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Overview 

 

 For my senior design project, my group and I were tasked with designing a sidewalk 

network in a low income neighborhood in the City of Cleveland, Tennessee as part of the 

University of Tennessee Smart Community Initiative program. The objective of the project was 

to evaluate existing neighborhood conditions, suggest alternative routes to connect the Family 

Support Center to the Blythe-Bower Elementary School, suggest neighborhood connector 

options for the neighborhood, compare the different alternative routes and options through a 

comparative analysis, select a route and neighborhood connector option, and to design the 

chosen route and connector option while addressing drainage issues in the area.  

For this project, I have performed a site subsurface investigation to obtain soil samples. I 

tested the soil samples and determined the soil parameters were obtained through the following 

tests: unconfined compression, Atterberg’s limits, unit weight, and water content. To satisfy my 

honors thesis requirement, I am serving as the technical editor for the project report. As the 

technical editor, I have compiled separate reports from different team members into a single 

report, restructured the report into a cohesive technical document, made grammatical corrections, 

and addressed revision comments to the content to create an in-depth and conclusive technical 

report. With the guidance of Dr. Jennifer Retherford, I have revised the group’s report to develop 

a more thorough document than required for typical course documents.  
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1.0 Introduction 

Southeast of downtown Cleveland exists a low income neighborhood enclose by Blythe Avenue, 

Wildwood Avenue, 9
th

 Street SE, and 20
th

 Street SE. Figure 1, below, depicts the location of the 

neighborhood of interest and indicates the streets that border the neighborhood.  

 

 

Figure 1 Neighborhood of interest in Cleveland, TN 

 

Currently, the neighborhood has scattered sidewalks that exists throughout the neighborhood but 

the sidewalks lack connectivity. The neighborhood lacks proper sidewalks and safe routes to 

places such as schools, churches, and local businesses.  

N
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Recently, the city of Cleveland submitted sidewalk proposals to the Tennessee 

Department of Transportation (TDOT) Multi-modal Access grant program in order to receive 

funding for sidewalks. A sidewalk route, coupled with renovations of older sidewalks that lack 

curbs, will create a safe north-south pedestrian access route that will connect the Family Support 

Center to the Blythe-Bower Elementary School and lead to a pedestrian-friendly neighborhood. 

In the past, existing infrastructure has complicated implementation of such a route. Therefore, 

neighborhood issues, such as narrow right of way and damaged infrastructures, must be 

addressed in developing this route.  

Neighborhood connector sidewalks will be placed in the neighborhood to create a more 

pedestrian friendly perimeter and connect the neighborhood to school, employment, and 

shopping centers along Wildwood Ave and Dalton Pike. The neighborhood sidewalk connectors 

will have to coordinate with existing and planned bus routes, stops, and shelters to maximize 

pedestrian access to bus routes.  

The objective of this project is to create alternative pedestrian routes for the Blythe 

Avenue Sidewalk extension which mitigate impact on existing infrastructures and drainage. The 

design team will evaluate potential routes through a comparative analysis and choose the most 

effective and economical route to ultimately develop. This project will also require analysis of 

alternative neighborhood connectors.  Analysis will include evaluation of the neighborhood 

connectors through a comparative analysis, which will serve as a decision making tool to review 

preferred neighborhood connector sidewalk routes based on user need, number of users, and 

connections to key network elements.  

The amount of work to develop a sidewalk extension from Blythe Avenue to 20
th

 Street 

SE and neighborhood connector sidewalks to Wildwood Avenue and Dalton Pike should be 

sufficient to establish National Environmental Policy Act (NEPA) “purpose and need” if future 

federal funding is required.  

Ideally, this report will help support efforts to acquire this funding. 

 

 

 



SWNTRR 

8 
 

2.0 Site Investigation 

The exiting site is enclosed by Blythe Ave SE on the west, 20
th

 Street SE on the south, 

Wildwood Ave and Dalton Pike on the east, and 9
th

 Street SE on the north, as shown below in 

Figure 1.  

 

 

Figure 2 Site boundaries for neighborhood of interest. 

 

The Family Support Center and Blythe-Bower Elementary School are important destinations 

within this site and are highlighted in Figure 2. The existing site is a low income neighborhood 

with the following type of infrastructures: factories, single family dwellings, churches, an 

elementary school, and small businesses. The neighborhood also has a retention pond that is 

enclosed by a fence to keep civilians off the property. Depicted below in Figure 3 are the general 

types of infrastructures in the neighborhood and the surrounding areas.  

 

N
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Figure 3 General types of infrastructures in the neighborhood and the surrounding areas 

 

 Overall, the site is a residential area bordered by small businesses, warehouses, and an 

elementary school.   

The following sections examine the different alternative routes from the Family Support 

Center to the Blythe-Bower Elementary School and any observed potential conflicts for the 

routes based on current site conditions.  
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3.0 Blythe Avenue Area Sidewalk Extension 

Based on a preliminary investigation of the site and information from the “CE 595 Sustainable 

Transportation SCI Project –Final Report”, the following four routes were purposed as 

alternatives for connecting the Family Support Center to the Blythe-Bower Elementary School 

[1]. It should be noted that all four routes will connect the Family Support Center, by way of 

Blythe Avenue, to 18
th

 Street SE. Currently, sidewalk infrastructure exists on Blythe Avenue 

from the Family Support Center to 13
th

 Street SE. Due to the poor conditions of the existing 

infrastructure, recommendations will be proposed and incorporated into the project analysis for 

the sidewalk extension.  

Three alternate routes have been evaluated as potential sidewalk extensions for the area.  

These routes were selected as the most viable as analyzed by the “CE 595” engineering team.  

The evaluation is finalized in this project. A description of the routes is included in this section.  

Analysis and selection of the preferred route is presented in section 5.0 of this report. 

 

 

3.1 Blythe Avenue Route 

This proposed route will start at the Family Support Center and continue along Blythe Avenue 

until 20
th

 Street SE. At the intersection of Blythe Avenue and 20
th

 Street SE, the route will veer 

left onto 20
th

 Street SE. On 20
th

 Street SE, the route will continue adjacent to Blythe-Bower 

Elementary School. Figure 4 shows the proposed route.  
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Figure 4 Blythe Avenue Route 

 

Currently, there exist sidewalks on the east side of Blythe Ave in front of the Family 

Support Center that continues to 13
th

 Street SE and the north side of 20
th

 street between Blythe 

Avenue and Dalton Pike. Sidewalks will be installed along Blythe Avenue from 13
th

 Street SE to 

20
th

 Street SE to connect the existing sidewalks on Blythe Avenue and 20
th

 Street SE for the 

proposed route.  

 

 

3.2 Dalton Pike Route 

This proposed route will start at the Family Support Center and continue along Blythe Avenue 

until 18
th

 Street SE. At the intersection of Blythe Avenue and 18
th

 Street SE, the route will veer 

left onto 18
th

 Street SE and continue until Dalton Pike. At the intersection of Dalton Pike and 

18
th

 Street SE, the route will veer right onto Dalton Pike and continue until 20
th

 Street SE. On 

20
th

 Street SE, the route will continue adjacent to Blythe-Bower Elementary School. Figure 5 

shows the proposed route.  

  

N
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Figure 5 Dalton Pike Route 

 

For this route, sidewalks will be installed along Blythe Avenue from 13
th

 Street SE to 18
th

 

Street SE and on 18
th

 Street. Sidewalks currently exist on Dalton Pike and 20
th

 Street for the 

proposed route. Sidewalks exist on Blythe Avenue from the Family Support Center to 13
th

 Street 

and will be renovated as needed.  

 

 

3.3 Greenway Route 

The greenway route includes two proposed greenway options that circumvent the fenced 

retention pond, as shown in Figure 6.  

 

N
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Figure 6 Greenway routes with Option 1 in green and Option 2 in blue 

 

This route will begin at the Family Support Center where a sidewalk on the east side of the road 

will continue down to 18
th

 street. On 18
th

 street, the sidewalk will veer right and continue on the 

southwest side of the road and connect to a greenway. Both greenways will connect 

perpendicular to the 18
th

 and 20
th

 Street SE. Figure 6a portrays a detailed view of the two options 

around the retention pond.  

 

N
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Figure 6a Greenway Routes through retention pond 

 

It is important to note that the greenway paths are located outside of the retention pond in order 

to prevent the paths from flooding and for safety reasons, such as pedestrians slipping and falling 

into the retention pond.  There are no current plans to modify the retention pond infrastructure to 

install a greenway path as the cost of such a project is likely prohibitive. 
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3.3.1 Greenway Option 1 

The first proposed greenway option will veer right off 18
th

 Street SE into an area with a small 

parking lot adjacent to Aurora Street, shown below in Figure 7.  

 

 

Figure 7 Asphalt paved area at proposed Greenway Option 1 near 18
th

 St SE 

 

The route will continue adjacent to the west side of the fenced retention pond, as illustrated 

above in Figure 6a. Small businesses and warehouses will be adjacent to the east side of the 

route. There exist approximately 25 feet, or more, of soil between the fence and existing 

infrastructure that can be developed into a pedestrian route. A short path currently exists within 

this space, evidence that pedestrians are likely already traversing this route. Although there is 

space on this route to construct a greenway, there also exist steep slope and over-grown shrubs 

that must be addressed, as illustrated in Figure 8.  
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Figure 8 Over-grown shrubs on pathway 

 

 The area must be cleared in order to evaluate the slope of the hill between the business and 

fence and to create a passable greenway route. Based on visual inspection from the edges of the 

pathway, the slope of the hill varies along the path and can potential cause conflicts in the 

pathway. Existing conditions of the site are currently difficult to assess. Further investigation is 

needed to determine accurate slopes throughout the path to determine potential conflicts. For this 

project, estimations will be made pertaining to the slope in the area from GIS contour files, 

provided by the City of Cleveland. 

 Presently, greenway route option 1 is the preferred option based on the city of 

Cleveland’s intent to develop an extended greenway to serve as a pedestrian highway that would 

connect centers of activity to outlying neighborhoods. Developing a section of greenway and 

connecting it to sidewalks in the Blythe Avenue neighborhood would extend this goal into a 

lower income section of Cleveland and connect the neighborhood with the rest of the city, while 

also adding an aesthetic community feature.  
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3.3.1.1 Route 1 Slope Conflicts 

Steep inclines border the greenway on the east and west side. The slopes on the east side of the 

greenway will not cause safety issues because they are blocked by a fence. The slopes on the 

west side of the greenway may cause safety unless slope stability analyses verify the site as 

suitable for new loading conditions. Construction issues may arise due to the steep inclines from 

both sides.  

The distance between the top of the incline and the fence is approximately 7 feet. The 

average width of space for greenway route option 1 is approximately 30 feet, with some areas 

requiring shorter widths than others. As a result, the fence will have to be removed at some areas 

for construction purposes. For construction and safety purposes, the fence should be moved to be 

perpendicular to the top of the sloped sides of the retention pond.  

Figure 9 illustrates the steep inclines that border the retention pond on the lower side of 

the greenway. 

 

  

Figure 9 Steep inclines between the fence and bottom of retention pond 
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A slope stability analysis, as well as grading efforts, during construction is necessary; however, 

current plant over-growth prohibits adequate access to the site to perform these tasks. 

 

 

3.3.2 Greenway Option 2 

The second proposed greenway option will veer right off 18
th

 Street SE and span along the 

outside of the east side of the fenced retention pond, as shown above in Figure 10. 

 

 

Figure 10 Greenway routes with Option 2 

 

 The area between the retention pond fence and the adjacent structures (single family homes) is 

approximately five feet, which is a very limited space that can be used for development. In order 

to construct a pathway along the east side of the fence, property will need to be acquired and 

demolished. The process of acquiring land for this greenway path will be costly. As a result, this 

route is not suitable for a greenway. 

   

N
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3.4 Observed Potential Conflicts 

In order to objectively evaluate each greenway option, a variety of qualitative and quantitative 

metrics must be defined and assessed. These metrics attempt to quantify the impact of site 

conflicts that exist for each route. Observed potential conflicts at the existing site that will need 

to be addressed during the design process and those conflicts that will be used in the comparative 

analysis of the routes, include: sight distance, location of existing crosswalk, small lots, houses 

near the street, street signage, and curb design.   

 

 

3.4.1 Small lots and Houses Near the Street 

Currently, the east side of Blythe Avenue has an existing sidewalk that is in poor conditions and 

needs to be reconstructed and widened approximately one foot. Figure 11 shows the location of 

the sidewalk on Blythe Avenue while Figure 12 and 12a show the conditions of the sidewalk.  

 

  

Figure 11 Sidewalk widening and improvement 

N 

Sidewalk

s 

13
th

 Street SE 
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Figure 12 Cracks occurring on existing sidewalks on Blythe Avenue 

 

 

Figure 12a Close up of the cracks occurring on existing sidewalks on Blythe 

 

As seen in Figure 12, portions of the existing sidewalks are cracked because the sidewalks were 

constructed atop a tree root.  Figure 12a exhibits a detailed picture of the cracks of the sidewalks 

that is adjacent to the tree and surrounds a water utility box. As highlighted in both figures, the 

cracks that are occurring on the sidewalks are extremely severe and are creating indentions in the 

sidewalks, causing it to be a trip hazard for pedestrians. The sidewalks lack a curb which is 
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recommended infrastructure for roadways. Curbs are important because they serve the following 

purposes: drainage control, roadway edge delineation, and right-of-way reduction. Vertical curbs 

are desirable for sidewalks located in urban areas because it discourages vehicles from driving 

close to sidewalks, thus reducing the risk to a person walking on the sidewalk. Overall, the 

sidewalks will have to be renovated.  

 The State of Tennessee has a 50 foot right of way (ROW) that can be utilized for 

roadways and sidewalks. During a site visit, it was determined on visual inspection that many 

residents’ properties are encroaching on the State’s 50 foot ROW. Further research will need to 

be conducted to verify where the residential property lines and the State’s ROW conflicts. If it is 

verified that resident’s properties encroach on the State’s ROW, the State can legally use the 

properties for sidewalks.  

Further investigation will be needed to determine the location of existing utility lines 

which also appear to conflict with preferred sidewalk locations. Utility lines will be relocated if 

they obstruct the construction of the sidewalks.  

 

 

3.4.2 Pedestrian-related Street Signs  

Due to high pedestrian traffic at the intersections, pedestrian safety will need to be addressed for 

all proposed routes. Crosswalks will be incorporated into the design of the sidewalks as 

necessary to address pedestrian safety. Specifically, 18
th

 Street SE has been observed as a 

location that will require new infrastructure to improve visibility of pedestrian crossing. 

