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Overview

For my senior design project, my group and | 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, | have performed a site subsurface investigation to obtain soil samples. |
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, | am serving as the technical editor for the project report. As the
technical editor, | 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" Street SE, and 20™ Street SE. Figure 1, below, depicts the location of the

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

s X ‘ -

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.
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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" 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.
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2.0 Site Investigation

The exiting site is enclosed by Blythe Ave SE on the west, 20" Street SE on the south,
Wildwood Ave and Dalton Pike on the east, and o™ 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.
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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" Street SE. Currently, sidewalk infrastructure exists on Blythe Avenue
from the Family Support Center to 13" 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" Street SE. At the intersection of Blythe Avenue and 20™ Street SE, the route will veer
left onto 20" Street SE. On 20" Street SE, the route will continue adjacent to Blythe-Bower

Elementary School. Figure 4 shows the proposed route.

10
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LTS 4

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" Street SE and the north side of 20" street between Blythe
Avenue and Dalton Pike. Sidewalks will be installed along Blythe Avenue from 13" Street SE to
20™ Street SE to connect the existing sidewalks on Blythe Avenue and 20" 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™ Street SE. At the intersection of Blythe Avenue and 18™ Street SE, the route will veer
left onto 18™ Street SE and continue until Dalton Pike. At the intersection of Dalton Pike and
18™ Street SE, the route will veer right onto Dalton Pike and continue until 20" Street SE. On
20™ Street SE, the route will continue adjacent to Blythe-Bower Elementary School. Figure 5

shows the proposed route.

11
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For this route, sidewalks will be installed along Blythe Avenue from 13" Street SE to 18"
Street SE and on 18" Street. Sidewalks currently exist on Dalton Pike and 20" Street for the
proposed route. Sidewalks exist on Blythe Avenue from the Family Support Center to 13" 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.

12
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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" street. On 18™ 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™ and 20™ Street SE. Figure 6a portrays a detailed view of the two options
around the retention pond.

13
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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.

14
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3.3.1 Greenway Option 1

The first proposed greenway option will veer right off 18" 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" 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.

15
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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.

16
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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" Street SE and span along the

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

Y

)- , /
f /{ \Elementary
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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.

18
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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.

13" Street SE

Figure 11 Sidewalk widening and improvement
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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

20
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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" 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.
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(a) Minimum Dimensions

LE,

v height
18
inches

_r

({b) Maximum Dimensions

AE,

height
36
inches

_r
Notes:

Triangle height is equal to
1.5 times the base dimension.

Yield lines may be smaller than
suggested when installed on much
narrower, slow-speed facilities such
as shared-use paths.

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™ Street SE, 12" Street S, Winnetawaka Avenue, Wilson Avenue, 13" Street SE, 14"
Street SE, Aurora Avenue, 15" Street SE, 18™ Street SE, 16™ Street SE, 11" 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" Street SE, 12" Street S, Hardwick Avenue, Wilson Avenue, 13" Street SE, 14™ Street
SE, Aurora Avenue, 15" Street SE, 18" 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" Street SE, Chippewa Ave SE, and 13" Street (Top left)

2. Bound by 9™ Street SE, Wildwood Ave SE, 15™ St SE, Wiggins St SE, and 13" St SE (Top
right)

3. Bound by SE King Edward Ave, 13" Street SE, Aurora Ave SE, and 18" Street SE (Center
left)

4. Bound by Aurora Ave SE, 13" St SE, Wiggins St SE, 15™ St SE, Wildwood Ave SE, and
18™ St SE (Center right)

5. Bound by SE King Edward Ave, 18" Ave SE, Wildwood Ave SE, and 20" 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
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Figure 20 Blythe Ave School Connector Route and Neighborhood Connectors Option B
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Figure 22 Wildwood Ave 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:

Number of street intersections

Connected Node Ratio =
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:

) ) Number of links
Link Node Ratio =

Number of nodes

)
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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:

Route Distance

Pedestrian Route Directness = - - -
Straight Line Distance

@)

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™ 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.

Route Distance Straight Line Distance | Pedestrian Route
Primary Route (mile) (mile) 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:

Accesible Parcels

Ef fective Walk Area (EWA) = 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:

2

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

]
()

where V is speed of the car in miles per hour (mph), t is the brake reaction time in seconds, Ag is
the deceleration rate in miles per second squared (m/s®), 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:

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

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™ 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" 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" &
18™ Street SE, 15™ Street SE between Blythe Avenue & Aurora Avenue SE, and 18" Street SE
between Blythe Avenue & Wildwood Avenue. Ideally, it is recommended to avoid constructing
sidewalk infrastructure on Blythe Avenue SE between 20™ and 18" Street SE and 18" 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"
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" 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°) $ 247,891.60
Formwork cost ($/ft) $17,517.98
Construction cost ($/ft%) $27,144.48
Total construction based cost ($) $ 292,554.06
Table 5 Demolition and reinstallation cost of sidewalk along Blythe Avenue from Family

Support Center to 13" 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.
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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™ Street SE and 20™ 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" 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" Street SE [9]. Figure 27

illustrates a typical greenway safety signage.

NO
MOTOR
VEHICLES

GREENWAY

City of Enoaville

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]
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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.

—

Multi-Purpose
: Trail

Y

Q.
@
34

Sh

Maintained 5'Min.-
Natural  10' Max., 10" Min.

Undisturbed, 10' Max.

Natural ' Cleared Vegetation' Cleared' Undisturbed
L Area Natural For Natural Natural Area
Riparian Area Area Runners. Area

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

Borehole 2

Borehole 1

Figure 29a  Borehole locations
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-

-4 \
R Borehole 3

Borehole 4

Borehole 5

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 boreholel is
1670 Ib/ft® (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:

Change in length

Strain, e = —
ram, Original length

(")

T
Original Area (inches?) = Zx(diameter)2

(8)
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Original Area
1-—¢

Corrected Area (inches?®) =

©9)

Load
Corrected area

Stress (psi) =

(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:

Unconfined compressive strength
2

Shear Stress (psf) =
(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, qy (psf) 1425.600 2736.00
Shear Stress, S, (psf) 712.800 1368.000
Bearing Capacity, qui: (psf) 5449.006 10304.038
Allowable Bearing Capacity, gay (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

i
Figure 31 Soil sample from borehole 3
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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 (in®) = nx Height x Radius?

(12)
Unit weights of the soil samples were obtained from the following equation:
Unit weidht lb ~ Massof sample
mtwetg (ft3 ~ 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:

Mass of water

Water Content (%) = - x 100
Mass of oven dry specimen

(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 pum (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]:

0.121

Number of blows )

Liquid Limit = (Water content %) x ( o

(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, = S,), (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, ¢ will be taken as 0 [17]. When the friction angle becomes 0, N will
be taken as 5.7, Nq will be taken as 1.0, and N, 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) =13 *c'* Nc+ o'zd * Nq + 0.4 *y' * B * Ny

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:

Ultimate bearing capacity
3

Allowable Bearing Capacity (psf) =

(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 Borehole 3 Average
Soil Sample 2 Soil Sample 3
(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"
street and 18" 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

$178,598.08. Table 13 shows the cost estimations for the retaining wall.
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Volume (yd®) Area (ft%) Cost ($)
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" Street SE to 20"
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 1501b/ft.
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 Ib/ft®. 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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T,

FS = > M,
(19)

3P

FS = S P,
(20)

where M, and My are the moments of the resisting and driving forces, respectively, and P, and Py

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

M, = (Moment arm) * P.

(21)
where P, 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) * y

(22)
where the length of the wall will be taken as a unit length.
The driving moment is calculated as follow:
M, = (Moment arm) * Py
(23)

where Py 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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By =—5*0q

(24)

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

calculated by the following equation:

o, =K, *o',

(25)

where K, is the dimensionless K-active and o’y is the effective stress in Ib/ft?. K, and &’y are

calculated as follow:

_ 1 —sin(¢p)
¢ 1 + sin(e)
(26)
o', = (Height) x y
7).

