalt

Abutments

Trail

Bridge

Parking Lot



Bridge Alternative Property Acquisition Costs

Name of Landowner Parcel ID Acres Needed Listing Price ($/acre) 10 % Market Value ($/acre) Total

Evan & Debra Belt 620200018 1.048 2,038$                            2,242$                                         2,349$    

Iowa DOT 620426008 0.441 1,000$                            1,100$                                         485.10$  

2,834$    

At Grade Property Acquisition

Name of Landowner Parcel ID Acres Needed Listing Price ($/acre) 10 % Market Value ($/acre) Total

Evan & Debra Belt 620200018 1.048 2,038$                            2,242$                                         2,349$    

Tiffany Powell 620200013 1.624 931$                               1,025$                                         1,664$    

Tiffany Powell 620200014 0.6 1,183$                            1,302$                                         781$       

Tiffany Powell 620402006 0.202 1,771$                            1,948$                                         393.55$  

5,188$    

Property Acqusition Total

Property Acqusition Total



Trail Accessories Cost Estimate
diamond 10+

https://www.ricesigns.com/warning/symbol‐warning‐signs/w11‐2.htm engineering up to 7

prismatic 7 to 10

Code # of Signs Cost/Unit Cost for All Durability https://safety.fhwa.dot.gov/roadway_dept/night_visib/policy_guide/sign_15mins/

R1‐1 6 22.61$       135.66$       7‐10 y Sign reflectivity requirements

R1‐1 1 81.40$       81.40$         7‐10 y

W3‐1 4 85.20$       340.80$       7‐10 y

W11‐2 8 74.10$       592.80$       7‐10 y

W11‐2 4 91.90$       367.60$       7‐10 y

W16‐7P 6 27.84$       167.04$       7‐10 y

W16‐9P 6 29.30$       175.80$       7‐10 y

R15‐1 2 141.30$    282.60$       7‐10 y

R15‐2P 2 63.60$       127.20$       7‐10 y

W10‐1 2 64.50$       129.00$       7‐10 y

R1‐2 2 36.30$       72.60$         7‐10 y

Total for Bridge Alt. 35 1,861.10$  

Total for At Grade alt. 43 2,472.50$  

10' Square 2"x2" Sign Posts # Ind. Cost Total https://www.ricesigns.com/warning/symbol‐warning‐signs/w11‐2.htm

Bridge Alt. 23 41.78$         960.94$      

At Grade Alt. 27 41.78$         1,128.06$  

Sign Anchor Bases # Ind. Cost Total

Bridge Alt. 23 26.00$         598.00$      

At Grade Alt. 27 26.00$         702.00$       *Heavy base supports that don't ppenetrate ground for stop ahead warning signs on levee?

Collapsible Bollards # Ind. Cost Total http://www.belson.com/Collapsible‐Bollards

30" Tall 5 298.00$       1,490.00$  

48" Tall 5 323.00$       1,615.00$  

*Gotta chose a type; can't find standards

Cost/lin. ft Linear ft Total Cost

Pavement Markings 0.17$        Bridge 12875 2,214.50$   https://www.fhwa.dot.gov/publications/research/safety/humanfac/04142/costest.cfm

At Grade 13588 2,337.12$  

Crosswalks

Linear ft/10' x 2' crosswalk stripe 60 ft *assuming each linear paint stripe is 4" wide

# of crosswalk stripes/lane crossed 3

Total number of lanes crossed 8

Total number of crosswalk stripes 24

Total linear ft for crosswalks 1440 ft

Bridge Alt. At Grade Alt.

Stop Lines Total cost for Trail Accessories 8,851.21$       10,431.90$    

Linear ft/5' x 2' stop line 30 ft

# of 5' stop lines 5

Linear ft/2.5' x 2' stop line 15 ft

# of 2.5' stop lines 1

Total linear ft for stop lines 165 ft

Railroad Markings

Linear ft/10' x 2' railroad line 60 ft

# of railroad lines 2

Linear ft for railroad X markings 273 ft

Total linear ft of railroad markings 393 ft

Trail Centerline

Bridge Alt. 11270 ft

At Grade Crossing Alt. 11590 ft

Detectible warnings https://www.ada.gov/regs2010/RIA_2010regs/ria_appendix03.htm

Cost/sq ft 14.39$     

Sq ft/10' x 2' detectable warning 20 sq ft

# of 10' x 2' detectable warnings

Bridge Alt. 6

At grade Alt. 8

Total cost for detectable warnings

Bridge Alt. 1,726.67$  

At grade Alt. 2,302.22$  

https://www.uline.com/Product/Detail/H‐5517/Outdoor‐Signs‐and‐Accessories/Squar‐Sign‐Post‐Anchor‐Base‐