Crosswalk lines will be white with a minimum line width of 8 inches and a minimum crosswalk 

width of 6 feet [2].   

Stop lines or yield lines are commonly used to address pedestrian safety at crosswalks. A 

stop line will typically be 12 to 24 inches wide [3]. The individual triangles that comprise a yield 

line have a base of 12 to 24 inches wide and a height equal to 1.5 times the based [2][3]. The 

space between the triangles is recommended to be 3 to 12 inches [2, 3]. Figure 13 illustrates 

recommended yield line layouts.  

 



SWNTRR 

22 
 

 

Figure 13 Recommended yield line layouts 

 

Vehicles that are approaching a crosswalk require an appropriate amount of time to react 

to pedestrian crossing. Crosswalk signs are necessary to allow sufficient reaction time for 

drivers. Figure 14 portrays unsignalized pedestrian crosswalk signs that are often placed at 

crosswalks to improve general safety.  
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Figure 14 Unsignalized pedestrian crosswalk signs 

 

Figure 14 portrays the types of unsignalized yield crosswalk signs that can be placed at yield 

lines. The types of unsignalized stop crosswalk signs that can be placed at stop lines are also 

depicted.  

 For an uncontrolled multi-lane approach road, the stop or yield line shall be placed 20 to 

50 feet in advance of the nearest crosswalk line [3]. Figure 15 illustrates an example of yield 

lines at unsignlized midblock crosswalks for two-way roadways.  
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Figure 15 Yield lines at unsignalized midblock crosswalks 

 

Figure 15 depicts a crosswalk as two parallel, solid lines that cross all approaching lines. On both 

sides of a crosswalk, a “Yield to pedestrians” sign is shown adjacent to the right side of the 

roadway in advance of the crosswalk. On both sides of the crosswalk, a yield line, placed 20 to 

50 feet in advance of the crosswalk, is shown across the approach lanes. 

 

 

3.4.3 Drainage 

Retrofitting sidewalks into the Blythe Ave neighborhood will increase the amount of stormwater 

runoff if not handled appropriately. Using stormwater control measures (SCMs) onsite will 

prevent the sidewalks from causing drainage issues. Due to limited space, permeable pavements 

or bioretention cells are the most attractive options to improve stormwater runoff conditions. 
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4.0 Neighborhood Connector Sidewalks to Wildwood Avenue and 

Dalton Pike 

Based on a preliminary site investigation, the following two neighborhood connector options 

were proposed. Both options seek to provide connectivity between the residential and 

commercial destinations throughout the neighborhood. 

 

 

4.1 Neighborhood Connector Option A 

Sidewalks for connector Option A are recommended as shown in Figure 16 along the following 

streets: 9
th

 Street SE, 12
th

 Street S, Winnetawaka Avenue, Wilson Avenue, 13
th

 Street SE, 14
th 

Street SE, Aurora Avenue, 15
th

 Street SE, 18
th

 Street SE, 16
th

 Street SE, 11
th

 Street SE, and 

Blythe Avenue. The streets for neighborhood connector option A were chosen based on street 

width and accessibility to factories, businesses, and churches. 

 

 

Figure 16 Neighborhood connector option A 
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4.2 Neighborhood Connector Option B  

Connector Option B, shown in Figure 17 requires construction of sidewalks along the following 

streets: 9
th

 Street SE, 12
th

 Street S, Hardwick Avenue, Wilson Avenue, 13
th

 Street SE, 14
th 

Street 

SE, Aurora Avenue, 15
th

 Street SE, 18
th

 Street SE, and Blythe Avenue. The streets for 

neighborhood connector option B were chosen based on accessibility to businesses and churches, 

easement, and the quantity of single family dwellings that surround the streets 

 

 

 

Figure 17 Neighborhood connector option B 
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5.0 Comparative Analysis  

A comparative analysis was performed to determine the advantages and disadvantages of each 

route and neighborhood connector. Each alternative was evaluated based on connected node 

ratio, link-node ratio, percentage 4-way intersections, pedestrian route directness, effective walk 

area, stopping sight distance, number of crosswalks per route, ROW conflicts, cost, and total 

distance. The comparative analysis matrix will be used to evaluate the best school route 

alternative and neighborhood connector alternative. The following sections explain the metrics 

and methods for each component of the analysis. The comparative analysis performed on the 

network alternatives was used to develop the most effective network for the neighborhood. 

Sample calculations and are provided in the appendix for each metric.  

 The following sections describe the fundamental parameters and definitions for each 

metric and summarize assumptions utilized during the comparative matrix analysis. 

 

5.1 Connected Node Ratio 

Connected node ratio (CNR) is a measure of network connectivity. The analysis required 

division of the neighborhood into five zones to simplify the analysis. The following lists the 

division of neighborhood and proposed route options into the five zones: 

 

1. Bound by SE King Edward Ave, 9
th

 Street SE, Chippewa Ave SE, and 13
th

 Street (Top left) 

2. Bound by 9
th

 Street SE, Wildwood Ave SE, 15
th

 St SE, Wiggins St SE, and 13
th

 St SE (Top 

right) 

3. Bound by SE King Edward Ave, 13
th

 Street SE, Aurora Ave SE, and 18
th

 Street SE (Center 

left) 

4. Bound by Aurora Ave SE, 13
th

 St SE, Wiggins St SE, 15
th

 St SE, Wildwood Ave SE, and 

18
th

 St SE (Center right) 

5. Bound by SE King Edward Ave, 18
th

 Ave SE, Wildwood Ave SE, and 20
th

 St SE (Bottom) 

 

Figure 18 illustrates the five zones. 
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Figure 18 Neighborhood zones 

 

The combinations of sidewalk routes that were considered for a comparative analysis are shown 

below in Figures 19 through 24.  
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Figure 19 Blythe Ave School Connector Route and Neighborhood Connectors Option A 

 

 

Figure 20 Blythe Ave School Connector Route and Neighborhood Connectors Option B 
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Figure 21 Wildwood Ave School Connector Route and Neighborhood Connectors Option A 

 

 

Figure 22 Wildwood Ave School Connector Route and Neighborhood Connectors Option B 
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Figure 23 Greenway School Connector Route and Neighborhood Connectors Option A 

 

 

Figure 24 Greenway School Connector Route and Neighborhood Connectors Option B 
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For each neighborhood division and for the total neighborhood, the number of cul-de-sacs and 

intersections were counted and used to calculate the CNR. A cul-de-sac is where a sidewalk link 

terminates with a dead end. An intersection is where two or more sidewalk links intersect. The 

CNR was then calculated for each as follows:   

 

𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑁𝑜𝑑𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑟𝑒𝑒𝑡 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠 + 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑢𝑙 − 𝑑𝑒 − 𝑠𝑎𝑐𝑠
 

 

           (1) 

 

The tabulation of cul-de-sac, intersection, and CNR data are shown for each route option in 

Tables 14, 15, and 16 in the Appendix A. Sample calculations for the CNR is provided in 

Appendix A. 

CNR values of 0.7 are preferred for sidewalk networks [4]. All the route options achieved 

and exceeded this threshold. The route options did not vary significantly within the 

neighborhood divisions. For the whole neighborhood, the Blythe Ave school connector route 

coupled with the neighborhood connector option B yielded the highest CNR.  

 

 

5.2 Link-Node Ratio 

The link-node ratio (LNR) is a measure of network connectivity. Links are defined by the 

Tennessee Road Builder (TRB) as segments of sidewalk connecting nodes. Nodes are defined as 

intersections or cul-de-sacs.  To simplify the process, the neighborhood was divided into five 

zones. The number of links and nodes was counted for each neighborhood division and for the 

total neighborhood. The LNR was then calculated for each as follows:  

 

𝐿𝑖𝑛𝑘 𝑁𝑜𝑑𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑖𝑛𝑘𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑑𝑒𝑠
 

           (2) 
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The tabulation of link, node, and LNR data is shown for each route option in Tables 14, 15, and 

16 in Appendix A. Sample calculations are the LNR is provided in Appendix A. 

A link-node ratio of 1.4 is recommended as a goal for sidewalk network connectivity [4]. 

The LNRs for the two route options did not vary significantly within the neighborhood divisions. 

For the whole neighborhood, the Blythe Ave school connector route coupled with the 

neighborhood connector option B yielded the highest LNR in the 1.4 range.  

 

 

5.3 Percentage Four-Way Intersection 

The percentage 4-way intersection is a measure of network connectivity. This method determines 

the percentage of 4-way intersections based on the total number of intersections on a route. The 

total number of intersections and the number of 4-way intersections was counted for the whole 

neighborhood. The number of 4-way intersections is divided by total number of intersections to 

yield a percentage of 4-way intersections per route. The percentage of 4-way intersections does 

not yield relevant data for comparison when calculated on the neighborhood zone scale.   

Based on this analysis, all the route option combinations yielded fairly low 4-way 

intersection percentages due to a lack of uniform grid layout in the neighborhood. Option B 

yielded a significantly higher 4-way intersection percentages than option A. The Blythe Ave 

school route with neighborhood connector option B yielded the highest percentage of any option 

combination. 

 

 

5.4 Pedestrian Route Analysis 

Pedestrian route directness is a measure of how effectively a proposed route travels from point A 

to point B.  The route distance is measured against the straight line distance from A to B, 

creating a ratio of route distance to straight line distance from A to B. The closer the value of the 

ratio is to 1, the more efficient the route.   

The route and straight line distances were found by plotting the routes along a scaled 

map.  The route distances were then measured and scaled to their true distances.  For the 
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Greenway route, the distance was measured with several connected straight line segments 

simulating the curve.  The route distance was then placed over the straight line distance to find 

pedestrian route directness. The pedestrian route directness was then calculated for each route as 

followed: 

        

𝑃𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 𝑅𝑜𝑢𝑡𝑒 𝐷𝑖𝑟𝑒𝑐𝑡𝑛𝑒𝑠𝑠 =
𝑅𝑜𝑢𝑡𝑒 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑆𝑡𝑟𝑎𝑖𝑔ℎ𝑡 𝐿𝑖𝑛𝑒 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
 

           (3) 

 

Sample calculations for pedestrian route directiness are provided in Appendix B. 

The straight line distance between the starting point at Blythe-Bower Elementary School 

and the ending point at the intersection of Blythe Avenue and 9
th

 Street SE is 0.852 miles.  Both 

the proposed Blythe Avenue and Greenway routes measured approximately a mile while the 

Dalton Pike route was approximately 1.3 miles.  Table 1 displays the results of the pedestrian 

route directness for the different alternative routes.  

 

Primary Route 

Route Distance 

(mile) 

Straight Line Distance 

(mile) 

Pedestrian Route 

Directness 

Blythe Avenue 1.004 0.852 1.178 

Greenway 0.963 0.852 1.130 

Wildwood 1.312 0.852 1.539 

Table 1 Pedestrian Route Directness for Route Alternatives 

 

The American Association of State Highway and Transportation Officials (AASHTO) 

Green Book states that pedestrians are unwilling to walk more than 1 mile to reach their final 

destination [5].  Based on the AASHTO standard, the Wildwood Ave route does not satisfy 

pedestrian needs. Based on the AASHTO standard, the Blythe Ave and Greenway route does 

satisfy pedestrian needs. Between these two options, the Greenway has a slight advantage.  

Although, neither option should be discounted solely on account of pedestrian route directness 

based on the closeness of the observed results. 
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5.5 Effective Walk Area 

Effective walk area (EWA) is the ratio of the number of parcels within a one-quarter mile 

walking distance of a node to the total number of parcels within a one-quarter mile radius of that 

node. Values for EWA range between 0 and 1. A higher value is desirable as it shows more 

parcels are within walking distance of the node, reflecting a more connected network.  Effective 

walk area was determined for the various nodes in the interest area for two different connector 

plans, summarized in Tables 17 and 18 in the Appendix C. The EWA was then calculated for 

each route as followed: 

 

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑊𝑎𝑙𝑘 𝐴𝑟𝑒𝑎 (𝐸𝑊𝐴) =
𝐴𝑐𝑐𝑒𝑠𝑖𝑏𝑙𝑒 𝑃𝑎𝑟𝑐𝑒𝑙𝑠

𝑇𝑜𝑡𝑎𝑙 𝑃𝑎𝑟𝑐𝑒𝑙𝑠
 

           (4) 

 

Sample calculations for effective walk area are provided in Appendix C. 

To measure effective walk area, the nodes affecting the areas of interest for neighborhood 

connector options A and B were identified.  These chosen nodes are found in Tables 8 and 9 in 

Appendix C.  The nodes along the primary Blythe Avenue route were given priority as they were 

assumed as the primary area of interest. The reason for this assumption is due to the large 

number of nodes identified. A quarter mile radius circle was then placed over each node and the 

number of parcels falling within that radius was counted.  This number was held constant 

between the two neighborhood connector options.  From each node, the number of parcels that 

could be accessed from the proposed sidewalk option was counted.  The different sidewalk plans 

meant that a different number of parcels would be accessed by each node based on the 

pedestrian’s path choices.  A sidewalk that reached more parcels in a smaller distance 

theoretically provides a higher level of service to pedestrians.  This value provided the point of 

comparison between neighborhood connector option A and B.  The higher the number of 

accessible parcels for each node, the higher its effective walk area was and the more desirable 

the option overall. Table 2 below portrays the average EWA for the main proposed routes and 

each neighborhood connector option.  
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 Average EWA 

Main proposed routes and connector option A 0.591 

Main proposed routes and connector option B 0.565 

Table 2 EWA for Main Proposed Routes and Neighborhood Connector Options 

 

Based on the average EWA of both neighborhood connector options, neighborhood 

connector option A is slightly more effective than neighborhood connector option B. Based on 

the EWA, neighborhood connector option A portrayed a higher EWA value. Neighborhood 

connector option A also better serves many of the Blythe Avenue nodes by a large margin.  

These nodes have been deemed to have a higher importance than the smaller nodes along the 

connectors as they will receive higher traffic and are directly addressed within the scope of work.  

Based on these factors, neighborhood connector option A is superior to neighborhood connector 

option B. It should be noted that the benefits of each plan can vary based on a street-by-street 

analysis. Neither plan will greatly alter the numbers of parcels accessible by pedestrians relative 

to the other.  