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.
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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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Legend
Sidewalks

= Sjte border

Figure 32 Placement of sidewalks in the neighborhood
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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" Street SE and Wilson Avenue on 11" Street SE. The sign will inform approaching drivers of
a crosswalk on 11" Street SE and will alert drivers to pedestrians crossing. An uncontrolled
multi-lane approach design is recommended at the intersections of 18" 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" Street SE to address pedestrian traffic, as indicated in Figure
33.
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Crosswalk

Figure33 18" Street SE crosswalk
Due to a lack of stop signs on 18™ 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™ Street SE crosswalk, as portrayed in Figure 34 below.

" STATE |

LAW
FOR

WITHIN
 CROSSWALK |

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

Number of street intersections

Connected Node Ratio =
Number of intersections + Number of cul — de — sacs

= = 0.714286

Sample Calculation for Blythe Ave School Connector Route & Option A

Number of links

Link Node Ratio =

te Node ratio Number of nodes
—7—10
=Z =1
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School Connector Route: Blythe Ave
Neighborhood Zone
1 2 3 4 5 Total Total
Option A [ A | A | A | | A
# 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

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

School Connector Route: Greenway
Neighborhood Zone
1 2 3 4 5 Total Total
Option A | A | A L A | A | A

# 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

Table 15 Link-Node Ratio, Connected Node Ratio, and Percent 4-Way Intersections for Greenway School Connector Route
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School Connector Route: Wildwood Ave
Neighborhood Zone
1 2 3 4 5 Total Total
Option A A | L A | A A
# 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
Table 16 Link-Node Ratio, Connected Node Ratio, and Percent 4-Way Intersections for Dalton Pike School Connector Route
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APPENDIX B

Sample Calculations

[The following provides sample calculations for pedestrian route directness]

Sample calculation for Blythe Avenue Route

] ] Route Distance
Pedestrian Route Directness =

Straight Line Distance

_ 1.004 miles

= 852 miles 1178
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Sample Calculations

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

Sample calculation for EWA on 20™ Street Blythe Avenue intersection

Accesible Parcels

Effective Walk Area (EWA) = Total Parcels

47

=—— = 42
112 0
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Node

20th Street/Blythe Ave
18th Street/Blythe Ave
16th Street/Blythe Ave
13th Street/Blythe Ave
11th Street/Blythe Ave
9th Street/Blythe Ave
18th street/Aurora Ave
20th Street/Greenway
18th street/Wilson Ave
13th Street/Wilson Ave
East Street/Hardwick St
14th Street/Hardwick St
15th Street/Hardwick St
9th Street/Hardwick St
16th Street/Aurora Ave
15th Street/Aurora Ave

9th Street/Wildwood Ave

East Street/Wildwood Ave
14th Street/Wildwood Ave
15th Street/Wildwood Ave
18th Street/Wildwood Ave
20th Street/Wildwood Ave

13th Street/Aurora Ave

13th Street/SE King Edward Ave

9th Street/Aurora Ave
Average EWA

Table 17

Parcel within Walking Distance Total Parcels EWA
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47
121
174
222
191
125
114

33
116
236
154
140
145
110
191
213
110
142

95

87

67

30
225
150
136

112
165
246
271
223
158
191
100
184
342
264
251
257
202
316
343
202
239
198
196
185

95
338
214
224

0.419643
0.733333
0.707317
0.819188
0.856502
0.791139
0.596859
0.33
0.630435
0.690058
0.583333
0.557769
0.564202
0.544554
0.60443
0.620991
0.544554
0.594142
0.479798
0.443878
0.362162
0.315789
0.66568
0.700935
0.607143
0.590553

EWA for Main Proposed Routes and Connector Option A
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Table 18

23

96
153
194
200
112
114

33

93
229
160
144
144
105
176
195
105
132
127
120

61

25
237
149
130

112
165
246
271
223
158
191
100
184
342
264
251
257
202
316
343
202
239
198
196
185

95
338
214
224

0.205357
0.581818
0.621951
0.715867
0.896861
0.708861
0.596859
0.33
0.505435
0.669591
0.606061
0.573705
0.560311
0.519802
0.556962
0.568513
0.519802
0.552301
0.641414
0.612245
0.32973
0.263158
0.701183
0.696262
0.580357
0.564576

EWA for Main Proposed Routes and Connector Option B

83

SWNTRR



SWNTRR

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

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

Absolute distance

B (909 ft) — (910 ft) B
= 132/t = —0.007575

Ao (f + G)]
(30 mph)?
(30)(0.7 — 0.007575).

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

= 1.47 x (30 mph)x (2.5 seconds) x |

= |  1536ft |
Stopping Sight Distance Conflict:
Absolute Distance > SSD
132 ft > 153.6 ft
| FALSE | , thus there is a stopping sight distance conflict.
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150.1 | 17 | 873 | 268 887 150.13 | 150.13 | 150.13 17

1525 | 18 | 869 | 389 873 18

1535 | 19 | 902 | 312 900 19

1538 | 20 | 904 | 277 901 153.78 | 153.78 | 153.78 20

1559 | 21 | 890 | 547 866 155.97 | 155.97 | 155.97 21

1583 | 22 | 888 | 291 866 22 158.29 | 158.29
1546 | 23 | 899 | 255 893 23

156.1 | 24 | 876 | 219 866 24 156.09 | 156.09
1533 | 25 | 873 | 375 872 25 153.27
1575 | 26 | 895 | 321 874 26 157.53
1546 | 27 | 921 | 390 912 27 154.57
1512 | 28 | 913 | 388 926 28 153.27 | 153.27
159.6 | 29 | 904 | 270 879 29

157.2 | 30 | 907 | 281 890 30

1616 | 31 | 913 | 147 896 31

160.1 | 32 | 925 | 276 898 32

1522 | 33 | 930 | 286 934 33 112.58 | 112.58
156.1 | 34 | 934 | 281 921 34 116.45 | 116.45
1188 | 35 | 923 | 174 936 118.77 35

150.2 | 36 | 926 | 314 942 150.19 36

1525 | 37 | 922 | 304 925 152.51 37 152,51 | 15251
1529 | 38 | 909 | 305 910 38 152.91

1534 | 39 | 925 | 219 924 39 153.39 | 153.3
152.0 | 40 | 916 | 277 921 40 152.03

1485 | 41 | 905 | 188 921 41 148.46 | 148.46
1521'1 42 | 903 | 240 911 42 151.16 | 151.16
151.3 | 43 | 899 | 165 904 43 151.16 | 151.16

86

SWNTRR



151.7 | 44 | 902 | 173 906 44 151.74

1506 | 45 | 874 | 303 887 45 150.63

1536 | 46 | 910 | 132 909 46 153.58

150.7 | 47 | 886 | 242 896 47 150.72

1499 | 48 | 881 | 227 894 48 149.87

1579 | 49 | 904 | 241 887 49 157.91

148.0 | 50 | 893 | 211 913 50 147.99

157.2 | 51 | 909 | 298 891 51 157.15
Sum (ft) 1336.6 | 915.1 | 915.1 3438.6 | 2952.8

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" & 18™ Street:
ROW > 40 ft
35ft>40ft
| FALSE | ., thus there is a ROW conflict

Right of Way for 15™ St. between Blythe Ave SE & Aurora Ave SE:
ROW > 40 ft
20 ft > 40 ft
| FALSE | . thus there is a ROW conflict

Right of Way for 18™ St. between Blythe Ave SE & Wildwood Ave SE:
ROW > 40 ft
35 ft > 40 ft
| FALSE | - thus there is a ROW conflict
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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
5280 feet)

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

5280 feet

= 0.54 miles x ( -
mile

) = 2851.2 feet

Average cost for sidewalk based on linear foot on Blythe Avenue Route
Average Cost of Sidewalk ($)

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

(2851.2 feet) ($21 average cost of curb andgutter)
= 2 feet) x

linear foot
average cost of concrete sidewalk)

+(2851.2 feet) x ($32 linear foot

= $151,113.6 average cost of sidewalk

Average cost of stripped crosswalk for Blythe Avenue
Average Cost of Stripped Crosswalk

