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1.0 Project Description 

 
The Findlay Toyota Off-Highway Vehicle Park capstone project is a collaborative venture 

between the Findlay Toyota Auto Dealership in Flagstaff, Arizona and the Northern Arizona 

University Toyota 4Runners capstone team. The purpose of this project is to create a 

preliminary design of an off-highway vehicle (OHV) park to be built for Findlay Toyota, on which 

customers interested in test driving a Toyota vehicle with four-wheel drive (4WD) can 

experience the handling and features that Toyota 4WD vehicles have to offer.  

 

The client of this project, Findlay Toyota, wishes to use the Findlay Toyota OHV Park (FTP) to 

feature the off-road capabilities of the Toyota Tacoma pickup truck and the Toyota 4Runner 

Sport Utility Vehicle. The client would like the FTP to demonstrate 4WD features specific to 

Toyota, including the Hill Start Assist Control (HAC) and Crawl Control .  

 

The development and construction of the FTP aims to improve the Toyota 4WD test-driving 

experience as well as advertise the presence of the Findlay Toyota dealership.  It is the goal of 

the Findlay 4Runners capstone team with guidance from Findlay Toyota to design an OHV 

course that will increase the number of potential clients to Findlay Toyota and ultimately 

increase the sale of Toyota 4WD vehicles.  

 

1.1 Client and Stakeholders
 

The preliminary client of the Findlay OHV Park is the Findlay Toyota Auto Dealership in Flagstaff, 

Arizona. The client is represented by Mark Monthofer, Marketing/Fleet Director of the Findlay 

Auto Group, and all communication between the team and the client is done through this single 

point of contact.  

 

The Findlay Toyota OHV Park has four stakeholders relevant to the design and success of the 

project. The stakeholders are identified as the Findlay Toyota Auto Dealership, the Flagstaff 

Auto Park, the Northern Arizona Department of Civil Engineering, Construction Management, 

and Environment Engineering, as well as the clients and customers of Findlay Toyota. Factors 

that determined the stakeholders of the Findlay Toyota OHV Park include the location of the 

project, users of the FTP, as well as the beneficiaries of monetary and reputational gain 

resulting in the implementation of the Findlay Toyota OHV Park.  
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1.3 Project Site Location and Current Condition
 

The Findlay OHV park project is located at 5130 N. Test Dr., near the intersection of Test Dr. and 

Historic Rte. 66, on the Eastern side of Flagstaff, Arizona. The location of the project site within 

Flagstaff, AZ is outlined in red below in Figure 1: Project Site Location within Flagstaff, AZ. 

 
Figure 1: Project Site Location within Flagstaff, AZ  

 

The area for the project site is approximately 3.11 acres and is currently undeveloped, bar 

preliminary landscaping along Test Dr. to the West and water, sewer, natural gas, electrical, and 

fiber-optic telecom utilities present on the parcel. The water, sewer, and natural gas utilities are 

present in the form of utility stubs that enter the project site off of Test Dr. Arizona Public 

Service (APS) power lines  cross the project site next to the Eastern parcel boundary, with 

telecom fiber-optic cables running below-ground underneath the same lines. There are two 

steel utility poles on the project site that are approximately 2 ft in diameter and are located 

next to the Eastern parcel boundary. An aerial view of the project site taken from the Coconino 

Parcel Viewer can be seen below in Figure 2: Aerial View of the Project Site. 
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Figure 2: Aerial View of the Project Site  

 

 

The project site is located approximately 1/5th of a mile from The Findlay Toyota Dealership. 

The close proximity allows convenient access to the site by the client and valuable street 

visibility for Findlay Toyota.  

 

Being an undeveloped parcel, the parcel is populated by low-lying grasses and shrubs. Portions 

of the project site are bare, with gravel and man-made debris covering the ground. The surface 

debris includes sections of barbed wire, concrete and asphalt chunks, broken plastic geo-grid 

material, and trash from public dumping. A view of the site taken from Google Street View can 

be seen below in Figure 3: Street View of the Project Site. 
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Figure 3: Street View of the Project Site  

 

1.4 Project Design Considerations and Constraints
 

Through evaluation of the objectives of the project from the client, the team focused their 

research and design around five design considerations; project budget, course durability, year-

round usability, course feature variety, and course aesthetics. The project budget is the 

paramount design consideration set by the client. Findlay Toyota assigned all creative liberties 

regarding the layout and design of the FTP to the capstone team, with the only defined project 

consideration ensuring that the project budget remain as close to zero as possible. It is the 

client’s wish to construct the FTP at little or no cost to Findlay Toyota.  