 

 

5.6 Stopping Sight Distance 

Stopping sight distance (SSD) is defined as the summation of the distance required for a driver to 

make the decision to break and the distance it takes for the vehicle to reach a complete stop. SSD 

is calculated using the following equation: 

 

𝑆𝑡𝑜𝑝𝑝𝑖𝑛𝑔 𝑆𝑖𝑔ℎ𝑡 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒, 𝑆𝑆𝐷 = 1.47 𝑥 (𝑉)𝑥 (𝑡) 𝑥 [
𝑉2

𝐴𝑜 (𝑓 + 𝐺)
] 

                  (5) 

 

where V is speed of the car in miles per hour (mph), t is the brake reaction time in seconds, A0 is 

the deceleration rate in miles per second squared (m/s
2
), f is the coefficient of friction of the 

road, and G is the percent grade of the road. Conservative values for the coefficient of friction 

and perception time are accounted for in the SSD calculations. A conservative coefficient of 
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friction of 0.7, at which road conditions are assumed to be wet, minimizing the friction between 

the wheels and the car was utilized in this analysis. A conservative perception time of 2.5 

seconds was used for design purposes, which represents perception-reaction time research which 

concludes that approximately 90% of drivers can react to a given situations in 2.5 seconds [6]. 

Equation 6 was used to calculate the percent grade of the road at each intersection:  

 

𝐺𝑟𝑎𝑑𝑒, 𝐺 =
(𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘) − (𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑣𝑒ℎ𝑖𝑐𝑙𝑒)

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒
 

                  (6) 

 

Sample calculations for stopping sight distance and percent grade of the road are provided in 

Appendix C. 

The first line of sight from a vehicle to a proposed crosswalk and the absolute distance 

between the two is necessary to measure and was determined using Google Earth. The elevations 

of the proposed crosswalks and the approaching vehicle were also determined through Google 

Earth for use in the computation. The stopping sight distances at 51 locations were calculated. 

These locations represent the crosswalk sites along the proposed routes susceptible to visibility 

constraints which may require infrastructure to guarantee pedestrian safety. Table 19 in 

Appendix D summarizes the information for each location.  

On neighborhood connector option A, the crosswalk at the intersection of Wilson Avenue 

SE and 11
th

 Street SE has a stopping sight distance conflict. As the vehicle approaches the 

intersection, the stopping sight distance, 153.6 feet, is greater than the absolute distance, 132ft, 

between the vehicle and the first sight the crosswalk at the intersection. A vehicle can only react 

to the crosswalk after passing the curve, as demonstrated in Figure 25. 
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Figure 25 Stopping sight distance conflict at crosswalk at intersection of Wilson Avenue SE 

and 11
th

 Street SE 

 

Based on the stopping sight distances for all other crosswalks proposed, vehicles driving 

on the roads at designed speed will have enough time to react and reach a complete stop. A sign 

located before the curve approaching Wilson Ave to inform the driver a crosswalk is 

approaching will alleviate the safety concern at this known SSD conflict area. 

 

 

5.7 Right of Way 

Right of way (ROW) data for Cleveland, Tennessee was obtained from a GIS file provided by 

the City of Cleveland. The GIS data files were transferred into ArcMap, which was used to 

measure the distance on all roads that lie on proposed routes. ROW was calculated as the linear 

width, in feet, that is allowed for construction of a sidewalk, road, or other transportation related 

structure. The distances found with ArcMap from the parcels file was an approximate estimation 

of the existing ROW in a designated area.  
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A ROW distance of 40 feet was estimated as the required minimum width to construct 

the designed roadway and sidewalk. With the width of the designed sidewalk only requiring 5 

feet, and the width of the roadway only requiring 10 feet per a lane, a minimum ROW of 25 feet 

is needed to install a sidewalk on one side of the roadway. A ROW of 30 feet will allow 

sidewalks to be installed on both sides of the road. A maximum ROW of 40 feet will allow extra 

room for design alterations, such as utility relocations and the additions of curbs. Sample 

calculations for ROW are provided in Appendix E. 

At the following three locations, ROW conflicts arise: Blythe Avenue between 20
th

 & 

18
th

 Street SE, 15
th

 Street SE between Blythe Avenue & Aurora Avenue SE, and 18
th

 Street SE 

between Blythe Avenue & Wildwood Avenue. Ideally, it is recommended to avoid constructing 

sidewalk infrastructure on Blythe Avenue SE between 20
th

 and 18
th

 Street SE and 18
th

 Street SE 

between Blythe Avenue SE and Wildwood Avenue, but sidewalks along these routes can still be 

constructed if the minimum design road and sidewalk width is accommodated. Fifteenth Street 

SE between Blythe Avenue SE and Aurora Avenue SE should be avoided altogether as there is 

inadequate ROW distance for implementation of a sidewalk and two-way road. Significant 

roadway infrastructure modifications would be necessary and is not recommended at this time. 

 

 

5.8 Distance and Cost Estimations 

The total distance of each route, the length of sidewalks required, and the length of required 

sidewalk renovations were measured for each alternative. For the length of sidewalk required and 

length of required sidewalk renovations, a cost analysis was performed.  

 

 

5.8.1 Total Distance  

The distance of each route and neighborhood connector was obtained with the assistance of 

Google Maps. The approximate total distances, in miles, for each route and neighborhood 

connector was obtained through the summation of the linear distances of the roads. Distance 

measurements assume the following: (1) each fragment of road measured is linear and (2) 
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minimal overlapping of measurements occurred. The approximate linear measurements will 

disregard any horizontal curvature that likely exists along the proposed sidewalk routes. While it 

is understood that slight deviations in curvature will exist, it is understood that slight deviations 

in curvature will exist, it is assumed that these are small compared to overall length of sidewalk 

infrastructure. They are also assumed relatively constant amongst routes and therefore have 

minimal impact on the comparative analysis. Similarly, Google Maps distance measuring tools 

are not precise, so small errors in route overlaps will exist within this report. Again, these errors 

are assumed small and consistent across routes such that the comparative metrics are not 

significantly impacted.  

The length of sidewalk required for each route and neighborhood connector was obtained 

with the assistance of Google Maps. The approximate distances, in miles, for each route and 

neighborhood connector was obtained through the summation of the linear distances of the roads. 

Table 3 depicts the required length of sidewalks for each alternative.  

 

 Route Distance (mi.) Route Distance (ft.) 

Blythe Avenue 0.54 2851.2 

Dalton Pike 0.7 3696 

Greenway 0.66 3484.8 

Greenway Railing 0.16 844.8 

Neighborhood Connector Option A 2.33 12302.4 

Neighborhood Connector Option B 2.28 12038.4 

Table 3 Length of required sidewalks 

 

Table 3 also includes the distance of railing for one side on the greenway, which will be required 

when an elevated boardwalk or concrete sidewalk is built. The distance for only one side of the 

railing is considered because it is assumed that the route is a concrete sidewalk that requires a 

railing on the east side. This length will be included in the cost-estimating for this design option.  

 

 

5.8.1.1 Total Distance Results 

The approximated total distance for the Blythe Avenue and Greenway routes have the same 

approximate total distance, 0.8 miles. The Dalton Pike route has the longest approximate walking 
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distance, 1.4 miles. The neighborhood connector option A has approximately 3 miles of needed 

sidewalk. The neighborhood connector option B has approximately 2.4 miles of needed 

sidewalk. Table 4 shows the distances of the routes and neighborhood connectors. 

 

Route or Neighborhood Connector Distances (miles) 

Blythe Avenue Route 0.85 

Greenway Route 0.85 

Dalton Pike Route 1.32 

Neighborhood Connector Option A 2.33 

Neighborhood Connector Option B 2.28 

Table 4 Distances of Routes and Neighborhood Connectors Options 

 

The AASHTO Green Book states that pedestrians are unwilling to walk more than 1 mile 

to reach their final destination [5].  Based on the distance analysis for each route, pedestrians 

would prefer either the Blythe Avenue Route or Greenway Route over the Dalton Pike Route 

because they are each less than 1 mile [5]. 

 

 

5.8.1.2 Repaired Sidewalk Repairs 

Currently, the existing sidewalk infrastructure between the Family Support Center and 13
th

 

Avenue SE is in poor condition. It is suggest that the existing sidewalk be removed and replaced 

with new sidewalk infrastructure. RSMeans was used to obtained approximate values for 

sidewalk demolition and construction [7]. All cost values assume a standard 5 feet sidewalk with 

a 4 inch thick slab and minimum reinforcement. The cost of new sidewalk construction includes 

a sidewalk structure as recommended by TDOT Standard details which do not include slab 

reinforcement. The total cost for demolition and reinstalling sidewalks along Blythe Avenue 

from the Family Support Center to 13
th

 Street SE will be added to the total cost of sidewalk 

construction. The cost for the removal and replacement of the existing sidewalk infrastructure is 

shown in Table 5. 
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 Old sidewalk 

Demolition cost ($/yd
3
)  $ 247,891.60  

Formwork cost ($/ft)  $ 17,517.98  

Construction cost ($/ft
2
)  $27,144.48  

Total construction based cost ($)  $ 292,554.06  

Table 5 Demolition and reinstallation cost of sidewalk along Blythe Avenue from Family 

Support Center to 13
th

 Street SE 

 

 

5.8.2 Total Cost 

A cost was estimated for infrastructure along the routes and neighborhood connectors, excluding 

labor and earthwork fees.  The cost of each route and neighborhood connector was calculated 

based on the approximate length that required new sidewalks. The cost is a summation of the 

number of crosswalks and the linear foot, as needed, of concrete sidewalk, railing, curbs, and 

gutter for each route and neighborhood connector. The cost values are conservative and portray 

that all routes will have concrete sidewalks, including the greenway.  

The Costs for Pedestrian and Bicyclist Infrastructure Improvements was used to obtain 

average cost for each striped crosswalk and average cost per linear foot for the concrete 

sidewalk, railing, curb, and gutter [8]. The total cost for each neighborhood connector includes 

the average cost of crosswalks necessary for Wildwood Avenue, a cost that applies to all 

connector routes. Sample calculations for the cost of the Blythe Avenue route and neighborhood 

connector option A is provided in Appendix F. Table 20 in Appendix F shows the average cost 

for each element of required infrastructure. Table 21 in Appendix F shows the number and costs 

of crosswalks for each route, neighborhood connector, and Wildwood Avenue.  

Table 6 summarizes the total cost for each route and neighborhood connector option.  
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 Proposed Route Names Total Cost 

Sidewalk Extension Routes Blythe Avenue $563,723 

Greenway $684,610  

Dalton Pike $615,691  

Connector Routes Neighborhood Connector Option A $865,450  

Neighborhood Connector Option B $847,440  

Table 6 Total Cost for Each Route and Neighborhood Connector Option 

 

 

5.8.3 Route Length and Cost Conclusion 

Based on the cost analysis for each route sidewalk extension, the Blythe Avenue Route is the 

least expensive alternative. The greenway route is the most expensive sidewalk alternative. The 

additional cost for the greenway route is due to the addition of railings on the east side of the 

concrete sidewalks. 

Based on the cost analysis of the two neighborhood connectors, neighborhood connector 

option B is the least expensive option.  

Based on an approximately estimation of cost and length for the three routes and two 

neighborhood connector options, the Blythe Avenue Route paired with the neighborhood 

connector option B is the least expensive and has the shortest distance for pedestrians to walk 

from the Family Support Center to the Blythe Bower Elementary School.  

 

 



SWNTRR 

44 
 

5.9 Comparative Analysis Conclusion 

A comparative analysis matrix was created to compile the results from the preceding metric 

discussed herein. The results of each analysis compiled in the comparative analysis are displayed 

in Table 7.
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Sidewalk Extension: Blythe Ave   Greenway   Dalton Pike   

Connector: Option A Option B Option A Option B Option A Option B 

Design Consideration             

Pedestrian Route Directness 1.178   1.13   1.539   

Effective Walk Area 0.590553 0.564576 0.590553 0.564576 0.590553 0.564576 

Stopping Sight Distance 1.00 0.00 1.00 0.00 1.00 0.00 

Number of Crosswalks 40 40 40 40 42 42 

ROW Conflicts 3 4 3 4 4 5 

Cost ($) $1,429,173  $1,411,163  $1,550,059  $1,532,049  $1,481,141  $1,463,131  

Required Sidewalk Length (miles) 3.07 3.02 2.93 2.88 3.21 3.16 

Cumulative Route Length (miles) 0.85   0.85   1.32   

Connected Node Ratio 0.889 0.958 0.857 0.929 0.852 0.92 

Link-Node Ratio 1.333 1.625 1.321 1.286 1.296 1.36 

 

Table 7 Results of Comparative Matrix Analysis 
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The comparative analysis shows that the preferred route is the Blythe Avenue Route 

coupled with neighborhood connector option B. The system requires the least number of new 

crosswalks, is the least expensive, has the highest connectivity results, and has the shortest 

cumulative length.  

Through discussions with Cleveland representatives, the greenway route is a preferred 

route. This route provides the opportunity for physical activities that will improve mental and 

physical health, the beautification of the community, and the preservation and restoration of open 

space. In conclusion, the pairing of the greenway route and neighborhood connector option B is 

recommended by the design team.  
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6.0 Greenway Design 

Greenway design guidelines were researched and compiled to ensure the requirements for a 

greenway trail are understood and implemented for safe construction of the trail. Information 

about the type and characteristics of soil was obtained through a site subsurface investigation 

between 18
th

 Street SE and 20
th

 Street SE for soil capacity calculations for the safe construct of 

the greenway trail. Different greenway path options are compared based on cost, durability, and 

aesthetics.   

 

 

6.1 Greenway Design Guidelines 

The greenway path intersects 18
th

 Street SE at a small parking lot area, as shown in Figure 7. A 

sign to marking the entrance of the greenway and to indicate that motor vehicles are prohibited 

on the trail will be placed at the intersection of the Greenway and 18
th

 Street SE [9]. Figure 27 

illustrates a typical greenway safety signage.  

 

 

Figure 26  Typical greenway safety signage [9] 

 

 The path will have a minimum of a two foot wide grass shoulder on either side of the pathway 

where vegetation is kept low and a minimum overhead clearance space of 10 feet is needed in 
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which branches and obstacles are to be cleared and maintained [9]. Clearing and grubbing will be 

required for the width of the path and a certain length on either side of the path prior to 

construction [9]. Selective thinning will also be required for maintenance purposes. Selective 

thinning will require the removal of selected individual trees around to allow for more resources 

for other greenery [10]. Table 8 outlines the clearing and grubbing width and the selective 

thinning width based on trail width. Figure 27 illustrates the general areas for clearing, grubbing, 

and thinning width and heights.  