: $770
= (Amount for stripped crosswalks) x

stripped crosswalk
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$770 >

= pped !
(6 stripped crosswalk) x (stripped crosswalk

= $4620

Formwork cost for Blythe Avenue

$2.76
feet

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

= (3907.2 feet) x 2 sid $2.76
= 2 feet) x 2 sides x Feet

= $21,567.74

Construction cost for Blythe Avenue
Construction Cost

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

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

= $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
5280 feet)

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

5280 feet

= 2.33 miles x (
mile

) = 12,302.4 feet

Average cost of sidewalk based on linear foot
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Average Cost of Sidewalk ($)
= Z(Length of sidewalk x Average cost per linear foot)

average cost of curb andgutter
= (12,3024 feet) x ($21 , )
linear foot

average cost of concrete sidewalk)

12,302.4 2
+ (12,302.4 feet) x ($3 linear foot

= $652,027.2 average cost of sidewalk

Average cost of stripped crosswalk for Neighborhood Connector A
Average Cost of Stripped Crosswalk

$770 )

stripped crosswalk

$770 )

stripped crosswalk

= (Amount for stripped crosswalks) x (

= (27 stripped crosswalk) x <

= $20,790

Average cost of stripped crosswalk for Wildwood Avenue
Average Cost of Stripped Crosswalk

$770 )

stripped crosswalk

$770 )

stripped crosswalk

= (Amount for stripped crosswalks) x (

= (7 stripped crosswalk) x (

= $5,390

Formwork cost for Neighborhood Connector A

$2.76
Formwork Cost = (Linear footage of sidewalk) x 2 sides x <f€et>
— (12,3024 feet) x 2 sides x (220
= , 4 feet) x 2 sides x Feet

= $67,909.25

Construction cost for Neighborhood Connector A
Construction Cost

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

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

feet
= $119,333.28

Total average cost for Neighborhood Connector A based
Total Average Cost ($)
= Average cost of sidewalk

+ Z 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
5280 feet)

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

5280 feet

= 0.53 miles x ( -
mile

) = 27984 feet

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

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

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

average cost of concrete sidewalk)

+ (2798.4 feet) x <$32 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 32

foot

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
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Blyth Ave Alternatives

Neighborhood Connector
Alternatives

Design Consideration 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 2.33 miles of 2.28 miles in
Length 0.85 0.85 1.32 sidewalk 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

Table 22

Results of Comparative Matrix Analysis for Each Route and Connector Option
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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:
lb
ndraine ear Strength, Su e — Qx - . —
Ib
= 1670.835 —

ft.2

Sample calculations for unconfined compression test for borehole 3, sample 3:

Change in length

Strain, & =
ram, & Original length
_0.00060826 in.

5 407in = 0.0002527

i
Original Area (inches?) = Zx(diameter)2

s
= Zx(1.869 in.)? = 2.7435 in.?
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Original Area
1—¢

Corrected Area (inches?) =

27435 in.2
"~ 1-0.0002527

= 2.74422 in.?

Load
Corrected area

Stress (psi) =

_ 1.38210bs. 0.5036 lb
T 2.74422 in2 in.2

Unconfined compressive strength

Shear Stress (psf) = 5

lb
a7 144in? —
T2 TRz T ft.2

Sample calculations for unit weight borehole 2, sample 2:
Mass of sample = 320.5134 g

Volume (in3) = w x Height x Radius?
= mx (5.406in.?) x (

1.853 inches

2
) = 14.5786 in.3
2

Unit Weidaht ( b ) _ Mass of sample
mt ey in3) Volume
320.5134g .0022 lbs. (12 in.
= X

T 145786 in3 grams ft

3 Ib.
> = 83.5789ﬁ
m.
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Sample calculations for water content for borehole 2, sample 2:
Mass of water = 2.47 grams (g)
Mass of solids =11.91 ¢

Mass of water

Water Content (%) = -
Mass of oven dry specimen

x 100

_ 247¢g
~1191g

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

o Number of blows 0-121
Liquid Limit = (% water content) x ( )

25

0.121

64
= (34.91%) x (i) =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

Mass of water
Water Content (%) =

100
Mass of oven dry specimen x
_ 2579 100% = 23.55%
=242 X 0 =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)

=(13xc" xNc)+ (czdx Nq) + (0.4xy'xBxNy)

Allowable Bearing Capacity =

b
5449.0058 —

fez

b

b
(1.3 X 712.81? X 5.7) + (83.5789— x2ftx 1.0) +0

ft2

Ultimate bearing capacity

5449.0058 -2

Ft
3

Factor of safety

lb
= 1816.335—

ft2

Borehole 2, Sample 2 | Borehole 3, Sample 3
Unit weight (Ib/ft%) 83.58 105.89
Water content (%) 20.7 21.45

SWNTRR

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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Stress (lb/in"2)

120 ¢
11.0 £
100 £

Borehole 2 Soil Sample 2
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Figure 35

Stress vs. strain graph for borehole 2, sample 2
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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, K,, active pressure,
active force, driving moment, and factor of safety for overturning and sliding on a 4 feet high
east retaining wall

Wall weight

P. = Weight of wall, W = (Height) * (Length) = (Width) * y

= (4 feet) * (Unit length) = (3.5 feet) * (150 j%)

= 2100 b
= e

Resisting moment

Ib— ft
ft

4 b
M, = (Moment arm) * P, = (E feet) * (2100 ]Tt> = 4200

Effective stress
o', = (Height) = y = (4 feet) * (

105.890 lb)

b
) = 42356

__1-sin(p) __ 1-sin(0) _
o 1+sin(¢) o 1+sin(0) -

1

a

Active pressure

0, =K, o', = (1) * (423.56%) = 423.56 (-2

ez
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Active force
H 1 b b
Po=Py=72%0,= (5) x (423.56f?) « (4 feet) = 847.12

Driving moment

4 Ib Ib—ft
Mg = (Moment arm) + Py = (5 feet)  (847.12 ﬁ) = 1129.49

ft

Factor of safety against sliding

lb
2100 —
P
FS:ZPr: f;b=2.47>1.5
X Py 847.12f—t

Factor of safety against overturning
420021t
XM, ft
b — ft

XMy tb—jt
1129.49 7T

FS =3.72>1.5
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Blythe Route with Neighborhood Connector Option A, Zone 1

Blythe Route with Neighborhood Connector Option A, Zone 2



Blythe Route with Neighborhood Connector Option A, Zone 4



Blythe Route with Neighborhood Connector Option A, Zone 5



Blythe Avenue Route with Neighborhood Connector Option B, Zone 2



Blythe Avenue Route with Neighborhood Connector Option B, Zone 4



Blythe Avenue Route with Neighborhood Connector Option B, Zone 5



Blythe Route with Neighborhood Connector Option A, Zone 3



n B, Zone !

Blythe Avenue Route with Neighborhood Connector Option B, Zone 3
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Dalton Pike Route with Neighborhood Connector Option A, Zone 1

Dalton Pike Route with Neighborhood Connector Option A, Zone 2



Dalton Pike Route with Neighborhood Connector Option A, Zone 3

a2 SRR

Dalton Pike Route with Neighborhood Connector Option A, Zone 4



Dalton Pike Route with Neighborhood Connector Option A, Zone 5



Dalton Pike Route with Neighborhood Connector Option B, Zone 2



Dalton Pike Route with Neighborhood Connector Option B, Zone 4



Dalton Pike Route with Neighborhood Connector Option B, Zone 5



Dalton Pike Route with Neighborhood Connector Option A, Zone 3



Dalton Pike Route with Neighborhood Connector Option A, Zone 5



Dalton Pike Route with Neighborhood Connector Option B, Zone 3



Dalton Pike Route with Neighborhood Connector Option B, Zone 5
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Greenway Route with Neighborhood Connector Option A, Zone 2



Greenway Route with Neighborhood Connector Option A, Zone 4



Greenway Route with Neighborhood Connector Option A, Zone 5



Greenway Route with Neighborhood Connector Option B, Zone 1

Greenway Route with Neighborhood Connector Option B, Zone 2



Zone 3

E

Greenway Route with Neighborhood Connector Option B

Greenway Route with Neighborhood Connector Option B, Zone 4



Greenway Route with Neighborhood Connector Option B, Zone 5



Greenway Route with Neighborhood Connector Option B, Zone 3



Greenway Route with Neighborhood Connector Option B, Zone 5



Greenway Route with Neighborhood Connector Option A, Zone 3



Greenway Route with Neighborhood Connector Option A, Zone 5
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LINK-NODE RATIO
ANALYSIS




Blythe Route with Neighborhood Connector Option A, Zone 1
PN S .