3?pricode=WA9874&gadtype=pla&id=H‐5517&gclid=EAIaIQobChMIw57PofLC2gIViZ‐

‐10 to 130

‐10 to 130

‐10 to 130

‐10 to 130

High Intensity Prismatic

High Intensity Prismatic

High Intensity Prismatic

High Intensity Prismatic

High Intensity Prismatic

‐10 to 130

‐10 to 130

‐10 to 130

‐10 to 130

‐10 to 130

24" x 4 1/2"

4 1/2" x 4 1/2"

15"

18" x 18" x 18"

High Intensity Prismatic

High Intensity Prismatic

High Intensity Prismatic

High Intensity Prismatic

High Intensity Prismatic

High Intensity Prismatic

Number of Tracks (1)

Advance Grade

Yield

18" x 18"

36" x 36"

18" x 18"

30" x 30"

36" x 36"

24" x 12"

24" x 12"

Stop Ahead

Pedestrian Warning Single Lane

Pedestrian Warning Multiple Lanes

Downward Arrow

"Ahead"

Crossbuck (Trail)

Stop (Street)

Sign Plaque Dimensions Grade of Reflective Aluminum Service Temperature

Stop (Trail) ‐10 to 130

‐10 to 130



 

 

 

 

 

Appendix G: 

Bibliography 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

References 

ACI Committee 318. (2014). Building code requirements for structural concrete (ACI 318-14): 
An ACI standard: Commentary on building code requirements for structural concrete 
(ACI 318R-14): An ACI report. Farmington Hills: American Concrete Institute. 

BNSF Railway Company. (2017, May). Guidelines for Industry Track Projects. Retrieved spring, 
2018, from https://www.bnsf.com/ship-with-bnsf/ways-of-shipping/pdf/indytrkstds.pdf 

Iowa Department of Transportation. (2016, October 18). Pavement Markings. Retrieved spring, 
2018, from https://iowadot.gov/design/SRP/CurrentBook/Sections/epm_section.pdf 

Iowa Department of Transportation. (2018). Office of Contracts. Retrieved spring, 2018, from 
https://iowadot.gov/contracts/historical-completed-lettings/bid-tabs 

Iowa Department of Transportation. (2000). Iowa Trails 2000. Retrieved spring, 2018, from 
https://iowadot.gov/iowabikes/trails/chapter-four-design-guidelines/section-5-crossings 

Iowa Department of Transportation. (n.d.). Office of Design. Retrieved spring, 2018, from 
https://iowadot.gov/design/design-manual 

RSMeans Engineering Staff. (2015). RSMeans Site Work & Landscape Cost Data 2016 (35th 
ed.). RSMeans. 

Statewide Urban Design and Specifications. (2012, October 16). Detectable Warning Placement. 
Retrieved spring, 2018, from https://iowadot.gov/erl/current/US/content/7030_210.pdf 

The Schneider Corporation. (2016). Beacon - Montgomery County, IA. Retrieved spring, 2018, 
from 
https://beacon.schneidercorp.com/Application.aspx?AppID=21&LayerID=151&PageTyp
eID=1&PageID=947 

Union Pacific Railroad, & BNSF Railway. (2016, May). Guidelines for Railroad Grade 
Separation Projects. Retrieved spring, 2018, from 
https://www.up.com/cs/groups/public/documents/document/pdf_rr_grade_sep_projects.p
df 

United States Department of Transportation Federal Highway Administration. (2012, May). 
Manual on Uniform Traffic Control Devices (MUTCD). Retrieved spring, 2018, from 
https://mutcd.fhwa.dot.gov/htm/2009/html_index.htm 

 

 

 

 

 

 



 

IX. Design Drawings 
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X. Design Renderings & Models 
 

 
Aerial of Alternative 1 Looking Northwest 

 

 
Aerial of Alternative 1 Looking Northeast 



 

 
HWY 48 Crossing Looking West 

 

 
HWY 48 Crossing Looking Northwest 



 

 
Approaching Bridge from North Side 

 

 
Aerial of Bridge & Levee Build-up Looking Northeast 



 

 
Aerial of Bridge & Levee Build-up Looking Southwest 

 

 
200th Street Crossing Looking North 

 



 

 
West Coolbaugh Crossing Looking North 

 

 
West Coolbaugh Crossing Street View 



 

 
At-grade Crossing Alternative Aerial Looking South 

 

 
At-grade Crossing Alternative Looking Northeast 



 

 
Parking Lot Looking Northwest 

 
 
 
 
 
 

Video Rendering (Digital File): 
 https://www.dropbox.com/s/0mp2dftizolrhbd/BridgeAlternativeNew.wmv?dl=0 
 

Image Renderings (Digital Files): 
https://www.dropbox.com/sh/552xrdqifss4gly/AABhr38N4KbQvBKZlEvdWM1Pa?dl=0 

 
 



United States Army Corps of Engineers  

Contact info: Jennifer Gitt, jennifer.l.gitt@usace.army.mil 

           Larry Boardman, larry.e.boardman@usace.army.mil 
 

Email sent from Larry Boardman to U of Iowa Students below: 

Austin, 
 
Jennifer Gitt forwarded your email regarding biking/running trails on federal levees to me. 
 