 

Trail Width Clearing and grubbing width Selective thinning width 

6 foot 10 feet 20 feet 

8 foot 14 feet 24 feet 

10 foot 16 feet 26 feet 

Table 8 Trail width, Clearing and Grubbing width, and Selective thinning width 

 

 

Figure 27 Illustration of general clearing, grubbing, and thinning width and heights [9] 

Height Selective Thinning Width 
(Permanent) 

Clearing and Grubbing Width 
(for construction) 
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A maintained natural vegetation area for runners on at least one side of the trail is recommended 

[11]. In addition to the two feet shoulder, a minimum of five feet of cleared natural area on both 

sides of the path is recommended [11]. Figure 28 illustrates the general shoulder and cleared 

natural area guidelines for the trail. 

 

 

Figure 28 Greenway trail guidelines for shoulders and cleared natural areas close to a body 

of water [11] 

 

 

6.2 Subsurface Investigation of Proposed Greenway Route 

Soil sampling methods and tests were performed to evaluate existing subsurface conditions.  

Discussion of these procedures and results are included in the subsequent sections. 

 

 

6.2.1 Soil Sampling 

Relatively undisturbed soil samples using Shelby tubes were obtained from the proposed 

greenway site using an auger, a manual driver, a handle bar, a sampler, different length metal 
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rods, six inch metal tubes that resembled Shelby tubes, and rubber caps for the tubes. An auger, a 

five foot long metal rod, and a handlebar was use to manually drill a hole approximately one foot 

into the soil. Once soil was removed from the one foot hole, a sampler containing a six inch 

metal tube was placed into the hole to collect a soil sample. A manual driver was use to drive the 

sampler and tube into the soil approximately six inches into the soil to collect a soil sample. The 

manual driver was use as a reverse hammer to remove the sampler, metal tube, and soil sample 

from the soil. Caution was taken while retrieving the soil sample minimize disturbance of the 

sample. The metal tube and soil sample was removed from the metal rod, with caution, to 

prevent the soil sample from escaping the tube. The metal tube and soil sample were capped with 

rubber caps on each ends and labeled according to borehole number, soil sample number, and the 

depth the soil sample was extruded.  

This method was repeated approximately five times to obtain undisturbed soil samples at 

five different locations. The depth of the soil sample varied based on location and length of the 

soil sample varied based on the stiffness of soil. A total of four soil samples were obtained at the 

following boreholes: 1, 2, 3, and 5. The soil sample from borehole 4 was not obtainable because 

the soil crumbled as it was being extruded. Figure 29 shows the greenway are and 29a and 29b 

highlight the approximate location of the boreholes.  
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Figure 29 Greenway area with borehole locations highlighted as A and B 

 

 

Figure 29a Borehole locations  
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Figure 29b Borehole locations  

 

As illustrated in Figure 29a, soil samples from boreholes 1 and 2 were obtained on the south side 

of the greenway. As depicted in Figure 29b, soil samples from boreholes 3, 4, and 5 were 

collected on the north side of the greenway. 

The length of the soil sample from borehole 1 does not meet the diameter to length ratio 

required for testing by ASTM [12]. The soil sample from borehole 2 and 3 did not meet the 

diameter to length ratio but were adequate for soil testing [12]. Results of the soil testing are 

preliminary and a final subsurface investigation is recommended prior to construction 

 

 

6.2.2 In-Situ Van Shear Test 

The vane shear test is used to measure in-situ undrained shear strength in clay soils and was 

performed based on the instruction manual for an E-286 inspection vane set [13].  A four-bladed 

vane is connected to extension rods to the inspection vane instrument. The four-bladed vane is 

then placed and pushed into the ground. Once the instrument is situated into the soil, the 

graduated scale is set to the zero position. The handle is then turned clockwise at a slow speed in 

order to maintain constant speed. Once the upper and lower parts of the instrument moved at the 

same rate, failure has occurred and the maximum shear strength has been attained in the clay at 

the vane.  
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This method was used once to obtain the undrained shear strength of only borehole 1 

because the soil at the other boreholes was too stiff. The undrained shear strength of borehole1 is 

1670 lb/ft
2
 (psf). Due to the stiffness of the soil, the vane shear device is not able to penetrate the 

soil in order to measure the undrained shear strength of the soil.  

 

 

6.3 Soil Sample Testing 

The soil samples from borehole 2 and 3 were used to perform the unconfined compression test 

and Atterberg’s limits test. The unconfined compression test was used to determine the 

unconfined compressive strength of the soil. The Atterberg’s limit tests were used to determine 

the liquid limit, plastic limit, and plasticity index. The unit weight was obtained for the soil 

samples in borehole 2 and 3. The water content was obtained for the soil sample in borehole 1, 2, 

and 3. 

 

 

6.3.1 Unconfined Compressive Test 

An unconfined compression test was performed, in accordance to ASTM D2166, on the 

undisturbed soil samples obtained from borehole 2 and borehole 3 [12]. Strain, stress, and 

unconfined compressive strength values were obtained based on the following equations: 

 

 

𝑆𝑡𝑟𝑎𝑖𝑛, 𝜀 =
𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑙𝑒𝑛𝑔𝑡ℎ

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ
 

           (7) 

 

 

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐴𝑟𝑒𝑎 (𝑖𝑛𝑐ℎ𝑒𝑠2) =
𝜋

4
𝑥(𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟)2 

           (8) 
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𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝐴𝑟𝑒𝑎 (𝑖𝑛𝑐ℎ𝑒𝑠2) =
𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐴𝑟𝑒𝑎 

1 − 𝜀
 

           (9) 

 

 

𝑆𝑡𝑟𝑒𝑠𝑠 (𝑝𝑠𝑖) =
𝐿𝑜𝑎𝑑

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑎𝑟𝑒𝑎
 

           (10) 

 

The stress and strain values were plotted, as shown in Figure 35 and 36 in Appendix H. From the 

results, excluding the outliers, the maximum value of compressive stress is obtained from the 

peak values. The maximum value of compressive stress determined was the unconfined 

compressive strength, qu. Mohr’s circle was drawn using the unconfined compressive strength 

and values for shear stress and cohesion were obtained from the Mohr’s circle. Without using the 

Mohr’s circle, the value for undrained shear stress can be obtained through the following 

equation: 

 

𝑆ℎ𝑒𝑎𝑟 𝑆𝑡𝑟𝑒𝑠𝑠 (𝑝𝑠𝑓) =
𝑈𝑛𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ

2
 

           (11) 

 

Sample calculations for the unconfined compressive test for borehole 3, sample 3 are illustrated 

in Appendix H. The friction angle was assumed to be zero for both soil samples. The results for 

the unconfined compressive strength and shear strength are listed in Table 9.   

 

 Borehole 2 Soil Sample 2 Borehole 3 Soil Sample 3 

Unconfined Compressive, qu (psf) 1425.600 2736.00 

Shear Stress, Su (psf) 712.800 1368.000 

Bearing Capacity, qult (psf) 5449.006 10304.038 

Allowable Bearing Capacity, qall (psf) 1816.335 3434.679 

Table 9 Results for Unconfined Compression Test 
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6.3.1.1 Experimental Error 

While testing the soil sample, the load on the soil sample was applied at a sloped angle, as shown 

in Figure 30 and 31. 

 

 

Figure 30 Soil sample from borehole 2 

 

 

Figure 31 Soil sample from borehole 3 

Applied Load 

Applied Load 
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The slope surfaces were caused during the transportation of the soil samples for testing. Though 

the sloped surfaces could be trimmed to a flat surface, doing so would compromise the reliability 

of the testing data. Furthermore, specimens retrieved at shallow depths are difficult to trim. 

Though data obtained from the soil samples may not be accurate, it is still assumed to be 

acceptable for the purpose of this project. There is confidence that the unconfined compressive 

strengths obtained err in favor of conservative design. The sample’s sloped testing surface likely 

results in lower tested soil properties. Had the tested soil samples remained intact, the unconfined 

compressive strength would have been much higher.  

 

 

6.3.1.2 Recommendations 

It is recommended that for future subsurface investigations of site, a pentameter should be used 

to obtain on-site unconfined compressive strengths of soils to verify laboratory data. 

 

 

6.3.2 Unit Weight 

The unit weight of the soil sample was obtained in accordance to ASTM D 7263 [14]. Method B, 

direct measurement was used. The volumes of the soil samples were obtained from the following 

equation: 

 

𝑉𝑜𝑙𝑢𝑚𝑒 (𝑖𝑛3) = 𝜋𝑥 𝐻𝑒𝑖𝑔ℎ𝑡 𝑥 𝑅𝑎𝑑𝑖𝑢𝑠2 

           (12) 

 

Unit weights of the soil samples were obtained from the following equation: 

 

𝑈𝑛𝑖𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 (
𝑙𝑏

𝑓𝑡3
) =

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒
  

           (13) 
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Sample calculations for the unit weight of borehole 2, sample 2 are illustrated in Appendix H. 

Unit weight values for borehole 2 and 3 are shown in Table 23 in Appendix H. 

 

 

6.3.2.1 Experimental Error 

While performing the test, the soil sample weight was not obtained. Therefore, the weight of the 

air-dried sample was used to estimate the moist weight of the sample, resulting in a lower in-situ 

unit weight of the soil. The reason the value is lower is because water has partially evaporated 

from the soil, causing the soil to weigh less than its in-situ weight. With a lower mass and 

constant volume, the unit weight will be lower. 

 

 

6.3.3 Water Content 

The water content of the soil was obtained in accordance to ASTM D2216 [15]. The water 

content for the soil samples were in accordance with method B in ASTM D2216 [15]. The water 

contents for the soil samples were obtained using the following equation: 

 

𝑊𝑎𝑡𝑒𝑟 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑜𝑣𝑒𝑛 𝑑𝑟𝑦 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛
 𝑥 100 

           (14) 

 

Sample calculations for the water content of borehole 2, sample 2 are illustrated in Appendix H. 

Water content values for borehole 2 and 3 are shown in Table 23 in Appendix H.  

 

 

6.3.4 Atterberg’s Limits Test 

The Atterberg’s limits of the soil samples were obtained in accordance to ASTM D4318 [16].  
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6.3.4.1 Liquid Limit 

The soil samples for the liquid limit test soil were prepared based on the dry preparation method. 

The soil samples were left out to dry in a metal pan at room temperature for approximately a 

week. Once the soil samples were dried, the soil samples were pulverized, separately, with a 

rubber pestle in a mortar until the soil samples passed through a 425 µm (No. 40) sieve [16]. 

After the soil samples passed through the sieve, the soil samples were prepared based on the wet 

preparation method, as instructed in ASTM D4318 [16].  

Following the wet preparation method, 150 to 200 grams of each soil sample was 

measured out into a small container [16]. Because there was excess amount of soil from both 

samples, each soil sample had two batches of material that were tested. The two batches will be 

referred to as a specimen to avoid confusion. After the specimen was measured out, distilled 

water was mixed into the specimen until an even consistency, as determined by ASTM D4318, 

was obtained [16]. This was repeated for all remaining specimen. The specimens were then left 

to dry for at least 16 hours [16].  

Once the specimens were prepared, the liquid limit test was performed based on method 

A, the multipoint liquid limit, using a hand-operated liquid limit device, flat grooving tool, 

gauge, and spatula [16]. The gauge was used to calibrate the device [16]. Then, a small piece of 

the prepared specimen was scooped into the device and smoothed using the spatula [16]. The 

specimen was then tested according to ASTM D4318 [16]. The testing was repeated at least 4 

times for each specimen. The number of blows required for the groove to close and the water 

content were measured for each trial on each specimen. The water content for a given trial was 

obtained using equation 14. The water content and number of blows causing groove closure for a 

given trial were used to obtain the liquid limit through the following equation [16]: 

 

𝐿𝑖𝑞𝑢𝑖𝑑 𝐿𝑖𝑚𝑖𝑡 = (𝑊𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 %) 𝑥 ( 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑙𝑜𝑤𝑠 

25
)

0.121

 

           (15) 

 

Sample calculations for the liquid limit for a borehole 2, soil sample 2, specimen 51-1 are 

shown in Appendix H. The average liquid limit was obtained from each specimen. Table 24 in 
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Appendix H shows the liquid limit for borehole 2, soil sample 2. Table 26 in Appendix H shows 

the liquid limit for borehole 3, soil sample 3. 

 

 

6.3.4.1.1 Experimental Error 

While performing the liquid limit test, the soil sample was flooded with distilled water. A 

hairdryer was used to dry the flood sample in order to correct the amount of water in the soil and 

follow the ASTM D4318 [16].  

Only the liquid limit value for specimen 2-3 from borehole 3, soil sample 3 was used to 

obtained the liquid limit for that specimen. Specimen 2-4 from borehole 3, soil sample 3 was 

disregarded because the low water content and low number of blows is erroneous. As the water 

content increased, the expected number of blows to bring the groove to closure would decrease 

because the specimen is liquidized. Specimen 2-4 from borehole 3, soil sample 3 did not show 

this behavior. Specimen 2-2 and specimen 2-5 from borehole 3, soil sample 3 were disregarded 

because the water content for both specimen was below zero.  This caused the liquid limit to be 

zero, which is incorrect.  

 

 

6.3.4.2 Plastic Limit 

The soil samples for the plastic limit test were prepared in accordance to ASTM D 4318 [16]. 

The plastic limit tests were performed in accordance to ASTM D 4318 [16]. The plastic limit 

value is the water content of the soil. Equation 14 was used to obtain the water content percent of 

the specimens for each soil sample. Table 25 in Appendix H shows the plastic limit for borehole 

2, soil sample 2. Table 27 in Appendix H shows the plastic limit for borehole 3, soil sample 3. 

 

 

6.3.4.2.1 Experimental Error 

Specimen 2-3 from borehole 2, soil sample 2 was disregarded in the average calculation of the 

plastic limit because large pieces of stones were found in the specimen. The stones made it 

difficult to roll the specimen into a 3.2 mm thread. Therefore, this trial did not meet the 
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requirements of ASTM D4318 [16]. Specimen 2-2 from borehole 2, soil sample 2 was not used 

in the average calculation because the water content value was low and was not in the allowable 

usable range as determined per ASTM D4318 [16]. Specimen 2-2 from borehole 2, soil sample 2 

was not used in the average calculation because it was not within the clay standard deviation of 

1.2 or 2.0 for multilaboratory results, as stated in ASTM D4318 [16]. Specimen 2-2 from 

borehole 3, soil sample 3 was not used in the average calculation of the plastic limit because it 

was not within the clay standard deviation of 1.2 or 2.0 for multilaboratory results, as stated in 

ASTM D4318 [16]. 