 

The team developed an additional four project design considerations during the design process 

to ensure a usable, safe, and profitable final product. The ultimate goal was increasing Toyota 

4WD vehicle sales. Two of the design considerations, course durability and year-round usability, 

are considered to ensure that the FTP has a long design life, and maximum season of use. The 

features present in the FTP are designed to require little maintenance and no reset time after a 

vehicle travels through the course. To maximize the effect that the FTP has on potential clients 

of Findlay Toyota looking to purchase 4WD vehicles, the team aimed to create a wide variety of 

park features to justly demonstrate the off-road capabilities of Toyota 4WD vehicles. This 

includes considering features simulating varying terrain, as well as a suite of off-road scenarios 

that one would be expected to encounter. The final design consideration that the team focused 

on in developing the FTP is the assurance that the park will be aesthetically engaging to the 
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public. Findlay Toyota is interested in building an OHV course that not only provides potential 

clients a place to test drive Toyota 4WD vehicles, but that entices passersby into test driving a 

Toyota vehicle on the FTP.   

 

The client expressed a single project constraint to the team, which is to keep one-third of the 

lot undeveloped to avoid the potential of accidentally developing the parcel beyond the Eastern 

and Southern property boundaries.  

 

1.5 Project Exclusions
 

The team has identified five exclusions that are not included in the final project design. These 

exclusions consist of a utility plan, a traffic-impact analysis, a building/facilities plan, a course 

maintenance plan, and a landscaping plan. The team is not addressing these exclusions due to 

the time constraint of the project design.  

 

2.0 Project Background Research 

 
When it comes to OHV park design, there are no existing manuals or instructions as one might 

find with a motocross course. Therefore, the FTP relies on information from similar projects for 

park feature variety and design and the American Mud Racing Association for a portion of the 

park feature design. 

 

2.1 Similar Project
 

To gain realistic information on the design and layout of an OHV park team collected 

information on a local OHV park located at the Mormon Lake Lodge in Mormon Lake, AZ. The 

team visited the Mormon Lake OHV Park (MLP) on November 4th, 2016 with the Findlay Toyota 

Marketing Director Mark Monthofer. The team used photogrammetry to determine the 

dimensions of the features present at the MLP by placing an optical scale on a feature and 

capturing a high-resolution photograph. These photographs were then imported into Bluebeam 

Revu where they were adjusted to real-size using the optical scale and the dimensions of each 

feature were recorded. The Findlay Toyota OHV Park is designed based on the information on 

OHV park layout and features collected from the MLP.  
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3.0 Project Data Collection 

 
The team compiled information on the project site, municipal code, and effects of the 

development of the parcel in order to design the course to comply with local design code and 

be used as intended. 
 

3.1 Site Survey and Topographic Map Development
 

The team has done surveying work on the site to compile  topographical information, though it 

was not enough data to complete the topographic map required. The data collected only 

includes the general site layout but does not include any parking lot, sidewalk, curb, gutter, and 

utility stubs.  

 

 The team contacted the City of Flagstaff’s Engineering Department in order to get a 

topographic map of the area. The topographic map requested from the city contains many of 

the  features that are needed by the team to use for future purposes such as for drainage 

design grading. Additionally, the team created a topo map that included the elevations within 

the site. The city’s map as well as the team’s map can be seen in Appendix D: Maps. The team 

used information on the site orientation, property boundaries, and municipal and public utility 

setbacks obtained from the Coconino County Assessor's database as well as site plan sheets 

sent from the CoF City Engineer’s office. 

 

 

3.2 Code Review
 

The City of Flagstaff Title 13 Engineering Standards were used as a guide for designing parts of 

the OHV park. While a literature review of various of these standards were done, the ones that 

applied to our site and were actually used for design within the site are: parking, water, sewer 

and utilities, and stormwater management. City of Flagstaff’s low impact development manual 

was also part of the code review. The team has completed their review of city code and 

relevant sections will be brought up during the technical sections in which they were used. 