Blythe Route with Neighborhood Connector Option A, Zone 2



Blythe Route with Neighborhood Connector Option A, Zone 4



Blythe Route with Neighborhood Connector Option A, Zone 5



Dalton Pike Route with Neighborhood Connector Option A, Zone 1

Dalton Pike Route with Neighborhood Connector Option A, Zone 2



Dalton Pike Route with Neighborhood Connector Option A, Zone 4



Dalton Pike Route with Neighborhood Connector Option A, Zone 5



Greenway Route with Neighborhood Connector Option A, Zone 2



tion A, Zone 3

th Neighborhood Connector Op

wi

Greenway Route

th Neighborhood Connector Option A, Zone 4

i

Greenway Route w



Greenway Route with Neighborhood Connector Option A, Zone 5
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Blythe Avenue Route with Neighborhood Connector Option B, Zone 2



Blythe Avenue Route with Neighborhood Connector Option B, Zone 4



Blythe Avenue Route with Neighborhood Connector Option B, Zone 5



Dalton Pike Route with Neighborhood Connector Option B, Zone 2
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Dalton Pike Route with Neighborhood Connector Option B, Zone 4






Greenway Route with Neighborhood Connector Option B, Zone 1

Greenway Route with Neighborhood Connector Option B, Zone 2



Greenway Route with Neighborhood Connector Option B, Zone 4



Greenway Route with Neighborhood Connector Option B, Zone 5
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PERCENTAGE
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ANALYSIS

i / 4-WAY INTERSECTION




Dalton Pike Route with Neighborhood Connector Option A
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Greenway Route with Neighborhood Connector Option A



Blythe Avenue Route with Neighborhood Connector Option B



Dalton Pike Route with Neighborhood Connector Option B



Greenway Route with Neighborhood Connector Option B
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PEDESTRIAN
ROUTE
ANALYSIS
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EFFECTIVE
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ANALYSIS
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STOPPING

SIGHT DISTANCE
ANALYSIS



Intersection of Blythe Ave SE & 18" St. SE
Vehicle: Longitude = 84°52'38.82"W
Latitude = 35° 8'36.10"N

Pedestrian: Longitude = 84°52'41.31"W

Latitude = 35° 8'37.05"N

Elevation = 914ft
Distance between Pedestrian and Vehicle: Absolute Distance, AD=230ft
Coeff. Of Friction wet, { = 0.7
Perception Time (seconds), t = 2.5
Speed limit on 18™ St. SE =25 mph
Stopping Sight Distance, SSD = 120,911t

SSD < AD Therefore, safe.



Intersection of Wilson Ave SE & 18" St. SE

Vehicle: Longitude = 84°52'28.51"W
Latitude = 35° 8'37.56"N
Elevation = 9001t
Pedestrian: Longitude = 84°52'30.72"W
Latitude = 35° 8'33.44"N
Elevation = 9071t
Distance between Pedestrian and Vehicle: Absolute Distance, AD=458ft
Coeff. Of Friction wet, f = 0.7
Perception Time (seconds), t = 2.5
Speed limit on Wilson Ave SE = 30 mph
Stopping Sight Distance, SSD = 152.190
SSD < AD Therefore, safe.



Intersection of Wildwood Ave SE & 17" St. SE
Vehicle: Longitude = 84°52'18.85"W
Latitude = 35° 8'33.31"N
Elevation = 933t
Pedestrian: Longitude = 84°52'16.75"W
Latitude = 35° 8'32.54"N

Elevation = 9371t
Distance between Pedestrian and Vehicle: Absolute Distance, AD= 188ft
Coeff, Of Friction wet, f = 0.7
Perception Time (seconds), t =2.5
Speed limit on Winnetawka Ave SE = 30 mph
Stopping Sight Distance, SSD = 151.84{t
SSD < AD Therefore, safe.



F. ol ™, A
Intersection of Wildwood Ave SE & 15" St. SE

Vehicle: Longitude = 84°52'17.33"W
Latitude = 35° 8'40.04"N
Elevation = 936ft
Pedestrian: Longitude = 84°52'13.45"W
Latitude = 35° 8'38.55"N
Elevation = 912ft
Distance between Pedestrian and Vehicle: Absolute Distance, AD= 349ft
Coeff, Of Friction wet, f = 0.7
Perception Time (seconds), t=2.5
Speed limit on 15™ St. SE = 30 mph
Stopping Sight Distance, SSD = 157.771t
SSD < AD Therefore, safe.



Intersection of Wildwood Ave SE & 17" St. SE
Vehicle: Longitude = 84°52'23,19"W
Latitude = 35° 8'46.35"N
Elevation = 924ft
Pedestrian: Longitude = 84°52'25.59"W
Latitude = 35° 8'42.58"N
Elevation = 9151t

Distance between Pedestrian and Vehicle: Absolute Distance, AD=375ft
Coeff. Of Friction wet, f=0.7
Perception Time (seconds), t=2.5
Speed limit on Wildwood Ave SE = 30 mph
Stopping Sight Distance, SSD = 154.62ft
SSD < AD Therefore, safe.



Intersection of Wilson Ave SE & 15" St. SE
Vehicle: Longitude = 84°52'21.47"W
Latitude = 35° 8'51.16"™N
Elevation = 9091t
Pedestrian: Longitude = 84°52'22.40"W
Latitude = 35° 8'47.64"N
Elevation = 920ft

Distance between Pedestrian and Vehicle: Absolute Distance, AD= 428t
Coeff. Of Friction wet, f= 0.7
Perception Time (seconds), t = 2.5
Speed limit on Wilson Ave SE = 30 mph
Stopping Sight Distance, SSD = 151.58ft
SSD < AD Therefore, safe.



Intersection of Aurora Ave SE & 13™ St. SE
Vehicle: Longitude = 84°52'26.93"W
Latitude = 35° 8'46.15"N
Elcvation = 9091t
Pedestrian: Longitude = 84°52'25.46"W
Latitude = 35° 8'48.65"N
Elevation = 904t

Distance between Pedestrian and Vehicle: Absolute Distance, AD= 2851t
Coeff. Of Friction wet, f = 0.7
Perception Time (seconds), t = 2.5
Speed limit on Aurora Ave SE = 30 mph
Stopping Sight Distance, SSD = 154.201t
SSD > AD Therefore, safe.



Crossing 20" St. SE (Across from Blythe Elementary School)
Vehicle: Longitude = 84°52'47.86"W
Latitude = 35° 8'26.90"N
Elevation = 906ft

Pedestrian: Longitude = 84°52'40.12"W

Latitude = 35° 8'23.92"N

Elevation = 9244t
Distance between Pedestrian and Vehicle: Absolute Distance, AD= 706ft
Coeff, Of Friction wet, f = 0.7
Perception Time (seconds), t =2.5
Speed limit on 20™ St. SE = 35 mph
Stopping Sight Distance, SSD = 184.90ft

SSD < AD Therefore, safe.



Intersection of King Edward Ave SE & 16™ St. SE

Vehicle: Longitude = 84°52"38.30"W
Latitude = 35° 8'44.56"N
Elevation = 909ft
Pedestrian: Longitude = 84°52'41.35"W
Latitude =35° 8'45.95"N
Elevation = 8921t
Distance between Pedestrian and Vehicle: Absolute Distance, AD=285ft
Coeff. Of Friction wet, f = 0.7
Perception Time (seconds), t =2.5
Speed limit on 16™ St. SE = 30 mph
Stopping Sight Distance, SSD = 156.10ft
SSD < AD Therefore, safe.