 

 

6.3.4.3Plasticity Index 

The plasticity index was acquired based on the following equation [16]: 

 

𝑃𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥 = 𝐿𝑖𝑞𝑢𝑖𝑑 𝑙𝑖𝑚𝑖𝑡 − 𝑃𝑙𝑎𝑠𝑡𝑖𝑐 𝑙𝑖𝑚𝑖𝑡 

           (16) 

 

Sample calculations for the plasticity index for a borehole 2, soil sample 2, specimen 1 are 

shown in Appendix H.  

Based on the Atterberg’s limits tests results shown in Table 10 and 11 for borehole 2, soil 

sample 2 and borehole 3, soil sample 3, respectively, the soil at the proposed site is a low 

plasticity clay [16]. 

 

Soil Sample Liquid Limit Plastic Limit Plasticity Index 

Specimen 1 - Bowl 51 38 24 14 

Specimen 2 - Bowl 134 41 24 17 

Table 10 Results for Atterberg’s Limits Test on Borehole 2, Soil Sample 2 

 

Soil Sample Liquid Limit Plastic Limit Plasticity Index 

Specimen 1 - Bowl 12 38 20 18 

Specimen 2 - Bowl 53 39 20 10 

Table 11 Results for Atterberg’s Limits Test on Borehole 3, Soil Sample 3 
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6.3.5 Bearing Capacity 

The bearing capacity of the two soil samples were calculated with the following assumptions:  

(1) the soil exhibits undrained behavior, (2) the effective cohesion of the soil is equal to the 

undrained shear strength of the soil (c’ = Cu = Su), (3) effect unit weight is not used in the 

calculation, and (4) the foundation of the structure will be at least 2 feet below the soil. The first 

three assumptions are made because the soil is a fine grained soil (clay soil). Because the soil is a 

clay, the soil can exhibit undrained condition [17]. By assuming that the soil has undrained 

behavior, the friction angle, ɸ will be taken as 0 [17]. When the friction angle becomes 0, Nc will 

be taken as 5.7, Nq will be taken as 1.0, and Nγ will be taken as 0.0 [17]. By assuming that the 

foundation of the structure will be at least 2 feet below the soil, the design ensures that the 

foundation will be below the frost line.  

To calculate the bearing capacity of the soil, Terzaghi’s bearing capacity equation was 

used, as followed [17]:  

 

𝐵𝑒𝑎𝑟𝑖𝑛𝑔 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑝𝑠𝑓) = 1.3 ∗ 𝑐′ ∗ 𝑁𝑐 +  𝜎′𝑧𝑑 ∗ 𝑁𝑞 + 0.4 ∗ 𝛾′ ∗ 𝐵 ∗ 𝑁𝛾 

           (17) 

 

It should be noted that Terzaghi’s bearing capacity equation is conservative compared to other 

bearing capacity equations. Furthermore, the bearing capacity equation used adheres to the 

assumptions that Terzaghi developed in creating his theory. The assumptions are as followed: (1) 

the depth of the foundation is less than or equal to the base (D <_ B), (2) the bottom of the 

foundation is rough, (3) the soil beneath the foundation homogeneous, (4) the general shear 

mode governs, (5) shear strength does not exist in the soil between the ground surface and depth 

D, (6) the applied load is compressive, (7) the applied load is vertical to the centroid of the 

foundation and does not create a moment, (8) the foundation is rigid, (9) the foundation of the 

structure will be either square, rectangular, or circular, and (10) the foundation is not continuous 

[17].  

Sample calculations for the bearing capacity for a borehole 2, soil sample 2 are shown in 

Appendix H. Table 12 shows the bearing capacity values for borehole 2, soil sample 2 and 

borehole 3, soil sample 3. An allowable bearing capacity was calculated from the ultimate 
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bearing capacity. A factor of safety of 3 was used [17]. The following equation was used to 

calculate the allowable bearing capacity: 

 

𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝐵𝑒𝑎𝑟𝑖𝑛𝑔 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑝𝑠𝑓) =
𝑈𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝑏𝑒𝑎𝑟𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

3
 

           (18) 

 

Sample calculations for the bearing capacity for a borehole 2, soil sample 2 are shown in 

Appendix H. The results for the ultimate and allowable bearing capacity values for borehole 2, 

soil sample 2 and borehole 3, soil sample 3 are displayed in Table 12.  

 

 Borehole 2 

Soil Sample 2 

Borehole 3 

Soil Sample 3 

Average 

(Ultimate) Bearing Capacity (psf) 5449 10,304 7877 

Factor of Safety 3 3 - 

Allowable Bearing Capacity (psf) 1816 3435 2626 

Table 12 Bearing Capacity Values for Soil Samples 

 

Based on the bearing capacity of borehole 2 and 3, it can be determined that the strength 

of the soil varies quite significantly along the proposed greenway route. To be conservative, the 

allowable bearing capacity value of 2600 psf will be used for design purposes.  

 

 

6.4 Greenway Trail Type 

The main goal for the greenway path is to decrease the pedestrian walking distance between 20
th

 

street and 18
th

 street and to further enhance the area. The following section compares two options 

for the type of greenway trail for the proposed pathway. The first option is a boardwalk trail. The 

second option is a concrete sidewalk on grade. 
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6.4.1 Boardwalk 

One greenway trail option is a raised boardwalk. A boardwalk was designed in accordance with 

the AASHTO LRFD Guide Specifications for Design of Pedestrian Bridges [18]. International 

Building Code (IBC) and ASCE 7 were referenced to define applicable live loads and dead loads 

[19-20]. The boardwalk design considers southern yellow pine timber and TimberTech. The 

timber is specified for the structural elements of the structure while the TimberTech has been 

considered for the handrail and decking. TimberTech is recommended for the handrail and 

decking because it is a composite wood material, has a longer lifespan, and will incur a lower 

maintenance cost. The boardwalk was designed as 10 feet wide with a handrail 42 inches tall, 

which will provide safety for pedestrians. The boardwalk is supported with 6x6 columns that sit 

atop concrete piers. Some of the advantages with the boardwalk include easy installation of 

material and minimal required excavation. The cost was estimated based on a 1,267 foot long 

boardwalk. Preliminary cost estimations of only the TimberTech decking and rail, at a cost of 

$18.06 per square foot, yield a price of $228,820.20. This price only includes material and does 

not include labor, substructure, excavation, or footings. 

 

 

6.4.2 Concrete Sidewalk 

A second option is a concrete sidewalk with a Keystone Gravity Wall system. This option will 

require extensive excavation to obtain a desirable terrain to build a suitable AOA-compliant 

sidewalk. Elevations were obtained from a topographic map to estimate the required cut and fill 

for the proposed pathway. The total cut volume is estimated to be 1,797 cubic yards and the total 

fill volume is estimated to be 1,074 cubic yards. A retaining wall will be required on the upper 

and lower side of the sidewalk to prevent the soil from shifting and displacing the sidewalk. The 

concrete sidewalk option is appealing because of the longevity of the sidewalk and the lack of 

maintenance costs required. RSMeans was used to generate the cost of the concrete sidewalk [7, 

21]. Factors in the total cost that were included: excavation, coarse aggregate, concrete, retaining 

wall materials, hauling, grading, and compaction costs. The total cost estimation was 

$178,598.08. Table 13 shows the cost estimations for the retaining wall.  
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 Volume (yd
3
) Area (ft

2
) Cost ($) 

Cut Volume 1797.33 - 26,744.27 

Fill Volume 1074.44 - 1,987.72 

West Retaining Wall - 4307.75 53,114.56 

West Wall Backfill 120.70 - 4,365.85 

East Retaining Wall - 3439.25 42,405.95 

#57 West Wall Backfill 91.42 - 3,306.54 

Concrete for Sidewalk - 10,140 30,825.60 

Fine-Grading Cost - - 1,115.40  

Compaction Cost - - 8,615.31  

Hauling Cost - - 6,116.87 

Total Cost - - 178,598.08  

Table 13 Cost Estimation for Retaining Wall 

 

 

6.4.2 Conclusion of Trail Type 

As a result cost comparison between the boardwalk and the concrete sidewalk, the concrete 

sidewalk is the preferred design for the greenway path that will connect 18
th

 Street SE to 20
th

 

Street SE. While a comprehensive cost analysis was not performed, the cost of a composite 

material recommended for the boardwalk was significantly higher than the concrete sidewalk 

option. While an all-wood boardwalk would be feasible, and the cost more comparable, it is 

recommended that the concrete option be installed based on the assumption of lesser life cycle 

costs. 

 

 

6.5 Greenway Trail Design 

The concrete sidewalk option requires construction of retaining walls along the route length to 

address topographic changes. The following section discusses preliminary design calculations of 

the pressure acting on the retaining walls from the soil and the factory of safety against 

overturning and sliding in order to estimate a minimum wall thickness for a concrete retaining 

wall. Aesthetic design considerations for a concrete retaining wall and block retaining wall were 
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examined and compared to determine the most suitable type of retaining wall for the greenway 

trail. Safety and cost factors were explored to determine the suitability of the chosen type of 

retaining wall. 

 

6.5.1 Preliminary Retaining Wall Calculations 

The proposed retaining wall design will be a concrete wall with a unit weight of 150lb/ft
3
. 

Rankine’s theory was used to determine the wall’s stability. The wall stability equations used 

adheres to the assumptions that Rankine developed creating his theory. The assumptions are as 

followed: (1) the soil is homogeneous and isotropic, (2) the most critical shear surface is a plane, 

(3) the ground surface is a plane, (4) the wall is infinitely long so that plane strain conditions can 

be assumed, (5) the wall moves sufficiently to develop the active or passive conditions, and (6) 

the resultant of the normal and shear forces that act on the back of the wall is inclined at an angle 

parallel to the ground surface [17].  Furthermore, Rankine’s theory does not account for friction 

between the soil and the wall.  

To determine the wall stability, driving and resisting forces and moments acting on the 

wall were calculated. The following assumptions were made to calculate wall stability: (1) the at-

grade surface behind the west and east retaining wall are leveled, (2) the fill material is #57 

stone, and (3) a minimum wall embedment depth of 1 foot is required. The slope at the ground 

surface will be taken as 0 because the soil surface is leveled. The unit weight of the fill material 

will be taken as 92.2 lb/ft
3
. A minimum wall embedment depth of 1 foot is assumed for safety. 

The following assumptions were made with respect to the fill material to calculate active force: 

(1) the friction angle will be taken as 34°, the cohesion will is taken as 0, and pore water pressure 

was taken as 0 [22]. The in-situ soil parameters were obtained from the subsurface investigation. 

The friction angle, cohesion, and pore water pressure of the soil were taken as 0.  

To determine the wall stability, factory of safety for overturning and sliding are 

calculated. To ensure that the wall is stable, the factory of safety for overturning and sliding must 

exceed 1.5. The factor of safety for overturning and sliding, respectively, were determined with 

the following equations: 
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𝐹𝑆 =
∑ 𝑀𝑟

∑ 𝑀𝑑
 

           (19) 

 

𝐹𝑆 =
∑ 𝑃𝑟

∑ 𝑃𝑑
 

           (20) 

 

where Mr and Md are the moments of the resisting and driving forces, respectively, and Pr and Pd 

are the resisting and driving forces. The moment of the resisting force is calculated as follow: 

 

𝑀𝑟 = (𝑀𝑜𝑚𝑒𝑛𝑡 𝑎𝑟𝑚) ∗ 𝑃𝑟 

           (21) 

where Pr is the summation of the resisting forces preventing the retaining wall from overturning. 

For this project, resisting force is considered to be the weight of the wall and passive force is 

negligible due to its susceptibility to be altered during usage the design life. The weight of the 

wall is calculated with the following equation: 

  

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑎𝑙𝑙, 𝑊 = (𝐻𝑒𝑖𝑔ℎ𝑡) ∗ (𝐿𝑒𝑛𝑔𝑡ℎ) ∗ (𝑊𝑖𝑑𝑡ℎ) ∗  𝛾 

           (22)  

 

where the length of the wall will be taken as a unit length. 

The driving moment is calculated as follow: 

 

𝑀𝑑 = (𝑀𝑜𝑚𝑒𝑛𝑡 𝑎𝑟𝑚) ∗ 𝑃𝑑 

           (23) 

 

where Pd is the summating of the driving forces causing the retaining wall to overturn. For this 

project, active force is the driving force and is calculated as follow: 
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𝑃𝑎 =
𝐻

2
∗ 𝜎𝑎 

           (24) 

 

where H is the height of the retaining wall and σa is the active pressure. The active pressure is 

calculated by the following equation: 

 

𝜎𝑎 = 𝐾𝑎 ∗ 𝜎′𝑣 

           (25) 

 

where Ka is the dimensionless K-active and σ’v is the effective stress in lb/ft
2
. Ka and σ’v are 

calculated as follow: 

𝐾𝑎 =
1 − sin (𝜑)

1 + sin (𝜑)
 

           (26) 

 

𝜎′𝑣 = (𝐻𝑒𝑖𝑔ℎ𝑡) ∗  𝛾 

           (27). 

 

Sample calculations for the factor of safety for sliding and overturning are shown in 

Appendix J. With a minimum thickness of 3.5 feet, the retaining walls on both sides of will meet 

the factor of safety requirement for overturning and sliding. While this analysis disregards 

construction of a footing for this retaining wall, which will reduce the required thickness, 

alternative options to a traditional concrete retaining wall are likely to be more cost effective and 

are discussed in the following section. 

 

 

6.5.2 Retaining Wall Decision 

Two types of retaining walls were considered for the greenway route, a concrete retaining wall or 

a block gravity retaining wall. The two walls were compared to determine which wall should be 

constructed.  



SWNTRR 

68 
 

  The City of Cleveland showed a preference for a greenway route due the beneficial 

features that will be adding to the community.  Based on aesthetics, it is suggested that the block 

retained wall will be used to create a more natural atmosphere along the pathway. Additionally, 

it is presumed that the likely added cost of a block system will be minimal and that the aesthetic 

along the route warrants the additional cost. To determine the type of block retaining wall, the 

required overall height of 6 feet for the designed retaining wall was taken into consideration. As 

a result, the Redi-Rock and Keystone block retaining walls were considered.  

The Redi-Rock retaining wall has large units that weigh up to a ton and will be able to 

retain soil for very high heights. Unfortunately, the Redi-Rock retaining wall will require large 

equipment, which is unsuitable for the greenway area and will cause slope stability concerns 

during construction. Furthermore, the capability of the Redi-Rock retaining wall over-exceeds 

the required capability of the designed retaining wall and therefore should not be used. 