[1],[2]. 

 

The Americans with Disabilities Act (ADA) provides standards for accessible design which must 

be followed to be protected by the ADA. For the design of the OHV park, the standards 
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regarding parking will be the only applicable standards. Chapter 5 of the accessible design 

standards outlines the parking space dimensions requirements to be ADA compliant. Section 

502.2 defines the dimensions for both car and van parking spaces while section 502.3 provides 

the spacing requirements for access aisles [3]. 

 

3.3 Geotechnical Sampling and Analysis
 

To reduce the project costs associated with the delivery of soil and fill onto the project site, the 

team collected samples of the soil currently on the project site to determine if the current site 

material can be used for the track surface and park features. The desirable soil composition to 

be used in the FTP is defined by the Gravel Road Maintenance Manual published by the Maine 

Department of Environmental Protection Bureaus of Land Resources and Water Quality, which 

provides guidance regarding road surface and road base material. The recommended soil 

specifications from the park surface and base material are below in Table 1: Recommended 

Specification for Well-Graded Gravel Material for Roads 

 

Table 1: Recommended Specification for Well-Graded Gravel Material for Roads 

 
 

 

The team completed field testing and soil collection on February 25th, 2017, with the assistance 

of Geotechnical Engineering E.I.T. and technical advisor of the project, Jeremy DeGeyter. 
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Working with Jeremy DeGeyter, the team dug five test-pits on the project site at predetermined 

locations, shown in the Soil Boring Location Plan in Appendix E. The team used a CASE 580N 

backhoe and a ring sampler to collect seventeen individual samples of soil from the five test-

pits, with samples ranging in depth from ground level to 10’ below the surface of the project 

site. The types of soil samples collected include five 5-gallon bulk samples (one from each test 

pit), ten 1-gallon auger samples of soil that looked to have a distinctly different composition 

than a majority of the soils pulled from the test pits, and two ring samples of common soil from 

two of the test-pits. An example of a non-homogenous soil that was collected for sampling can 

be seen below in Figure 4: Non-homogeneous soil sample collected for testing 

 

 
Figure 4: Non-homogeneous soil sample collected for testing 

 

A list of items and tools that were used in the collection of soil samples from the project site 

can be found in appendix E, and seen on the next page in Figure 5: Equipment used to collect 

soil samples on the project site 
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Figure 5: Equipment used to collect soil samples on the project site 

Geotechnical testing of the soil was performed, with sieve analysis and Atterberg limits testing 

completed for all five of the bulk samples. The team used the professional soil testing 

procedures found in the US Army Corps of Engineers’ Laboratory Soils Testing manual [4], 

Gerjen Slim’s Geotechnical Engineering Laboratory Manual [5], as well as ASTM International 

Geotechnical Engineering Standards [6] to complete the soil geotechnical testing of the soil. As 

each laboratory test was conducted, the data was recorded in custom data sheets. The data 

collected from the results of the sieve analysis and Atterberg limits testing was used to classify 

the soils to both United States Department of Agriculture (USDA) and American Association of 

State Highway and Transportation Officials (AASHTO) classification standards [7],[8]. 

 

The results of the sieve analysis testing show that the soil collected on the project site are 

relatively homogeneous, with particle size distribution differing no more than 13%, as shown 

below in Figure 6: Equipment used to collect soil samples on the project site 
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Figure 6: Overlay of Particle Distribution Curves 

 

The data sheets from the sieve analysis and Atterberg limits testing can be found in Appendix G.  

 

The tables on the next pages, Table 2: Atterberg Limits Testing Results and Table 3: Sieve 

Analysis Testing Results show the results of the Atterberg limits testing as well as the sieve 

analysis.  
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Table 2: Atterberg Limits Testing Results 
 

Bore Location PL LL PI Notes 

B-1 19.4 25.7 6.3  

B-2 20.3 22.6 2.3  

B-3 24.5 34.9 10.4  

B-4 NA 27.9 NA Did not exhibit 
plasticity 

B-5 19.5 23.9 4.4  

 

 

Table 3: Sieve Analysis Testing Results 

 