Many of our urban levees have biking/running trails on the levee crests; including Omaha, 
Council Bluffs, and the Papillion Creek system through the Omaha area.  Since the federal 
government's primary interest is to provide flood control, we do not construct the trails; 
however, the local levee Sponsors are allowed to fund, design, construct recreational features 
such as trail systems if they have the interest to do so. 
 
 The Corps of Engineers process for construction on or in the vicinity of a federal levee is that 
the local Sponsor, in your case, the City of Red Oak, would be responsible for receiving a design 
for a project, reviewing the project to assure that they are in agreement with the project, and 
then forwarding it to the Corps of Engineers for review and approval prior to 
construction.  Regarding agreements between the Corps of Engineers and the a local levee 
Sponsors, the following are two paragraphs that are typically included in our response memo's 
back to a Sponsor:  
 
"The Red Oak Flood Protection System is a congressionally authorized and federally constructed 
levee project along the Missouri River.  The City of Red Oak is the local sponsor that maintains 
and operates this levee system per agreement with the Corps of Engineers.   
 
The Corps of Engineers has a congressionally mandated responsibility to ensure that the 
federally constructed levees are appropriately operated and maintained.  No improvement shall 
be passed over, under, or through the walls, levees, improved channels or floodways, nor shall 
any excavation or construction be permitted within the limits of the project right-of way, nor 
shall any change be made in any feature of the works without prior approval of the Corps of 
Engineers." 
 
Regarding design considerations, the Corps of Engineers would review the design primarily to 
assure that the project does adversely affect the integrity of the federal flood control 
project.  For construction a trail on the levee crest, these considerations would include any 
cutting into the levee sideslopes, which could reduce seepage resistance or create slope stability 
concerns; any lowering of the levee profile; and any rutting of the levee crest or sideslopes. 



-  For a biking/running trail, access would obviously be very important.  At Red Oak, access at 
Oak Street and Coolbaugh Street would be relatively easy, but there would be major restrictions 
at Highway 34, the railroad closure structure, and the railroad embankment at the downstream 
end of the project that you would need to plan around.   
-  If access ramps on the levee sideslopes are required, a major consideration is that they do not 
cut into the existing levee cross section.  The slope of the ramp would typically be a minimum of 
1V:8H, with 1V:3H sideslopes.  The width of the ramps would need to be discussed with the 
levee Sponsor and dependent on the final end use.  If vehicle access on these ramps will be 
acceptable with the City, a minimum 10 foot width would be required.  Assuming that only 
bicycles and pedestrians will be allowed on the trail, a lesser width could be used.  The 
placement of bollards on the ramps would be a method to help keep unauthorized vehicles 
from using the ramps.  We typically would try to minimize the number of ramps, especially on 
the riverside of the levee where scour frequently occurs immediately downstream of riverside 
ramps during high water events. 
-  Another major consideration is that the project should not cut into the levee crest, thus 
lowering the authorized level of protection of the project. We would recommend that profile 
survey be performed along the entire length where construction activity would take place.  It 
would also be prudent to compare this survey with the project design and as-built survey.  This 
way the levee crest could be brought back to design grade prior to the trail construction in an 
instance where excess settlement or degradation of the levee crest has taken place.  To my 
knowledge, these conditions do not exist along the Red Oak levee.  Note that the levee crest 
height, in the viewpoint of the Corps of Engineers, will be the elevation of the earthen levee 
crest and not the elevation on top of trail surfacing. 
-  A surfacing material (granular, concrete, or asphalt) would be required.  A situation where 
rutting of the levee crest due to trail activity would not be allowed.  Most trails on levee crests 
that I have seen are concrete; however, I have also seen some asphalt.  The standard levee crest 
width is 10 feet with most trails being approximately 8 feet wide.  Although the intent of the trail 
will be for biking/walking/running, the design of the surfacing should be of sufficient strength 
and thickness to withstand the weight of vehicles (cars/pickup trucks) since the levee crest is 
also driven on for routine levee inspections, routine levee operation and maintenance, and flood 
fight surveillance.       
 
Hopefully this information will help and good luck with your project! 
 
Feel free to contact either Jennifer Gitt or myself if there is anything else that we can assist you 
with. 
 
Sincerely, 
 
 
 



Larry E. Boardman, P.E. 
Geotechnical Engineering Section 
Geotechnical Engineering and Sciences Branch, Omaha District, U.S. Army Corps of Engineers 
1616 Capitol Avenue 
Omaha, Nebraska 68102-4901 
Office Phone: 402-995-2241 

Burlington Northern Santa Fe Railway 

Contact info: calvin.nutt@BNSF.com 

Bridge Brothers 

Contact info: agentilucci@bridgebrothersinc.com 
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