The Keystone retaining wall has small units that weight approximately 115 pounds. The 

units can be installed manually and therefore will not require large equipment or create slope 

stability concerns. Though the wall units are lightweight, the Keystone retaining wall will be able 

to withstand the applied wall pressures up to 6 feet. Therefore, the Keystone block retaining wall 

system was chosen. From the available types of Keystone units, the standard unit was chosen for 

cost reasons.  

The SRWalls software was used to determine wall stability. Vendor product data was 

obtained from Keystone Retaining Walls System. A minimum friction angle value was required 

in order to utilize the SRWalls software, and therefore a friction angle of 0.05 was used. Results 

from the SRWalls software confirmed that the proposed retaining wall design exceeds the factor 

of overturning and sliding requirement of 1.5. 
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8.0 Rain Garden Design 

In addition to inadequate pedestrian infrastructure, the neighborhood lacks drainage features to 

collect and convey stormwater that accumulates on the roadways. Feasibility, rationality, 

maintenance, and aesthetics were considered in order to compare and choose between two types 

of drainage systems, swales and rain gardens. Both designs were determined to be equally 

feasible because Blythe Avenue has 50 feet of ROW and a large drainage channel at a central 

location.  

Scattered throughout the neighborhood exists poorly constructed and maintained drainage 

swales that are inefficient. The swales will need to be redesigned and properly maintained to be 

free of obstruction in order to create an effective storm water system that provides drainage to 

the neighborhood.  

The type of bioretention cell considered for this project is rain gardens. A rain garden is a 

planted depression designed to retain, filter, and treat storm water runoff before it infiltrates the 

soil or discharges downstream, therefore reducing runoff [23]. Blythe Avenue was selected as 

the location for a representative design of rain gardens due to three reasons. The first reason is 

because the Cleveland representatives expressed an interest in developing this portion of the 

neighborhood as part of a greenway extension program. Secondly, the Family Support Center 

located on Blythe Avenue is a community focal point. Lastly, the ROW along Blythe Avenue 

provides a generous amount of space for the design and allows for design flexibility.   

The rain garden design was the preferred design because it had the best balance of 

maintenance, functionality, and aesthetic appeal. Although the rain gardens will require more 

maintenance than a traditional swale, such as plant upkeep, trash mitigation, and sediment 

removal, the design provides more functionality and attractive features. In addition to providing 

runoff collection and conveyance, rain gardens are capable of cleaning and infiltration of urban 

runoff.  
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9.0 Sidewalk Design 

Sidewalks will be built in accordance to TDOT Standards. Sidewalk placement decisions were 

based on:  (1) the space available in the ROW, (2) minimizing the amount of crosswalks added, 

and (3) minimizing conflict with existing utility poles. The space available in the ROW was 

considered because sidewalks could not be placed on roads that did not have adequate space. If a 

road was too narrow and lacked an adequate amount of ROW, the road was avoided in the 

sidewalk placement decision. Minimizing the amount of added crosswalks was considered to 

minimize costs and to improve pedestrian safety. By minimizing the amount of crosswalks 

added, pedestrians will be required to cross the street will less and therefore decreasing the 

chance of exposing pedestrians to oncoming traffic. Sidewalk placement decisions also 

minimized conflicts with existing utility pole in order to minimize construction cost for 

relocating utility poles. Figure 32 portrays the placements of sidewalks in the neighborhood. 
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Figure 32 Placement of sidewalks in the neighborhood 

Legend 

 Sidewalks 

 Site border 
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10.0 Conclusion 

Based on the comparative analysis, greenway trail type comparison, and engineering 

calculations, it can be concluded that the greenway alternative with a slab on grade sidewalk, 

with a block gravity retaining wall on both sides of the pathway paired with the neighborhood 

connector option B are the best options that will meet the required needs of neighborhood and 

the City of Cleveland Blythe Sidewalk Extension and neighborhood connector plan. 

Furthermore, sidewalks that will be added will adhere to TDOT standards and result in the 

minimal numbers of crosswalk needed across the sidewalk system. 

As a result of the implementation of the greenway alternative, some pedestrian safety 

concerns will have to be addresses due to increase pedestrian traffic. A lack of crosswalks and 

street signs at intersections throughout the neighborhood will cause safety concerns for 

pedestrian. To address this issue, a crosswalk and stop lines shall be added. An unsignalized 

pedestrian stop sign is recommended to be placed a minimum of 50 feet from the intersection of 

11
th

 Street SE and Wilson Avenue on 11
th

 Street SE. The sign will inform approaching drivers of 

a crosswalk on 11
th

 Street SE and will alert drivers to pedestrians crossing. An uncontrolled 

multi-lane approach design is recommended at the intersections of 18
th

 Street SE and Blythe 

Avenue. The crosswalk will connect the sidewalk on the east side of Blythe Avenue to the 

sidewalk on the south side of 18
th

 Street SE to address pedestrian traffic, as indicated in Figure 

33.  
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Figure 33 18
th

 Street SE crosswalk 

 

Due to a lack of stop signs on 18
th

 Street SE, stop lines will be added to ensure pedestrian safety. 

Based on the crosswalk sign options in Figure 14, the following unsignalized crosswalk stop sign 

will be used for the 18
th

 Street SE crosswalk, as portrayed in Figure 34 below.  

 

 

Figure 34 Unsignalized pedestrian crosswalk stop sign 
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APPENDIX A 

 

Sample Calculations 

 

[The following provides sample calculations for connected node ratio (CNR) and link node ratio 

(LNR)] 

 

 

Sample Calculation for Blythe Ave School Connector Route & Option A 

 

𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑁𝑜𝑑𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑟𝑒𝑒𝑡 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑡𝑒𝑟𝑠𝑒𝑐𝑡𝑖𝑜𝑛𝑠 + 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑢𝑙 − 𝑑𝑒 − 𝑠𝑎𝑐𝑠
 

 

=
5

5 + 2
 = 0.714286 

 

 

Sample Calculation for Blythe Ave School Connector Route & Option A 

 

𝐿𝑖𝑛𝑘 𝑁𝑜𝑑𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑖𝑛𝑘𝑠

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑑𝑒𝑠
 

=  
7

7
 = 1.0 
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Table 14 Link-Node Ratio, Connected Node Ratio, and Percent 4-Way Intersections for Blythe Ave School Connector Route 

 

 

 

 
Table 15  Link-Node Ratio, Connected Node Ratio, and Percent 4-Way Intersections for Greenway School Connector Route 

 

Total Total

Option A B A B A B A B A B A B

# of Links 7 5 13 14 11 8 14 16 5 5 36 39

# of Nodes 7 5 11 11 10 7 12 12 5 5 27 24

# of Cul-de-Sacs 2 1 0 0 2 1 0 0 0 0 3 1

# of Intersections 5 4 11 11 8 6 12 12 5 5 24 23

Link-Node Ratio 1 1 1.181818 1.272727 1.1 1.142857 1.166667 1.333333 1 1 1.333333 1.625

Connected Node Ratio 0.714286 0.8 1 1 0.8 0.857143 1 1 1 1 0.888889 0.958333

% 4-Way Intersections - - - - - - - - - - 16.66667 21.73913

School Connector Route: Blythe Ave

Neighborhood Zone

1 2 3 4 5

Total Total

Option A B A B A B A B A B A B

# of Links 7 5 13 14 11 8 14 16 6 7 37 36

# of Nodes 7 5 11 11 10 8 12 13 6 7 28 28

# of Cul-de-Sacs 2 1 0 0 2 1 0 0 1 1 4 2

# of Intersections 5 4 11 11 8 7 12 13 5 6 24 26

Link-Node Ratio 1 1 1.181818 1.272727 1.1 1 1.166667 1.230769 1 1 1.321429 1.285714

Connected Node Ratio 0.714286 0.8 1 1 0.8 0.875 1 1 0.833333 0.857143 0.857143 0.928571

% 4-Way Intersections - - - - - - - - - - 16.66667 19.23077

School Connector Route: Greenway

Neighborhood Zone

1 2 3 4 5
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Table 16 Link-Node Ratio, Connected Node Ratio, and Percent 4-Way Intersections for Dalton Pike School Connector Route

Total Total

Option A B A B A B A B A B A B

# of Links 7 5 13 14 11 8 14 16 4 4 35 34

# of Nodes 7 5 11 11 10 7 12 12 5 5 27 25

# of Cul-de-Sacs 2 1 0 0 2 1 0 0 1 1 4 2

# of Intersections 5 4 11 11 8 6 12 12 4 4 23 23

Link-Node Ratio 1 1 1.181818 1.272727 1.1 1.142857 1.166667 1.333333 0.8 0.8 1.296296 1.36

Connected Node Ratio 0.714286 0.8 1 1 0.8 0.857143 1 1 0.8 0.8 0.851852 0.92

% 4-Way Intersections - - - - - - - - - - 13.04348 17.3913

School Connector Route: Wildwood Ave

Neighborhood Zone

1 2 3 4 5
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APPENDIX B 

 

 

Sample Calculations 

 

[The following provides sample calculations for pedestrian route directness] 

 

 

Sample calculation for Blythe Avenue Route 

 

𝑃𝑒𝑑𝑒𝑠𝑡𝑟𝑖𝑎𝑛 𝑅𝑜𝑢𝑡𝑒 𝐷𝑖𝑟𝑒𝑐𝑡𝑛𝑒𝑠𝑠 =
𝑅𝑜𝑢𝑡𝑒 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑆𝑡𝑟𝑎𝑖𝑔ℎ𝑡 𝐿𝑖𝑛𝑒 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
 

 

=
1.004 𝑚𝑖𝑙𝑒𝑠

. 852 𝑚𝑖𝑙𝑒𝑠
 = 1.178 
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APPENDIX C 

 

 

Sample Calculations 

 

[The following provides sample calculations for effective walk area (EWA)] 

 

 

Sample calculation for EWA on 20
th

 Street Blythe Avenue intersection 

 

𝐸𝑓𝑓𝑒𝑐𝑡𝑖𝑣𝑒 𝑊𝑎𝑙𝑘 𝐴𝑟𝑒𝑎 (𝐸𝑊𝐴) =
𝐴𝑐𝑐𝑒𝑠𝑖𝑏𝑙𝑒 𝑃𝑎𝑟𝑐𝑒𝑙𝑠

𝑇𝑜𝑡𝑎𝑙 𝑃𝑎𝑟𝑐𝑒𝑙𝑠
 

 

=
47

112
 =  .420 
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Table 17 EWA for Main Proposed Routes and Connector Option A 

 

 

Node Parcel within Walking Distance Total Parcels EWA

20th Street/Blythe Ave 47 112 0.419643

18th Street/Blythe Ave 121 165 0.733333

16th Street/Blythe Ave 174 246 0.707317

13th Street/Blythe Ave 222 271 0.819188

11th Street/Blythe Ave 191 223 0.856502

9th Street/Blythe Ave 125 158 0.791139

18th street/Aurora Ave 114 191 0.596859

20th Street/Greenway 33 100 0.33

18th street/Wilson Ave 116 184 0.630435

13th Street/Wilson Ave 236 342 0.690058

East Street/Hardwick St 154 264 0.583333

14th Street/Hardwick St 140 251 0.557769

15th Street/Hardwick St 145 257 0.564202

9th Street/Hardwick St 110 202 0.544554

16th Street/Aurora Ave 191 316 0.60443

15th Street/Aurora Ave 213 343 0.620991

9th Street/Wildwood Ave 110 202 0.544554

East Street/Wildwood Ave 142 239 0.594142

14th Street/Wildwood Ave 95 198 0.479798

15th Street/Wildwood Ave 87 196 0.443878

18th Street/Wildwood Ave 67 185 0.362162

20th Street/Wildwood Ave 30 95 0.315789

13th Street/Aurora Ave 225 338 0.66568

13th Street/SE King Edward Ave 150 214 0.700935

9th Street/Aurora Ave 136 224 0.607143

Average EWA 0.590553
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Table 18 EWA for Main Proposed Routes and Connector Option B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Node Parcel within Walking Distance Total Parcels EWA

20th Street/Blythe Ave 23 112 0.205357

18th Street/Blythe Ave 96 165 0.581818

16th Street/Blythe Ave 153 246 0.621951

13th Street/Blythe Ave 194 271 0.715867

11th Street/Blythe Ave 200 223 0.896861

9th Street/Blythe Ave 112 158 0.708861

18th street/Aurora Ave 114 191 0.596859

20th Street/Greenway 33 100 0.33

18th street/Wilson Ave 93 184 0.505435

13th Street/Wilson Ave 229 342 0.669591

East Street/Hardwick St 160 264 0.606061

14th Street/Hardwick St 144 251 0.573705

15th Street/Hardwick St 144 257 0.560311

9th Street/Hardwick St 105 202 0.519802

16th Street/Aurora Ave 176 316 0.556962

15th Street/Aurora Ave 195 343 0.568513

9th Street/Wildwood Ave 105 202 0.519802

East Street/Wildwood Ave 132 239 0.552301

14th Street/Wildwood Ave 127 198 0.641414

15th Street/Wildwood Ave 120 196 0.612245

18th Street/Wildwood Ave 61 185 0.32973

20th Street/Wildwood Ave 25 95 0.263158

13th Street/Aurora Ave 237 338 0.701183

13th Street/SE King Edward Ave 149 214 0.696262

9th Street/Aurora Ave 130 224 0.580357

Average EWA 0.564576
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APPENDIX D 

 

 

Sample Calculations 

 

[The following provides sample calculations for stopping sight distance (SSD)] 

 

 

Calculation of Stopping Sight Distance at Crosswalk 46 

 

Coefficient of friction (when road is wet), f = 0.7 

Perception of time, t = 2.5 seconds 

Speed Limit, v = 30 mph 

Gradient between Vehicle 46 and Pedestrian 46, G 

 

𝐺𝑟𝑎𝑑𝑒, 𝐺 =
(𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑎𝑡 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘) − (𝐸𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑣𝑒ℎ𝑖𝑐𝑙𝑒)

𝐴𝑏𝑠𝑜𝑙𝑢𝑡𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒
 

 

=
(909 𝑓𝑡) − (910 𝑓𝑡)

132 𝑓𝑡
 =  −0.007575 

       

 

𝑆𝑡𝑜𝑝𝑝𝑖𝑛𝑔 𝑆𝑖𝑔ℎ𝑡 𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒, 𝑆𝑆𝐷 = 1.47 𝑥 (𝑉)𝑥 (𝑡) 𝑥 [
𝑉2

𝐴𝑜 (𝑓 + 𝐺)
] 

= 1.47 𝑥 (30 𝑚𝑝ℎ)𝑥 (2.5 𝑠𝑒𝑐𝑜𝑛𝑑𝑠) 𝑥 [
(30 𝑚𝑝ℎ)2

(30)(0.7 − 0.007575)
] 

 

        = 

 

Stopping Sight Distance Conflict:  

Absolute Distance > SSD  

132 ft > 153.6 ft 

                               , thus there is a stopping sight distance conflict.  