  Cumulative Percent Passing 

Sieve # Sieve opening (mm) B-1 B-2 B-3 B-4 B-5 

4 4.75 89.37% 92.38% 86.93% 80.54% 84.33% 

10 2 65.88% 71.07% 69.72% 64.51% 63.57% 

20 0.85 42.74% 41.99% 51.14% 46.94% 41.44% 

40 0.425 29.68% 25.10% 38.19% 31.13% 27.68% 

60 0.25 22.11% 17.62% 28.76% 19.90% 20.08% 

140 0.106 14.67% 11.44% 18.27% 10.45% 12.40% 

200 0.075 11.69% 8.97% 14.22% 7.64% 9.55% 

Pan 0.01 0.00% 0.00% 0.00% 0.00% 0.00% 

 

Using the results of the sieve analysis and Atterberg limits testing shown in the above tables, 

the soil from each test pit was classified using USDA and AASHTO standards. The decision 

regarding the usability of the soil currently present on the project site as a surface material 

and/or subgrade is made using the recommendations from the Gravel Road Maintenance 
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Manual, shown in Table 1: Recommended Specification for Well-Graded Gravel Material for 

Roads. A table displaying the classifications of the soil from the test pits as well as their 

determined usefulness can be seen in the table below Table 4: Project Site Soil Usability 

 

 

Table 4: Project Site Soil Usability  

 

Bore 
Location 

USDA Group 
Symbol 

AASHTO 
Classification 

Description 
Use as Surface 

Material 
Use as 

Subgrade 

B-1 SW-SC A-2-4 Well-graded sand w/ clay/silt Yes No 

B-2 SW-SM A-2-4 Well-graded sand w/ silt Yes No 

B-3 SM A-2-4 Silty sand No No 

B-4 SP-SM A-2-4 Poorly-graded sand w/ silt & 
gravel 

Yes No 

B-5 SW-SC A-2-4 Well-graded sand w/ clay & gravel Yes No 

 

  

The analysis of the soil presently on the project site revealed the composition of the soil, 

including the presence of fine silt and clay, as well as pieces of industrial scrap (such as 

concrete, brick, metal fragments, wire, pipe, and rebar) and garbage at alarmingly deep depths. 

Man-made debris was found at depths as deep as 9’ below ground-level, signifying that a 

portion of the soil currently on the proposed project site is fill dirt. For this reason, the team 

does not recommend using the soil that is currently on the project site for the park features or 

subgrade, and suggests that soil from an outside source be used instead.  

 

 

  

 
 
3.4 Hydrological Analysis
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In accordance with the Flagstaff City Code and the Americans with Disabilities Act, a parking lot 

with an impervious asphalt surface has been designed for placement on the proposed project 

site [1], [3]. A stormwater analysis has been completed on the proposed parking lot design to 

calculate the amount of runoff caused by the first inch of rainwater on the impervious surface. 

Per Flagstaff city code and their Low Impact Development (LID) manual, this runoff must be 

redirected into a retention or detention basin to avoid overwhelming the municipal sewer and 

stormwater system [2]. A figure depicting the impervious surfaces used to calculate the 

stormwater runoff can be seen below in Figure 7: Impervious Surfaces on the Project Site. The 

amount of stormwater required to be captured is calculated to be 1,082 cubic ft, or 8,094 US 

gallons.  

 

 
Figure 7: Impervious Surfaces on the Project Site 

 

To utilize the stormwater runoff from the parking lot, the team will be designing a retention 

basin that will serve both to capture the required amount of runoff as well as serve as a mud-

pit feature within the OHV park. The mud-pit feature will be designed in such a way that it does 

not have the potential to overflow in an uncontrolled fashion which has the potential to 

compromise and erode other features. Excess stormwater that is not required to be retained 

will be routed into a riprap lined detention basin, which will be integrated with the boulder 

garden feature. The riprap will protect the course from scour and water erosion and allow 

stormwater to percolate back into the ground, all while blending in with the existing course 

features.   
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The soil that will be used as the OHV course fill and track is unconstrained and therefore highly 

susceptible to water, wind, and mechanical erosion. Damage to the course caused by water 

erosion can be reduced through proper path-surface design, eliminating problems such as 

pooling and channeling of water on the track. The team has decided to design the track profile 

for straight segments with a 2% slope crown to divert water onto either side of the track, and a 

2% slope superelevated profile to divert water to one side of the track for curved segments. An 

outslope shoulder of 2:1 proportions will lead into an armored ditch which will divert water to 

the mud-pit or rip rap detention basin. The team will determine the design slopes of the 

armored ditch system once the site design is complete. The team will be designing rolling dips 

as a form of ditch relief, as it is more cost effective than relief via a culvert and can be filled with 

riprap to serve as a feature and blend in with the course. 