Intersection of King Edward Ave SE & 13™ St. SE
Vehicle: Longitude = 84°52'40.32"W
Latitude = 35° 8'54.93"N
Elevation = 8691t
Pedestrian: Longitude = 84°52'36.02"W
Latitude = 35° 8'53.33"N
Elevation = 873ft

Distance between Pedestrian and Vehicle: Absolute Distance, AD= 389f
Coeff. Of Friction wet, f = (0.7
Perception Time (seconds), t= 2.5
Speed limit on 13™ St. SE = 30 mph
Stopping Sight Distance, SSD = 152.48ft
SSD < AD Therefore, safe.



Intersection of King Edward Ave SE & 11" St. SE
Vehicle: Longitude = 84°52'28.63"W
Latitude = 35° 8'58.83"N
Elevation = 9021t
Pedestrian: Longitude = 84°52'32.00"W
Latitude = 35° 9'0.08"N
Elevation = 9001t

Distance between Pedestrian and Vehicle: Absolute Distance, AD=312ft
Coeff, Of Friction wet, f= 0.7
Perception Time (seconds), t=2.5
Speed limit on 11 St, SE = 30 mph
Stopping Sight Distance, SSD = 153.50ft
SSD < AD Therefore, safe.



Intersection of Blythe Ave SE & 11" St. SE
Vehicle: Longitude = 84°52'31,53"W
Latitude = 35° 8'59.87"N
Elevation = 904ft
Pedestrian: Longitude = 84°52'28.44"W
Latitude = 35° 8'58.77"N
Elevation = 901ft

Distance between Pedestrian and Vehicle: Absolute Distance, AD= 2771t
Coeff. Of Friction wet, f=0.7
Perception Time (seconds), t =2.5
Speed limit on 11™ St. SE = 30 mph
Stopping Sight Distance, SSD = 153,78t
SSD < AD Therefore, safe.



Intersection of Blythe Ave SE & 9™ St. SE
Vehicle: Longitude = 84°52'26.40"W
Latitude = 35° 92,14"N
Elevation = 8901t
Pedestrian: Longitude = 84°52'25.11"W
Latitude = 35° 9'4.38"N
Elevation = 866ft

Distance between Pedestrian and Vehicle: Absolute Distance, AD= 547ft
Coeff. Of Friction wet, f =0.7
Perception Time (seconds), t = 2.5
Speed limit on Blythe Ave SE = 30 mph
Stopping Sight Distance, SSD = 155.97{t
SSD < AD Therefore, safe.



Intersection of Chippewa Ave SE & 9™ St. SE

Vehicle: Longitude = 84°52'23.31"W
Latitude = 35° 9'0.43"N
Elevation = 888ft
Pedestrian: Longitude = 84°52'21.72"W
Latitude = 35° 9'3.05"N
Elevation = 8671t
Distance between Pedestrian and Vehicle: Absolute Distance, AD= 2911t
Coeff. Of Friction wet, £ = 0.7
Perception Time (seconds), t =2.5
Speed Iimit on Chippewa Ave SE = 30 mph
Stopping Sight Distance, SSD = 158.29
SSD < AD Therefore, safe.



Intersection of Winnetawka Ave SE & 9™ St.
Vehicle: Longitude = 84°52'21.15"W
Latitude = 35° 9'0.49"N
Elevation = 876ft
Pedestrian: Longitude = 84°52'20.16"W
Latitude = 35° 92.45"N
Elevation = 866ft

Distance between Pedestrian and Vehicle: Absolute Distance, AD=219ft
Coeff. Of Friction wet, £ = 0.7
Perception Time (seconds), t =2.5
Speed limit on Winnetawka Ave SE = 35 mph
Stopping Sight Distance, SSD = 156.10ft
SSD < AD Therefore, safe.



Intersection of Hardwick St. SE & 9™ St. SE

Vehicle: Longitude = 84°52'15.75"W
Latitude = 35° 8'56.94"N
Elevation = 873t
Pedestrian: Longitude = 84°52'15.42"W
Latitude = 35° 9'0.68"N
Elevation = 8721t
Distance between Pedestrian and Vehicle: Absolute Distance, AD=3751{t
Coeff. Of Friction wet, f = 0.7
Perception Time (seconds), t =2.5
Speed limit on Hardwick St. SE = 30 mph
Stopping Sight Distance, SSD = 153.27
SSD < AD Therefore, safe.



Intersection of Hardwick St. SE & 11" St. SE
Vehicle: Longitude = 84°52'19.53"W
Latitude = 35° 8'57.01"N
Elevation = 8951t
Pedestrian: Longitude = 84°52'15.97"W
Latitude = 35° 8'56.60"N
Elevation = 874ft

Distance between Pedestrian and Vehicle: Absolute Distance, AD= 3211t
Coeff. Of Friction wet, f = 0.7
Perception Time (seconds), t =2.5
Speed limit on 11™ St. SE = 30 mph
Stopping Sight Distance, SSD = 157.52ft
SSD < AD Therefore, safe.



Intersection of Hardwick St. SE & 14™ St. SE
Vehicle: Longitude = 84°52'15.84"W
Latitude = 35° 8'47.03"N

Elevation = 913t

Pedestrian: Longitude = 84°52'15.24"W

Latitude = 35° 8'43.25"N

Elevation = 926ft
Distance between Pedestrian and Vehicle: Absolute Distance, AD= 388ft
Coeff. Of Friction wet, £ = 0.7
Perception Time (seconds), t = 2.5
Speed limit on Hardwick St. SE = 30 mph
Stopping Sight Distance, SSD = 151.144t

SSD < AD Therefore, safe.



Intersection of Wildwood Ave SE & 11" St. SE
Vehicle: Longitude = 84°52'15.90"W
Latitude = 35° 8'51.63"N
Elevation = 904t
Pedestrian: Longitude = 84°52'12.71"W
Latitude = 35° 8'52.03"N
Elevation = 9041t

Distance between Pedestrian and Vehicle: Absolute Distance, AD=270ft
Coeff. Of Friction wet, f = 0.7
Perception Time (seconds), t = 2.5
Speed limit on 11™ St. SE =30 mph
Stopping Sight Distance, SSD = 159.64
SSD < AD Therefore, safe.



Intersection of Wildwood Ave SE & 12" St. SE

Vehicle: Longitude = 84°52'14.66"W
Latitude = 35° 8'48.46"N
Elevation = 907

Pedestrian: Longitude = 84°52'11.33"W

Latitude = 35° 8'48.86"N
Elevation = 890ft

Distance between Pedestrian and Vehicle: Absolute Distance, AD=281ft

Coeff. Of Friction wet, f=0.7

Perception Time (seconds), t = 2.5

Speed limit on 12 St. SE = 30 mph

Stopping Sight Distance, SSD=157.16

SSD < AD Therefore, safe.



Intersection of Wildwood Ave SE & 13™ St. SE
Vehicle: Longitude = 84°52'12.81"W
Latitude = 35° 8'44.78"N
Elevation = 913ft
Pedestrian: Longitude = 84°52'11.11"W
Latitude = 35° §'44.29"N
Elevation = 896ft

Distance between Pedestrian and Vehicle: Absolute Distance, AD= 147t
Coeff, Of Friction wet, f = 0.7
Perception Time (seconds), t=2.5
Speed limit on 13" St. SE = 30 mph
Stopping Sight Distance, SSD = 161,58t
SSD > AD Therefore, NOT Safe



Intersection of Wildwood Ave SE & 14™ St. SE
Vehicle: Longitude = 84°52'14,59"W
Latitude = 35° 8'42.90"N
Elevation = 9251t
Pedestrian: Longitude = 84°52'11.47"W
Latitude = 35° 8'41.91"N
Elevation = 898{t

Distance between Pedestrian and Vehicle: Absolute Distance, AD=276ft
Coeff. Of Friction wet, f =0.7
Perception Time (seconds), t =2.5
Speed limit on 14" St. SE = 30 mph
Stopping Sight Distance, SSD = 160.06ft
SSD < AD Therefore, safe.