 

 

 

 

 

 

FALSE

153.6 ft
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If
 A

b
so

lu
te

 D
is

ta
n
ce

 >
 S

S
D

? 

183.8 1 898 353 912 
   

1 
  

T 

120.9 2 910 230 914 120.92 120.92 120.92 2 
  

T 

151.8 3 902 365 910 
   

3 
  

T 

149.9 4 885 404 908 
   

4 
  

T 

152.2 5 900 458 907 
   

5 
 

112.50 T 

151.8 6 933 188 937 
   

6 
  

T 

157.8 7 936 349 912 
   

7 
  

T 

154.6 8 924 375 915 
   

8 152.19 152.19 T 

151.6 9 909 428 920 
   

9 151.84 151.84 T 

154.2 10 909 285 904 
   

10 157.78 157.78 T 

148.0 11 875 298 903 
   

11 154.63 154.63 T 

119.9 12 893 267 904 
   

12 
  

T 

184.9 13 906 706 924 184.91 184.91 184.91 13 
  

T 

151.6 14 917 233 923 
   

14 
  

T 

149.4 15 886 302 906 149.40 149.40 149.40 15 149.40 
 

T 

157.1 16 909 285 892 
   

16 
  

T 
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150.1 17 873 268 887 150.13 150.13 150.13 17 
  

T 

152.5 18 869 389 873 
   

18 
  

T 

153.5 19 902 312 900 
   

19 
  

T 

153.8 20 904 277 901 153.78 153.78 153.78 20 
  

T 

155.9 21 890 547 866 155.97 155.97 155.97 21 
  

T 

158.3 22 888 291 866 
   

22 158.29 158.29 T 

154.6 23 899 255 893 
   

23 
  

T 

156.1 24 876 219 866 
   

24 156.09 156.09 T 

153.3 25 873 375 872 
   

25 
 

153.27 T 

157.5 26 895 321 874 
   

26 
 

157.53 T 

154.6 27 921 390 912 
   

27 
 

154.57 T 

151.2 28 913 388 926 
   

28 153.27 153.27 T 

159.6 29 904 270 879 
   

29 
  

T 

157.2 30 907 281 890 
   

30 
  

T 

161.6 31 913 147 896 
   

31 
  

F 

160.1 32 925 276 898 
   

32 
  

T 

152.2 33 930 286 934 
   

33 112.58 112.58 T 

156.1 34 934 281 921 
   

34 116.45 116.45 T 

118.8 35 923 174 936 118.77 
  

35 
  

T 

150.2 36 926 314 942 150.19 
  

36 
  

T 

152.5 37 922 304 925 152.51 
  

37 152.51 152.51 T 

152.9 38 909 305 910 
   

38 152.91 
 

T 

153.4 39 925 219 924 
   

39 153.39 153.3 T 

152.0 40 916 277 921 
   

40 152.03 
 

T 

148.5 41 905 188 921 
   

41 148.46 148.46 T 

151.1

2 
42 903 240 911 

   
42 151.16 151.16 T 

151.3 43 899 165 904 
   

43 151.16 151.16 T 
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151.7 44 902 173 906 
   

44 151.74 
 

T 

150.6 45 874 303 887 
   

45 150.63 
 

T 

153.6 46 910 132 909 
   

46 153.58 
 

F 

150.7 47 886 242 896 
   

47 150.72 
 

T 

149.9 48 881 227 894 
   

48 149.87 
 

T 

157.9 49 904 241 887 
   

49 157.91 
 

T 

148.0 50 893 211 913 
   

50 
 

147.99 T 

157.2 51 909 298 891 
   

51 
 

157.15 T 

  Sum (ft) 1336.6 915.1 915.1  3438.6 2952.8  

  Average (ft) 148.5 152.5 152.51  149.5 155.4  

  Cross Walks # 9.0 6.0 6.0  23.0 19.0  

Table 19 Stopping Sight Distance Results
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APPENDIX E 

 

 

Sample Calculations 

 

[The following provides sample calculations for right of way (ROW)] 

 

 

Right of Way for Blythe Ave SE between 20
th

 & 18
th

 Street: 

ROW > 40 ft  

35 ft > 40 ft 

                              , thus there is a ROW conflict 

 

Right of Way for 15
th

 St. between Blythe Ave SE & Aurora Ave SE: 

ROW > 40 ft  

20 ft > 40 ft 

                              , thus there is a ROW conflict 

 

Right of Way for 18
th

 St. between Blythe Ave SE & Wildwood Ave SE: 

ROW > 40 ft  

35 ft > 40 ft 

                              , thus there is a ROW conflict 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FALSE

FALSE

FALSE
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APPENDIX F 

 

 

Sample Calculations 

 

[The following provides sample calculations for cost and distance] 

 

 

Sample Calculation for Blythe Ave School Connector Route & Neighborhood Sidewalk 

Connector A 

 

 

Mileage of Blythe Avenue that requires sidewalk converted into linear foot  

 

Mileage of Blythe Avenue route that requires sidewalk 

𝑆𝑖𝑑𝑒𝑤𝑎𝑙𝑘 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 (𝑚𝑖𝑙𝑒𝑠) = 0.54 𝑚𝑖𝑙𝑒𝑠   

 

 

Mileage of Blythe Avenue route that requires sidewalk converted into linear foot  

𝑆𝑖𝑑𝑒𝑤𝑎𝑙𝑘 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 (𝑓𝑒𝑒𝑡) = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑜𝑢𝑡𝑒 𝑥 (
5280 𝑓𝑒𝑒𝑡

𝑚𝑖𝑙𝑒
) 

= 0.54 𝑚𝑖𝑙𝑒𝑠 𝑥 (
5280 𝑓𝑒𝑒𝑡

𝑚𝑖𝑙𝑒
) = 2851.2 𝑓𝑒𝑒𝑡 

 

Average cost for sidewalk based on linear foot on Blythe Avenue Route 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑆𝑖𝑑𝑒𝑤𝑎𝑙𝑘 ($)

= ∑(𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘  𝑥 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑙𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡) 

= (2851.2 𝑓𝑒𝑒𝑡) 𝑥 ($21
 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑐𝑢𝑟𝑏 𝑎𝑛𝑑𝑔𝑢𝑡𝑡𝑒𝑟

𝑙𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡
)

+ (2851.2 𝑓𝑒𝑒𝑡) 𝑥 ($32
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘

𝑙𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡
) 

= $151,113.6 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘  

 

 

Average cost of stripped crosswalk for Blythe Avenue 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑆𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝐶𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘

= (𝐴𝑚𝑜𝑢𝑛𝑡 𝑓𝑜𝑟 𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘𝑠) 𝑥 (
$770

𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘
) 
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= (6 𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘) 𝑥 (
$770

𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘
)  

= $4620  

 

 

Formwork cost for Blythe Avenue 

𝐹𝑜𝑟𝑚𝑤𝑜𝑟𝑘 𝐶𝑜𝑠𝑡 = (𝐿𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘) 𝑥 2 𝑠𝑖𝑑𝑒𝑠 𝑥 (
$2.76

𝑓𝑒𝑒𝑡
) 

= (3907.2 𝑓𝑒𝑒𝑡) 𝑥 2 𝑠𝑖𝑑𝑒𝑠 𝑥 (
$2.76

𝑓𝑒𝑒𝑡
)  

= $21,567.74  

 

 

Construction cost for Blythe Avenue 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 

= (𝐿𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘) 𝑥 5 𝑓𝑒𝑒𝑡 𝑤𝑖𝑑𝑒 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘𝑠 𝑥 (
$1.94

𝑓𝑒𝑒𝑡
) 

= (3907.2 𝑓𝑒𝑒𝑡) 𝑥 5 𝑓𝑒𝑒𝑡 𝑤𝑖𝑑𝑒 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘𝑠 𝑥 (
$1.94

𝑓𝑒𝑒𝑡
)  

= $37,899.84  

 

 

Total average cost for Blythe Avenue Route  

𝑇𝑜𝑡𝑎𝑙 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡 ($)

= 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘

+ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘 

= $151,113.6 + $4620 + $21,567.74 + $37,899.84

= $215,201.18  

 

 

Mileage of Neighborhood Sidewalk Connector A that requires sidewalk converted into linear 

foot  

𝑆𝑖𝑑𝑒𝑤𝑎𝑙𝑘 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 (𝑓𝑒𝑒𝑡) = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑜𝑢𝑡𝑒 𝑥 (
5280 𝑓𝑒𝑒𝑡

𝑚𝑖𝑙𝑒
) 

= 2.33 𝑚𝑖𝑙𝑒𝑠 𝑥 (
5280 𝑓𝑒𝑒𝑡

𝑚𝑖𝑙𝑒
) = 12,302.4 𝑓𝑒𝑒𝑡 

 

 

Average cost of sidewalk based on linear foot  
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𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑆𝑖𝑑𝑒𝑤𝑎𝑙𝑘 ($)

= ∑(𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘  𝑥 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑙𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡) 

= (12,302.4 𝑓𝑒𝑒𝑡) 𝑥 ($21
 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑐𝑢𝑟𝑏 𝑎𝑛𝑑𝑔𝑢𝑡𝑡𝑒𝑟

𝑙𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡
)

+ (12,302.4 𝑓𝑒𝑒𝑡) 𝑥 ($32
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘

𝑙𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡
) 

= $652,027.2 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘  

 

Average cost of stripped crosswalk for Neighborhood Connector A 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑆𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝐶𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘

= (𝐴𝑚𝑜𝑢𝑛𝑡 𝑓𝑜𝑟 𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘𝑠) 𝑥 (
$770

𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘
) 

= (27 𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘) 𝑥 (
$770

𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘
)  

= $20,790  

 

 

Average cost of stripped crosswalk for Wildwood Avenue 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑆𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝐶𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘

= (𝐴𝑚𝑜𝑢𝑛𝑡 𝑓𝑜𝑟 𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘𝑠) 𝑥 (
$770

𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘
) 

= (7 𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘) 𝑥 (
$770

𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘
)  

= $5,390  

 

Formwork cost for Neighborhood Connector A 

𝐹𝑜𝑟𝑚𝑤𝑜𝑟𝑘 𝐶𝑜𝑠𝑡 = (𝐿𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘) 𝑥 2 𝑠𝑖𝑑𝑒𝑠 𝑥 (
$2.76

𝑓𝑒𝑒𝑡
) 

= (12,302.4 𝑓𝑒𝑒𝑡) 𝑥 2 𝑠𝑖𝑑𝑒𝑠 𝑥 (
$2.76

𝑓𝑒𝑒𝑡
)  

= $67,909.25  

 

 

Construction cost for Neighborhood Connector A 

𝐶𝑜𝑛𝑠𝑡𝑟𝑢𝑐𝑡𝑖𝑜𝑛 𝐶𝑜𝑠𝑡 

= (𝐿𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡𝑎𝑔𝑒 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘) 𝑥 5 𝑓𝑒𝑒𝑡 𝑤𝑖𝑑𝑒 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘𝑠 𝑥 (
$1.94

𝑓𝑒𝑒𝑡
) 
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= (12,302.4 𝑓𝑒𝑒𝑡)𝑥 5 𝑓𝑒𝑒𝑡 𝑤𝑖𝑑𝑒 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘𝑠 𝑥 (
$1.94

𝑓𝑒𝑒𝑡
)  

= $119,333.28  

 

Total average cost for Neighborhood Connector A based  

𝑇𝑜𝑡𝑎𝑙 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡 ($)

= 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘

+ ∑ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑠𝑡𝑟𝑖𝑝𝑝𝑒𝑑 𝑐𝑟𝑜𝑠𝑠𝑤𝑎𝑙𝑘 

= $652,027.2 + $20,790 +  $5,390 + $67,909.25

+ $119,333.28  

= $865,449.73  

 

 

Mileage of required sidewalk repairs converted into linear foot  

 

Mileage of required sidewalk repairs 

𝑆𝑖𝑑𝑒𝑤𝑎𝑙𝑘 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 (𝑚𝑖𝑙𝑒𝑠) = 0.53 𝑚𝑖𝑙𝑒𝑠   

 

 

Mileage of Blythe Avenue route that requires sidewalk converted into linear foot  

𝑆𝑖𝑑𝑒𝑤𝑎𝑙𝑘 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑑 (𝑓𝑒𝑒𝑡) = 𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑜𝑢𝑡𝑒 𝑥 (
5280 𝑓𝑒𝑒𝑡

𝑚𝑖𝑙𝑒
) 

= 0.53 𝑚𝑖𝑙𝑒𝑠 𝑥 (
5280 𝑓𝑒𝑒𝑡

𝑚𝑖𝑙𝑒
) = 2798.4 𝑓𝑒𝑒𝑡 

 

Average cost for required sidewalk based on linear foot  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐶𝑜𝑠𝑡 𝑜𝑓 𝑆𝑖𝑑𝑒𝑤𝑎𝑙𝑘 ($)

= ∑(𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘  𝑥 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑝𝑒𝑟 𝑙𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡) 

= (2798.4  𝑓𝑒𝑒𝑡) 𝑥 ($21
 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑐𝑢𝑟𝑏 𝑎𝑛𝑑𝑔𝑢𝑡𝑡𝑒𝑟

𝑙𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡
)

+ (2798.4  𝑓𝑒𝑒𝑡) 𝑥 ($32
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑐𝑜𝑛𝑐𝑟𝑒𝑡𝑒 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘

𝑙𝑖𝑛𝑒𝑎𝑟 𝑓𝑜𝑜𝑡
) 

= $148,315.2 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑠𝑖𝑑𝑒𝑤𝑎𝑙𝑘  
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Cost Category Cost ($) 

Average cost of curb and gutter per linear foot 21 

Average cost of concrete sidewalk per linear 

foot 

32 

Average railing cost per linear foot 100 

Average cost for each striped crosswalk 770 

Table 20 Average cost for infrastructures 

 

 

 

 Number of Crosswalks Cost of Crosswalks ($) 

Blythe Avenue 6 4620 

Greenway 6 4620 

Dalton Pike 8 6160 

Wildwood Avenue 7 5390 

Neighborhood Connector Option A 27 20790 

Neighborhood Connector Option B 27 20790 

Table 21 Number and cost of Crosswalks per Route and Neighborhood Connector 

 

 

 

 

 

 

 



SWNTRR 

94 
 

APPENDIX G 

 

 

 

 

Table 22 Results of Comparative Matrix Analysis for Each Route and Connector Option

Design Consideration 

Blyth Ave Alternatives 

Neighborhood Connector 

Alternatives 

Blythe Ave Greenway Dalton Pike Option A Option B 

Pedestrian Route 

Directness 1.178 1.13 1.539 - - 

Effective Walk Area - - - 0.590553 0.564576 

Stopping Sight Distance 0 0 0 1.00 0.00 

Number of Crosswalks 6 6 8 27 27 

ROW Conflicts 1 1 2 2 3 

Cost $563,723  $684,610  $615,691  $865,450  $847,440  

Cumulative Route 

Length 0.85 0.85 1.32 

2.33 miles of 

sidewalk 

2.28 miles in 

sidewalk 

 

Option A Option B Option A Option B Option A Option B 

 Connected Node Ratio 0.889 0.958 0.857 0.929 0.852 0.92 

  Link-Node Ratio 1.333 1.625 1.321 1.286 1.296 1.360 
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APPENDIX H 

 

 

Sample Calculations 

 

[The following provides sample calculations for the undrained shear strength, unconfined 

compression test, and the soil’s unit weight, water content, liquid limit, plastic limit, plasticity 

index, and bearing capacity]  

 

 

Undrained Shear Strength Reading 

Reading on graduated scale was 0.8. 