  

The track profile is designed in accordance with Publication 8262 - Rural Roads: A construction 

and Maintenance Guide for California Landowners and Gravel Roads Construction & 

Maintenance Guide [9], [10]. The roadside ditch will be designed in accordance with the 

California Department of Transportation Highway Design Manual, as it contains advanced 

details on design of ditches [11]. The placement and flow direction of the drainage channels on 

the project site can be seen below in Figure 8: Runoff Channels (flow direction follows arrows) 

 

 

 
Figure 8: Drainage Channels (flow direction follows arrows) 
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A preliminary hydrological analysis of the project site was completed by the team in order to 

develop a stormwater drainage plan. The team completed an initial hydrological analysis of the 

project site, calculating the pre-development peak flow of stormwater off of the parcel. 

Variables that are assumed in the calculation of the pre-development peak flow of stormwater 

include a parcel area of 3.11 acres, an average slope of .00465 ft/ft (derived from the 

topographic map), a water flow length of 375’, and a surface material of open space/range. 

Using the rational method depicted in the Stormwater Management Design Manual provided 

by the City of Flagstaff [1], the peak flow resulting from a 25-year storm is calculated to be .876 

cfs. Stormwater systems in Flagstaff, AZ are required to handle the peak flow resulting from a 

100-year storm, so the use of a 1.25 multiplier as per the Stormwater Management Design 

Manual is used to adjust the peak flow to 1.095 cfs [1].  

 

Due to time constraints regarding the amount of work needed to accomplish the hydrological 

analysis, the team was unable to complete the entire analysis and additional work will need to 

be completed. The additional portions of the analysis that need to be completed include the 

volume calculations for the detention of the stormwater that is not related to the LID 

standards, the outflow design and routing of stormwater to the appropriate facilities, and a 

post-development hydrologic analysis.  

 

4.0 Project Design 

 
This section discusses each task associated with the design of the course. This includes the site 

layout, parking lot design, Ingress/Egress design, feature design as well as a safety plan.  

 

4.1 Site Layout
 

The site location and building envelope of the proposed track design and its required parking 

lot have been provided and are visible in Figure 9. This shows an aerial view of the site, and the 

surrounding area 

 

The site layout has been decided and can be seen below, in Figure 9. The figure shows the final 

layout decision along with the required parking, as well as the location and general size of each 

of the features. The parking lots were designed using the code requirements above, both for 

the City of Flagstaff and ADA. Lanes widths were designed with both safety and cost 

effectiveness in mind. While having smaller lanes would mean less cost, it would also decrease 

safety and people who are driving unfamiliar cars may be more likely to cause an accident. To 
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mitigate the risk of an accident and therefore any possible lawsuits resulting in a payout by 

Findlay Toyota, larger lanes were selected for safety, even with the increased cost. These lanes 

were decided to be 12 feet wide instead of the smaller, yet acceptable, 10 feet wide.  

 

Ultimately, the team decided upon the selected layout based off overall safety, economy, and 

features per area. The visibility is how visible each track would be from the street, as well as 

how easy to drive. Overall safety takes into consideration the amount of turns, the rate at 

which drivers would have to turn and space that drivers would have. Economy is essentially 

how much it would cost to build based on track area. Access point is the place where a vehicle 

would be able to get onto the track; which would have only one entrance/exit. Features per 

area is the amount of test features, ie. the boulder garden, hills etc., as a ratio compared to the 

total track area. The location of the features along the track can be seen in Figure 9: Feature 

Placement 

  

 
Figure 9: Feature Placement 

 

 

4.2 Parking Lot Design
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Using the city of Flagstaff’s code, in combination with the knowledge that our site is a highway 

commercial zone, it was determined that the parking required with for our site would be one 

parking space per every 1500 gross square feet. This essentially was the area taken up by our 

course; however, the city allows for a regular reduction of up to 10% of parking spaces, and 

rounding to the nearest number of parking spaces. Ultimately it was determined that our 

chosen course will have 8 parking spaces, one of those being ADA compliant. They will measure 

10 ft in width and 20 ft in length. The same is true of the ADA space, however, it also has an 8 ft 

by 20 ft area to allow for access by a wheelchair and wheelchair lift [3]. 