Intersection of Hardwick St. SE & 15™ St. SE

Vehicle: Longitude = 84°52'15.43"W
Latitude = 35° 8'42.61"N
Elevation = 9301t
Pedestrian; Longitude = 84°52'16.75"W
Latitude = 35° 8'39.95"N
Elevation = 934ft
Distance between Pedestrian and Vehicle: Absolute Distance, AD= 286ft
Coeff, Of Friction wet, = 0.7
Perception Time (seconds), t = 2.5
Speed limit on Hardwick St. SE = 30 mph
Stopping Sight Distance, SSD = 152,26
SSD < AD Therefore, safe.



Interscction of Wiggins St. SE & 15™ St. SE
Vehicle: Longitude = 84°52'19.46"W
Latitude = 35° 8'43.96"N
Elevation = 934ft
Pedestrian: Longitude = 84°52'20.73"W
Latitude = 35° 8'41.38"N
Elevation = 9211t

Distance between Pedestrian and Vehicle: Absolute Distance, AD= 2811t
Coeff. Of Friction wet, f= 0.7
Perception Time (seconds), t = 2.5
Speed limit on Wiggins St. SE = 30 mph
Stopping Sight Distance, SSD = 156.14
SSD < AD Therefore, safe.



Intersection of Wildwood Ave SE & 18" St. SE
Vehicle: Longitude = 84°52'21.18"W
Latitude = 35° 829.50"N
Elevation = 923{t
Pedestrian: Longitude = 84°52'19.25"W
Latitude = 35° 8'28.74"N
Elevation = 936ft
Distance between Pedestrian and Vehicle: Absolute Distance, AD= 174ft
Coeff, Of Friction wet, £ =0.7
Perception Time (seconds), t =2.5
Speed limit on 18™ St. SE =25 mph
Stopping Sight Distance, SSD = 118.76ft
SSD < AD Therefore, safe.



Intersection of Fisher St. SE & 18™ St. SE
Vehicle: Longitude = 84°52'28.73"W
Latitude = 35° 828.67"N
Elevation = 922ft
Pedestrian: Longitude = 84°52'27.06"W
Latitude = 35° 8'31.42"N
Elevation = 925ft
Distance between Pedestrian and Vehicle: Absolute Distance, AD= 304ft
Coeff. Of Friction wet, f=0.7
Perception Time (seconds), t=2.5
Speed limit on Fisher St. SE = 30 mph
Stopping Sight Distance, SSD = 152.511t
SSD < AD Therefore, safe.



Intersection of Wiggins St, SE & 12" St. SE
Vehicle: Longitude = 84°52'18.94"W
Latitude = 35° 8'46.42"N
Elevation = 925ft
Pedestrian: Longitude = 84°5221.33"W
Latitude = 35° 8'47.38"N
Elevation = 924

Distance between Pedestrian and Vehicle: Absolute Distance, AD= 219t
Coeff. Of Friction wet, £ = 0.7
Perception Time (seconds), t = 2.5
Speed limit on 13™ St. SE =30 mph
Stopping Sight Distance, SSD = 153.38ft
SSD < AD Therefore, safe.



Intersection of Hardwick St. SE & 12" St. SE
Vehicle: Longitude = 84°52'16.35"W
Latitude = 35° 8'51.12"N
Elevation = 9031t
Pedestrian: Longitude = 84°52'16.00"W
Latitude = 35° 8'48.73"N
Elevation = 9111t
Distance between Pedestrian and Vehicle: Absolute Distance, AD=240ft
Coeff. Of Friction wet, £ = 0.7
Perception Time (seconds), t =2.5
Speed limit on Hardwick St. SE =30 mph
Stopping Sight Distance, SSD =151.15
SSD < AD Therefore, safe.



Intersection of Godfrey St. SE & 12" St. SE
Vehicle: Longitude = 84°52'13.65"W
Latitude = 35° 8'50.34"N
Elevation = 895ft
Pedestrian: Longitude = 84°52'13.09"W
Latitude = 35° 8'48.91"N
Elevation = 904ft
Distance between Pedestrian and Vehicle: Absolute Distance, AD= 165ft
Coeff. Of Friction wet, f = 0.7
Perception Time (seconds), t =2.5
Speed limit on Godfrey St. SE = 30 mph
Stopping Sight Distance, SSD = 151.32
SSD < AD Therefore, safe.



Intersection of Blythe Ave SE & 13™ St. SE
Vehicle: Longitude = 84°52'34.33"W
Latitude = 35° 8'48.86"N
Elevation = 8744t
Pedestrian: Longitude = 84°52'32.67"W
Latitude = 35° 8'51.53"N
Elevation = 887ft

Distance between Pedestrian and Vehicle: Absolute Distance, AD= 303ft
Coeff, Of Friction wet, f = 0.7
Perception Time (seconds), t=2.5
Speed limit on Blythe Ave SE = 30 mph
Stopping Sight Distance, SSD = 150.63
SSD < AD Therefore, safe,



Intersection of Wilson Ave SE & 15" St. SE
Vehicle: Longitude = 84°52'17.24"W
Latitude = 35° 8'43.55"N
Elevation = 893ft
Pedestrian: Longitude = 84°52'25.97"W
Latitude = 35° 8'42.65"N

Elevation = 913ft
Distance between Pedestrian and Vehicle: Absolute Distance, AD=2111t
Coeff. Of Friction wet, f = 0.7
Perception Time (seconds), t=2.5
Speed limit on 15™ St. SE = 30 mph
Stopping Sight Distance, SSD = 147.99{t
SSD < AD Therefore, safe.



Intersection of Aurora Ave SE & 15" St. SE
Vehicle: Longitude = 84°52'26.68"W
Latitude = 35° 8'46.61"N
Elevation = 909t
Pedestrian: Longitude = 84°52'28.30"W
Latitude = 35° 8'43.89"N

Elevation = 891
Distance between Pedestrian and Vehicle: Absolute Distance, AD=298ft
Coeff. Of Friction wet, £ = 0.7
Perception Time (seconds), t = 2.5
Speed limit on Aurora Ave SE =30 mph
Stopping Sight Distance, SSD = 157.15ft
SSD < AD Therefore, safe.
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03» 30 _Cast-l