Each mark on graduate scale equals 1kPa. 

Undrained shear strength = 80kPa 

Conversion:  

𝑈𝑛𝑑𝑟𝑎𝑖𝑛𝑒𝑑 𝑆ℎ𝑒𝑎𝑟 𝑆𝑡𝑟𝑒𝑛𝑔𝑡ℎ, 𝑆𝑢 (
𝑙𝑏

𝑓𝑡.2
) = (80 𝑘𝑃𝑎)𝑥 (

1000 𝑃𝑎

𝑘𝑃𝑎
) 𝑥

0.0208854342
𝑙𝑏

𝑓𝑡2

𝑃𝑎
 

= 1670.835 
lb

ft.2
   

 

      

Sample calculations for unconfined compression test for borehole 3, sample 3: 

 

𝑆𝑡𝑟𝑎𝑖𝑛, 𝜀 =
𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑙𝑒𝑛𝑔𝑡ℎ

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ
 

=
0.00060826 𝑖𝑛.

2.407𝑖𝑛
= 0.0002527  

 

𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐴𝑟𝑒𝑎 (𝑖𝑛𝑐ℎ𝑒𝑠2) =
𝜋

4
𝑥(𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟)2 

=  
𝜋

4
𝑥(1.869 𝑖𝑛. )2 = 2.7435 𝑖𝑛.2 
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𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝐴𝑟𝑒𝑎 (𝑖𝑛𝑐ℎ𝑒𝑠2) =
𝑂𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝐴𝑟𝑒𝑎 

1 − 𝜀
 

=
2.7435 𝑖𝑛.2 

1 − 0.0002527
 = 2.74422 𝑖𝑛.2 

 

𝑆𝑡𝑟𝑒𝑠𝑠 (𝑝𝑠𝑖) =
𝐿𝑜𝑎𝑑

𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑎𝑟𝑒𝑎
 

=
1.382 𝑙𝑏𝑠.

2.74422 𝑖𝑛.2
= 0.5036

𝑙𝑏

𝑖𝑛.2
 

 

𝑆ℎ𝑒𝑎𝑟 𝑆𝑡𝑟𝑒𝑠𝑠 (𝑝𝑠𝑓) =
𝑈𝑛𝑐𝑜𝑛𝑓𝑖𝑛𝑒𝑑 𝑐𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑖𝑣𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ

2
 

=
19

𝑙𝑏
𝑖𝑛.2

2
 𝑥 

144𝑖𝑛.2

𝑓𝑡.2
= 2736

𝑙𝑏

𝑓𝑡.2
 

 

 

Sample calculations for unit weight borehole 2, sample 2: 

Mass of sample = 320.5134 g 

 

𝑉𝑜𝑙𝑢𝑚𝑒 (𝑖𝑛3) = 𝜋 𝑥 𝐻𝑒𝑖𝑔ℎ𝑡 𝑥 𝑅𝑎𝑑𝑖𝑢𝑠2 

=  𝜋 𝑥 (5.406𝑖𝑛.2 ) 𝑥 (
1.853 𝑖𝑛𝑐ℎ𝑒𝑠

2
)

2

= 14.5786 𝑖𝑛.3  

 

𝑈𝑛𝑖𝑡 𝑊𝑒𝑖𝑔ℎ𝑡 (
𝑙𝑏

𝑖𝑛3
) =

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

𝑉𝑜𝑙𝑢𝑚𝑒
 

=
320.5134 𝑔

14.5786 𝑖𝑛.3
 𝑥

. 0022 𝑙𝑏𝑠.

𝑔𝑟𝑎𝑚𝑠
 𝑥 (

12 𝑖𝑛.

𝑓𝑡
)

3

= 83.5789
𝑙𝑏.

𝑖𝑛.3
 

 

 

 

 

 

 

 

 

 



SWNTRR 

97 
 

Sample calculations for water content for borehole 2, sample 2: 

Mass of water = 2.47 grams (g) 

Mass of solids = 11.91 g 

 

𝑊𝑎𝑡𝑒𝑟 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑜𝑣𝑒𝑛 𝑑𝑟𝑦 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛
 𝑥 100 

=
2.47 𝑔

11.91 𝑔
 𝑥 100% = 20.739% 

 

 

Sample calculations for liquid limit for borehole 2, sample 2, specimen 51-1: 

Water content = 34.91% 

Number of blows for groove closure = 64 

 

𝐿𝑖𝑞𝑢𝑖𝑑 𝐿𝑖𝑚𝑖𝑡 = (% 𝑤𝑎𝑡𝑒𝑟 𝑐𝑜𝑛𝑡𝑒𝑛𝑡) 𝑥 (
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑙𝑜𝑤𝑠

25
)

0.121

 

= (34.91%) 𝑥 (
64

25
)

0.121

= 39.12 = 39 

 

 

Sample calculations for plastic limit for borehole 2, sample 2, specimen 51-1: 

Mass of water = 0.57 g 

Mass of solids = 2.42 g 

 

𝑊𝑎𝑡𝑒𝑟 𝐶𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
𝑀𝑎𝑠𝑠 𝑜𝑓 𝑤𝑎𝑡𝑒𝑟

𝑀𝑎𝑠𝑠 𝑜𝑓 𝑜𝑣𝑒𝑛 𝑑𝑟𝑦 𝑠𝑝𝑒𝑐𝑖𝑚𝑒𝑛
 𝑥 100 

=
0.57 𝑔

2.42 𝑔
 𝑥 100% = 23.55% 

Plastic limit = 24 

 

 

Sample calculations for plasticity index for borehole 2, sample 2, specimen 1 in bowl 51: 

 Liquid limit = 38 

 Plastic limit = 24 

 

𝑃𝑙𝑎𝑠𝑡𝑖𝑐𝑖𝑡𝑦 𝐼𝑛𝑑𝑒𝑥 = 𝐿𝑖𝑞𝑢𝑖𝑑 𝑙𝑖𝑚𝑖𝑡 − 𝑃𝑙𝑎𝑠𝑡𝑖𝑐 𝑙𝑖𝑚𝑖𝑡 

= 38 − 24 = 14 
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Sample calculations for bearing capacity for borehole 2, sample 2: 

 

𝑈𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝐵𝑒𝑎𝑟𝑖𝑛𝑔 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦, 𝑞𝑢𝑙𝑡 (𝑝𝑠𝑓)

= (1.3 𝑥 𝑐′ 𝑥 𝑁𝑐) + (𝜎𝑧𝑑 𝑥 𝑁𝑞) +   (0.4 𝑥 𝛾′𝑥 𝐵 𝑥 𝑁𝛾)

= (1.3 𝑥 712.8
𝑙𝑏

𝑓𝑡2
 𝑥 5.7) + (83.5789

𝑙𝑏

𝑓𝑡2
 𝑥 2𝑓𝑡 𝑥 1.0) + 0

=  5449.0058
𝑙𝑏

𝑓𝑡2
 

 

𝐴𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 𝐵𝑒𝑎𝑟𝑖𝑛𝑔 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =
𝑈𝑙𝑡𝑖𝑚𝑎𝑡𝑒 𝑏𝑒𝑎𝑟𝑖𝑛𝑔 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝐹𝑎𝑐𝑡𝑜𝑟 𝑜𝑓 𝑠𝑎𝑓𝑒𝑡𝑦
 

=
5449.0058

𝑙𝑏
𝑓𝑡2

3
= 1816.335

𝑙𝑏

𝑓𝑡2
 

 

 

 Borehole 2, Sample 2 Borehole 3, Sample 3 

Unit weight (lb/ft
3
) 83.58 105.89 

Water content (%) 20.7 21.45 

Table 23 Unit Weight and Water Content for Borehole 2 and Borehole 3 
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Specimen 1 - Bowl 51 Water Content (%) Number of Blows Liquid Limit 

1 34.91 64 39 

2 34.12 54 37 

3 35.23 39 37 

4 35.63 30 36 

5 36.24 27 37 

6 41.67 15 39 

    Specimen 2 - Bowl 134 

   1 35.61 74 41 

2 35.65 69 40 

3 41.35 33 43 

4 38.26 29 39 

5 44.13 18 42 

Table 24 Liquid Limit for Borehole 2, Soil Sample 2 

 

 

Specimen 1 -Bowl 51 Water content (%) Plastic Limit 

1 23.55 24 

2 23.88 24 

4 22.75 23 

3 21.59 22 

   

   Specimen 2 - Bowl 134 

  2 18.64 19 

3 22.78 23 

4 25 25 

5 24.7 25 

Table 25 Plastic Limit for Borehole 2, Soil Sample 2 
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Specimen 1 - Bowl 12 Water Content (%) Number of Blows Liquid Limit 

2 38.03 28 39 

3 42.18 14 39 

4 38.05 34 39 

5 30.37 79 35 

    Specimen 2 - Bowl 53 

   2 0 38 0 

3 38.56 28 39 

4 22.4 17 21 

5 0 91 0 

Table 26 Liquid Limit for Borehole 3, Soil Sample 3 

 

 

 

Specimen 1 - Bowl 12 Water Content (%) Plastic Limit 

1 20.45 20 

2 21.25 21 

3 19.37 19 

4 19.03 19 

   Specimen 2 - Bowl 53 

  1 21.3 21 

3 20.83 21 

4 19.09 19 

2 15.97 16 

Table 27 Plastic Limit for Borehole 3, Soil Sample 3 
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Figure 35  Stress vs. strain graph for borehole 2, sample 2 

 

 

 
Figure 36  Stress vs. strain graph for borehole 3, sample 3 
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APPENDIX I 

 

 

Sample Calculations 

 

[The following provides sample calculations for factor of safety] 

 

Sample calculations for weight of wall, resisting moment, effective stress, Ka, active pressure, 

active force, driving moment, and factor of safety for overturning and sliding on a 4 feet high 

east retaining wall 

 

 

Wall weight 

 

  𝑃𝑟 =  𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑎𝑙𝑙, 𝑊 = (𝐻𝑒𝑖𝑔ℎ𝑡) ∗ (𝐿𝑒𝑛𝑔𝑡ℎ) ∗ (𝑊𝑖𝑑𝑡ℎ) ∗  𝛾    

= (4 𝑓𝑒𝑒𝑡) ∗ (𝑈𝑛𝑖𝑡 𝑙𝑒𝑛𝑔𝑡ℎ) ∗ (3.5 𝑓𝑒𝑒𝑡) ∗ (150
𝑙𝑏

𝑓𝑡3
) 

= 2100
𝑙𝑏

𝑓𝑡
 

   

 Resisting moment 

 

𝑀𝑟 = (𝑀𝑜𝑚𝑒𝑛𝑡 𝑎𝑟𝑚) ∗ 𝑃𝑟 = (
4

2
 𝑓𝑒𝑒𝑡) ∗ (2100

𝑙𝑏

𝑓𝑡
) = 4200

𝑙𝑏 − 𝑓𝑡

𝑓𝑡
 

   

 

Effective stress 

𝜎′𝑣 = (𝐻𝑒𝑖𝑔ℎ𝑡) ∗  𝛾 = (4 𝑓𝑒𝑒𝑡) ∗ (
105.890 𝑙𝑏

𝑓𝑡3
) =   423.56

𝑙𝑏

𝑓𝑡2
  

 

 

 Ka 

   𝐾𝑎 =
1−sin (𝜑)

1+sin (𝜑)
=  

1−sin (0)

1+sin (0)
= 1 

 

 

 Active pressure 

  𝜎𝑎 = 𝐾𝑎 ∗ 𝜎′
𝑣 = (1) ∗ (423.56

𝑙𝑏

𝑓𝑡2) = 423.56 (
𝑙𝑏

𝑓𝑡2) 
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 Active force 

𝑃𝑎 = 𝑃𝑑 =
𝐻

2
∗ 𝜎𝑎 = (

1

2
) ∗ (423.56

𝑙𝑏

𝑓𝑡2) ∗ (4 𝑓𝑒𝑒𝑡) = 847.12
𝑙𝑏

𝑓𝑡
   

 

 

Driving moment 

  𝑀𝑑 = (𝑀𝑜𝑚𝑒𝑛𝑡 𝑎𝑟𝑚) ∗ 𝑃𝑑 = (
4

3
 𝑓𝑒𝑒𝑡) ∗ (847.12

𝑙𝑏

𝑓𝑡
) = 1129.49

𝑙𝑏−𝑓𝑡

𝑓𝑡
 

 

 

Factor of safety against sliding 

 

𝐹𝑆 =
∑ 𝑃𝑟

∑ 𝑃𝑑
=

2100
𝑙𝑏
𝑓𝑡

847.12
𝑙𝑏
𝑓𝑡

= 2.47 > 1.5 

 

 

 

Factor of safety against overturning 

𝐹𝑆 =
∑ 𝑀𝑟

∑ 𝑀𝑑
=

4200
𝑙𝑏 − 𝑓𝑡

𝑓𝑡

1129.49
𝑙𝑏 − 𝑓𝑡

𝑓𝑡

= 3.72 > 1.5 
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