 

 

 

 4.3 Ingress/Egress Design

 
This plan includes removal or addition of current sidewalk, curb, and wheel stops. Design and 

locations for the new driveway and the accompanying curb have been completed, and can be 

seen in Figures 3,4, and 5. 

 

 4.4 Feature Design

 
This section discusses the design of features to be seen on the course. To be sure that the 

features demonstrate the capabilities of both the Toyota 4Runner and Tacoma, the features 

were designed using the limiting vehicle specifications of the two vehicles. 

 

 4.4.1 Steep Hill

 
The hills for the course were designed using basic geometry in combination with the vehicle 

specifications, in particular the approach/departure angles as well as the ground clearance and 

wheelbase [3]. The approach and departure angles were used to determine the maximum angle 

that the vehicles would be climb and descend from, respectively. However, to ensure that the 

vehicles would be able to ascend and descend from either side, the maximum angle used in the 

hills was the departure angle. To be safe, it was slightly reduced from 23.5 degrees to 23. This 

also ensured that the hill would not be too steep for the vehicle to climb. Additionally, it was 

determined that the breakover angle, of 19 degrees (Determined using Equation 1), would 

cause the vehicle to get stuck while moving from the incline onto the peak of the hill, which 

resulted in the angle being changed halfway through the ascent of the hill. Lastly, to prevent 

anyone from driving off the sides, 24 inch boulders will be lined on both sides of the lane all 

across the hill. The final design and specific measurements can be seen in Appendix A. 
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Equation 1: B= 2arctan(2G/W)             (Eq 1)          

  

B=Breakover angle (degrees) 

G=Ground Clearance (inches) 

W=Wheelbase (inches) 

  

 

 

 
4.4.2 Off-Cambers

 
The off-camber section of the course was designed to allow for demonstration of the 

suspension travel as well as the limited-slip differential and Active Traction Control system of 

the vehicles. This section consists of small hills with 3 foot diameter and 2 foot heights. The hills 

are spaced laterally per the average width of both primary test vehicles (4Runner and Tacoma)  

at 6.25 feet [12], [13]. The longitudinal spacing (along the centerline), was designed with the 

wheelbase specifications of the vehicle with the shortest wheelbase. This length is 

approximately 9 feet and was determined to be the limiting factor and thus was chosen for the 

longitudinal spacing. The height of the hill was chosen based on the suspension travel of 

vehicles. While the vehicle drives over the hills, alternating front and rear wheel suspension will 

be compressed, allowing for the other wheels to lift from the ground surface. In doing this, the 

power going to the wheels will be diverted to the wheels still in contact with the ground 

effectively demonstrating the traction control features of the vehicles [12], [13]. 

  

4.4.3 Log Ladder

 
The log ladder feature for the course represents washboard road situation which may 

experience in off-road courses. The purpose of the log ladder is to test the vehicle suspension. 

The entire feature of the log ladder is 30’ long, with a 6”-12” diameter (See appendix A figure 

3.0 and 3.1). 

  

4.4.4 Log Bog

 
The log bog for the course was designed to simulate someone driving through water. This 

feature will be filled using water with 1’ of freeboard. Additionally, it will have traction logs at 

the bottom of the log bog so the car won’t get stuck. However, to prevent the feature from 
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overflowing and damaging the vehicles, there will be an outflow channel which leads into the 

detention basin using a riprap lined channel. (See Appendix A Figure 4.0, 4.1 and 4.2). 

 

4.4.5 Boulder Garden

 
The hills for the course were designed using basic geometry in combination with the vehicle  

The boulder garden is designed using dimensions from the track and the vehicles. The width of 

the track will also be the width of the boulder garden, which is 12 feet wide. The length of the 

boulder garden will be longer than the vehicles, which are approximately 18 feet; this is to 

ensure that the vehicle completely fits within the boulder garden and the driver has an 

opportunity to actually drive on the boulders. To do this, the team recommends a length of 30 

feet for the boulder garden. The team also considered using a 40 foot length but decided 

against due to increased cost. Lastly, the approximate diameters of these boulders should range 

between 18 inches and 24 inches (See appendix A figure 5.0 and 5.1). This allows for a bumpy 

ride that showcases the vehicle’s ability to drive through a rocky terrain without putting the 

driver at risk by using larger boulders. Furthermore, using boulders/rocks any smaller than that 

would make it feel like the driver is simply driving through gravel. 

 

 

4.5 Safety Plan
 

The safety plan has been completed and all materials required are included in the materials 

schedule. Specific instructions on setup for the safety features are included for each feature in 

the plan set. These include heights for sight poles on the hill, as well as entrance and exit signs. 
 

 

 

 

 

 

 

 

 

5.0 Final Project Design 
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The final site design developed by the team can be seen below in Figure 10: Final Design Layout 

 

 

 
Figure 10: Final Design Layout 

 

The final design includes the layout, features and drainage discussed in previous sections. The 

course uses the northernmost two acres as per client request (indicated by the Development 

Boundary line). The design will demonstrate a variety of vehicle capabilities including Hill 

Ascent/Descent, Traction Control, and 4 Wheel Drive.  

 

 

 



 

 

Page 21 

 

6.0 Summary of Project Costs 

 
The totals costs for the project consists of costs from two different sources, the materials and 

installation for the course and the actual cost of design. The breakdown for material and 

installation costs can be seen in Appendix D while staffing costs can be seen in Appendix E. 

Material-only costs were approximately $117,000 while material and installation costs were 

around $169,000. The costs for staffing were initially estimated to be around $70,000 but 

turned out to be only around $60,000 due to the team taking less time to design the course 

than originally anticipated. With this, the total project costs for design, materials and 

installation, is approximately $230,000. 
 

7.0 Scheduling 

 
Below, a simplified schedule can be seen, showing the original and actual end dates of the 

project tasks. The finish dates in green are dates that were finished on time, while the dates in 

red are tasks that were not completed in time. The Site Analysis and Geotechnical Analysis took 

much longer than expected due to issues with the weather and getting the equipment rented 

and paid for, which caused everything else to be behind. The other tasks were started but could 

not be completely finished until those two were done, which explains their later finish dates. 

The original Gantt Chart with the breakdown for each of the major tasks can be seen in 

Appendix F. The simplified schedule can be viewed on the next page in Table 5: Simplified 

Schedule 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Simplified Schedule 
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# Title Due Date Finish Date Team Lead 

1.0 Site Analysis 2/15/17 2/24/17 Malik 

2.0 Code Review 2/13/17 2/13/17 Trandon 

3.0 Geotechnical Testing/Analysis 2/13/17 3/30/17 Miranda 

4.0 Drainage Analysis 3/6/17 3/31/17 Miranda 

5.0 Project Site Design 4/1/17 4/21/17 William 

6.0 Park Feature Design 4/1/17 4/21/17 Trandon 

7.0 Deliverables and Project Management Varies 5/9/17 William 
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Appendix A: Features 

  

 
Figure 1.0: A side view of steep hill design. 

 

 

 

 

 

 
Figure 1.1: A front view of the steep hill. 
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Figure 2: Off-Camber Section Design 

  

  

  

  

  
Figure 3.0: Log Ladder feature showing length. 
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Figure 3.1: Log Ladder feature showing log diameter. 

 

 

 

 

 
Figure 4.0: Log Bog top view showing its dimensions. 
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Figure 4.1: Log Bog feature showing detention basin. 

 

 

 
Figure 4.2:  A side view of Log Bog feature. 
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Figure 5.0: Boulder Garden feature showing its dimensions. 

 

 

 

 
Figure 5.1: Boulder Garden feature showing ABC layer. 
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 Appendix B: LID Design 

 

 
Figure 1.0: LID Design which shows Impervious Surfaces in Yellow 
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Appendix C: Materials Schedule 

 
 

Appendix D: Scheduling and Staffing 

 
 

  



 

 

Page 32 

 

 

Appendix E: Gantt Chart 
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Appendix F: Boring Logs 
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Appendix G: Sieve Analysis Results
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