Place Concrete
bbb brs'ach

Unit Cost Estimates

. Dniy lohor 2011 Bare Costs Total
' 03 30 53.40 Concrete In Place ' Crew Output Hwns Unit | Moferial  Llobor  Equipment  Tolal Ind 0&P
' 3 0010 | CONCRETE IN PLACE R033053-10 | |
= 0020 Incling forms 4 uses), rinforcing steel, concrete, plocement, 03305340 i
» 0050 ond finishing unless otherwise indicoted R033105-10 | | | |
» 0500 | Chimney foundations (5000 psi), industial, minimum R033105-20 { G14C 3222 3476, (Y. 144 m J3| 255731
2 0510 Maximum RO3310550 | 7 (237147240 | 168 151 | 99 319991 440
- 3540 Equipment pad (3000 psi), 3’ x 3* x 6" thick R03310570 | C14H | 45 1.067E fa. 40.50 3% | 51 7601} 104
= 3550 4" x 4" x 6" thick | |30 1600 | 62 5250 moonsul s
n 3560 5% 5 x 8" thick | |18 2667 | M| 8750 128 19978 270
= 370 8 x6" x 8" thick | | 1 3] 150 | 13 165 26465 355
= 3580 8 x 8" x 10 tick Eia ey e O T 288 51988 490
3590 10" x 10" x 12" thick | } 5 19600 y | 550 | 315 461 B69.611 1,150
: 3800 | Footings (3000 psi), spread under 1 (Y. leuci 281 4 |cv| 158 | 1 84 2684 30
- 3825 | 1CY.15CY. L] 432605 ; 185 | 8 550 26855 345
P 3650 | OmrSCY | R3310580 | + | 75 1493 | m 4750 3 2881 %8
- 3900 | Foofings, strip (3000 psi), 18" x 9", unreinforced |C14L) 40 2400 | 119 ;, 75 .Sﬂi 19458 257
3920 18”9, reinforced R03310585 | C14C 35 3200 Moo &7 4367|330
» 3925 207 x 107, uneinorced (Clay 45 (238) | | me | esso) s1| vsor] 20
3930 207 x 10", rinforced e’y 40 2800 | 1 | 8950 590 22409 298
3935 24" x 12", unrinforced [C14L} 55 (1.45) | 1 14 | 5450 420 wsnl
3940 247312, winforced al’s 43 238l | 1 | s A w9 M
3945 36" % 12", unreinforced (L 70 03| % m | #8 33 15433 14
3950 36" x 12", reinforced |Cl4C, 60 11.867) | 17 5950, 390 18689 240
4000 | Foundafion mat (3000 psi), under 10 C.Y. | 1%e7i286| | | 192 | 9250 61 28511 365
4050 Over 20 C.Y. v (5640198 ¢ | 169 6350 42 2292 92
'_ 4520 Handicap access ramp (4000 psi), railing both sides, 3’ wide (141 1458 3292 LE @ 278 108 | 158  387.58| 490
: 4525 5" wide | 23| | | 28 129 | 189 . 1889|535
. £30 With & curh and rils both sides, 3" wide | B55 5414 EE 185 260 47489 630
535 5" wide v 131 6566 l 292 216 315 S105) 5
Slob on grode (3500 psi), ind. trowelad finish, not incl. forms f
1 or reinforcing, over 10,000 S.F, 4" thick Cl4F 3425021 | SE 1.29 64 01 1.94 L46p
‘ 6 hick TR0 0 [ 189 65| 01} 2.55 304 .
| Slaboon grode (3000 psi), ind. textured finish, notind. forms L] ;
2 orrenforcing, 4” thick ICH6 28673 0191 SE | 1.9 58 01 188 237
8" thick || |29 022 | 201 S el Al
505 ! 8" thick | w (B0 00 | 280 "7 W 3% 4w
. | Stairs (3500 psi, not including sofety freads, free stonding, 36" wide (C4H 83 578 LFNose 5 9 8 unB B
‘ Cast on ground | (125 384 v | 4m| 1265, 8] un| 2
— Stair londings, free standing | 1200 240 SE | 403, 790 a2 1205 775
Cast on ground [ w L4715 000 ] * | 3.293 3.32 05 6.66 9.20
23 31 Structural Concrete 3
31 05 35 Normal Weight Concrete, Ready Mix
NORMAL WEIGHT CONCRETE, READY MIX, dolivered R033105-10 |
Indludes local aggregate, sand, Portlond cement, and water '
Exdludes oll additives and reatmants R033105:20 | | f
2000 psi SRR 91.50 101
2500 psi RO33105:30 A 2 103
3000 psi . L 9 | 99 109
3500 psi R03310540 Pl 99.50| 99.50 110
4000 s R 103 13

65



RSMeans Cost Data, Student Edition

03 01 Mamtenance of Concrete

ast-In-Place Concrete
Daily  Lobor- 2011 Bare Costs - ot
03 01 30.64 Floor Patching Cew Ouiput Hours Unit | Moteril  Lobor  Equipment  Totol | Incl 0RP
0010 | FLOOR PATCHING | _
0012 | Floor patching, 1/4" thick, small areas, regulor 1Cefi ' 170 | 047 | SE 244 150 394, 505
mooj Fpoxy = 1700 | 080 ° 5.75 2.55 830 1040

: ¢ Concrete Demolition
03 05_95.1 0 Selectlve Demolmon, Concrete o
0010 SEE(TIVE DEMOI.ITION CONCRETE R024119-10

12 | Fxdudes sow cuiting torch cutiing, foading or houl

Breok up into small pieces, minimum reinforcing B9 M4 1667 CV. 45 815 53151 84 l
0060 | Average reinforcing 16 2500 | 67 1220 7920 125
0070 | Maximum reinforcing vi 85w L1 24501 15850} * 252
0150 |  Remove whole pieces, up o 2 fons per piece £18 1 36 (11110 Ea ! 40.50 % 69501 107
0160 2~ 5 tons e piece 30 1333 | 4850, M50, 83 E 129
0170 5 - 10 tons per piece 4 11667 | 61 | 43 104 % 161
0180 10 - 15 fons per piecs ¢ 1eiane | 81 57.50 138501 213
0250 Precast unit embedded in masonry, upfo 1 CE. DT 16§ 1 i 30.50 3050 50
0260 1-2CF F 112 11338 40.50 40501 6658
0270 2-5CK 3 10 | 1.600 48.50 485! 80
0280 5-10CF | v ! 812 9| 61 61 | 100

g Basic Concrete Materials
03 05 13.85 W'nter Protection

0010  WINTER PROTECTION i ‘
0012 For heated ready mix, odd, minimum oy | 425 425 448

0050 Maximum " 5.30 j 5.30 LY 3
0100 Temporary heat to protect concrete, 24 hours, minimum 2Cab! 50 ' 320 MSE| 525 8.45 53345 5%
0200 | Temporary shelter for slab on grade, wood frome/polyethylene sheeting i

0201 Build or remove, minimum 2Cap' 10 '1.6001 MSE| 268 53.50 31501 385
0210 | Maximum ¥ {3 |5883L * | 35 179 504 | 455
0710 | Hechricolly, heated pads, 15 watts/S.F., 20 uses, minimum ‘ i SE 3 2 bl Wi
0800 | Moximum it 35 35 k)

03 11 Concrete Forming

103 11 1345 Forms In Place, Footings

0010 ' FORMS IN PLACE, FOOTINGS R03111340 |
0020 | Continuous wall, plywood, 1 use G1 | 375 | 085 ' SFCA 5 254 7.54 975
0150 dysp "o4g5 | 066! " 163 1.9 359 51
1500 | Keywoy, 4 use, topered wood, 2" x 4” RO3111340 | 1Com 530 015 LE | 18 51 9 15
1550 | 2x6" "50 06 " | 2 54 f 8w
5000 | Spread fooings, jobrbuilt umber, 1 use ¢1 | 305 | .105 | SFCA | 179 32 i 4911 175
5150 | 4use “olqwloml vl s 230 | 8| 4am
03 11 13,65 Forms In Place, Slab On Grade _ " o
10010 | FORMS IN PLACE, SLAB ON GRADE R03111340
1000 | Bulkheud fotmsw/keywuy wood 6" hlgh 1use RO3111360 0 C1 510 063 LE 86 1.87 273 4
. L Bulkhe stolind kevwoy & slake 1200 07 Lici 79 2.43 A |
51/ high G | (100029 | 1.90 86 276 3
1420 | 71/2" high R kil T30 y;

60
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Boardwalk Calculations
Estimated cost for a 12’ x 18’ wood plastic composite deck is $3900.
$3900/(12'*18")= $18.06/ SF
Boardwalk Length= 1,267 ft

Boardwalk Width= 10 ft
Boardwalk cost (just for decking and railing)= (1267*10)*18.06= $228, 820.20

Total Deck’ $3,900 £2,549 $4,400 $3.250 $4,168

Annual Maintenanre™ S375 875 $375 5375
| Fiva Year Ownership 34,275 54,325 $4.775 5,125 $6,040
References

k/hew-much-il gsite-deck-cozt-

m/straightta

ges-a-corn



RETAINING WALL



suonemo[es 1809 [[esm SuTure)al I0J BIEp SUBIA S

w5 EE
=

b =3
o X

o \.-L.rrfu‘“ g ,mlw.»...nu”

ETETElT:

A

£ RERAL 10

BT

17002 7 3G p SHEER




RSMeans Cost Data, Student Edition

31 05 ommon Work Results for Earthwork

' Daily  Labor- 2011 Bare Costs
3105 13.10 Borrow ) (rew Output Hours Unit | Matericl  lobor  Fquipment  Totol
0010 ' BORROW ] :
0020 Spread, 200 H.P. dozer, no compaction, 2 mi. RT hal | |
0200 (ommon horrow B15 | 600 047 (Y. 15 1.37 344 198
3105 16 - Aggregates for Earthwork
3105 16.10 Borrow )
0010  BORROW
0020 Spread, with 200 H.P. dozer, no compaction, 2 mi. RT houl i
0100 Bank run grovel | B15 1 600 | .047 CY. 22 1.37/ 344 28
0300 Crushed stone (1.40 tons per CY) , 1-1/2 { ] [e00 0474 | § 38 137! 344 LYE )
0320 | 3/ Ll leo o7 | | 8 13 34 am
0340 /2" f [ 600 | .047 ‘ 47 137 3.44 5181
0360 3 3/8" i 600 | 047 | | ‘ 32 137 344 36.81
0400 | Sand, washed, concrete i 600 047 | | 41 1.37 344 4581
0500 Deod or bunk sond vy 600 047 o 15 1.37 344 19818
31 11 Clearing and Grubbing
/311110 - Clearing and Grubbing Land

311110, 10 Clear and Grub Site

00]0 CLEAR AND GRUB SITE
0020 - Cut & chip light trees fo 6" diam. [ B7 | 1 | 48 | Aoe | 1,350 1,300 2650

0150 Grub stumps and remove {B30; 2 | 12 | 355 980 | 1,335
0200 Cut & chip medium, treas to 12 diom. B7 120 68571 1 | 1,925 1,875 3,800
0250 Grub stumps ond remove B0 1 | M| LTS 195%0) 265
0300 Cut & chip heavy, fraes to 24” diom. {B7 30 | 160 | | 4,500 4,350 8,850
0350 Grub stumps and remove | B30 50 | 48 : 1,425 3,925% 5,350
0400 If burning is allowed, reduce cut & chip ‘ v | : i

31 13 Selective Tree and Shrub Removal and Trimming

311313 - Selective Tree and Shrub Removal
3113 13.10 Selective Clearing
0010  SELECTIVE CLEARING

0020 Clearing brush with brush sow , AC 25 32 Aoe | ' 845 103 | 948
0100 By hand i10cb .12 66.667 | 1775 f' 1,775
0300 With dozer, ball and chain, light clearing BIAY 21 8 | 245 525 170
0400 | Medium claring L7150 10667 | P 0 1005

31 22 Grading
/3122 16 - Fine Grading
3122 16.10 Finish Grading

0010 ' FINISH GRADING ' v '
0012 Finish grading area fo be poved with grader, small area B1IL 400 ' 040 SY ! 1.23 136 259

1050 For small irregular oreos _B:32C 2000 024 ' 4 il LAS
-f 1100 Fine grade for slab on grode, machine {B11L 1040 015 & | 47 57 99
1160 Hand grading i1Cab’ 500 016  SF ’ | 42/ ‘ 42

3300 Finishing grading slopes, gentle B11L 1 8900  .002 | S.. ' | 06! 06 42

|

3500 | Fiish grading logoon bottoms " 14| 4 |MSE] SV 136 259




Healt SAn

West and East Retaining Wall Cut and Fill Approximations and Cost Estimations

S estmated from Comtomn
Poundes to searest Ectimated from Castoar Mar

.25 femt -Ciiies fram Mar

e o OS50 /

Basg

Avig, Wiest Ele. | Avg Esst | Elevation
Section Width (%} | Lonpth ifid Arez ;’yd:% [l Ela, [ft [Ead]
51a.0+00 - 0+42,50 24 42.5 2778 815.7 915 a91%
Sta.0+42.50 - 2402, 50 24 (51K £3.23 915.5 ais 315
Sta. 1+02,56G - 1+52.25 24 2975 44,22 §i5 aid 314
Sta. 1+52,25 - 1+23.50 24 44.25 39.25 ai3 513 313
Sta, 145632 - 3+30.20 24 33.5 2%7E 914 9i1 911
5ta, 2+30.02 - 2+52.25 24 32.25 2E.67 912 908 309
5ta, 2+62.25 - 2+93.25 24 31 22.5€ 911 o7 409
&tz 2+453.25 - 3+23.25 24 i 27.56 51l 827 909
Sta, 3+24.25 - 3+52.23 24 2E 23,7¢ 915 9C3 309
Stz 34R2,25-4+01.25 24 23 34,67 913 203 209
Sta, £+05.25 - S439.020 24 372.75 23.56 513 ad 309
Sta, 4433.00 - 5+30.60 24 651 5&.22 912 3235 909
5ta, 34002.00 - 546275 24 62.75 25.7é 211 927 933
Sta. 5+62.75 - 6+13.30 24 50.75 43.11 911 205 903
Sta. 6+12 58 - 6+67.25 24 53.75 4778 911 So6 a0s
Sta, 6467.25 - 7+09.25 24 32 27.33 912 5C3 339
Sta, 7H09 25 - 7+64.50 24 55.25 4911 Sil 8oy 209
Sta, 7464 50 - E426.00 24 0l.5 S.67 512 ala S09
Eta, 5425 00 - £+E5.50 24 59.5 S2E59 Qi - L 9203
Sta, 5+35.50-9+27.25 23 £1.75 a7.11 g13 SCa 209
St3, 9427.25 - 3+558.00 24 L1FS 3711 &il eas = V)
Ste. 94563 .02 - 10+32.25 24 £3.25 S22 912 ) 513
Sia. 10432.,25 - 10+38.25 24 SE L9.7¢e 915 aGT? 409
Sta. 10+8E.25 - £14#47.25 24 =3 S2.44 21 07 809
5ta. 11+45.25 - 12401.00 24 5375 S7.7E 91 as7 kS
573, 12+401.00 - LZ+40.00 24 33 248,67 309 953 HE
St L2480 00 - 124675 24 27.5 2a,548 SC9 SCa 908

Tatal: 1Z457.5 L126,67




Cut Volume
Section Cut Height (ft) (yd®) Fill Height (ft) | Fill Volume {yd*)
Sta.0+00 - 0+42.50 0.5 9.44 0 0
Sta.0+42.50 - 1+02.50 0.5 13.33 0 0
Sta. 1+02.50 - 1+52.25 1. 22,11 0 0
Sta. 1452.25 - 1+96.50 2 39.33 0 0
Sta. 1+96.50 - 2+30.00 3 44.67 0 0
Sta. 2+30.00 - 2+62.25 3 64.50 1 7.17
Sta. 2+62.25 - 2+93.25 2 27.56 2 27.56
Sta. 2+93.25 - 3+24.25 2 27.56 2 27.56
Sta. 3+24.25 - 3+62.25 6 121.60 / 51.04
Sta. 3+62.25 - 4+01.25 6 124.80 4 55.47
Sta. 4+01.25 - 4439.00 4 59.65 5 93.21
Sta. 4+39.00 - 5+00.00 3 69.71 4 123.94
Sta. 5+00.00 - 5+62.75 2 55.78 2 55.78
Sta. 5+62.75 - 6+13.50 2 36.09 3 81.20
Sta. 6+13.50 - 6+67.25 2 38.22 3 86.00
Sta. 6+67.25 - 7+09.25 3 84.00 1 9.33
Sta. 7+09.25 - 7+64.50 2 49.11 2 49.11
Sta. 7+64.50 - 8+26.00 3 123.00 1 13.67
Sta. 8+26.00 - 8+85.50 2 52.89 2 52.89
Sta. 8+85.50 - 9+27.25 4 118.76 1 7.42
Sta. 9+27.25 - 9+69.00 2 24.74 4 98.96
Sta. 9+69.00 - 10+32.25 3 72.29 a4 128.51
Sta. 10+32.25 - 10+88.25 6 224.00 2 24.89
Sta. 10+88.25 - 11+47.25 5 187.30 2 29.97
Sta. 11+47.25 - 12+01.00 2 47.78 2 47,78
Sta. 12+01.00 - 12+40.00 1 34.67 0 0.00
Sta. 12+40.00 - 12+67.50 1 24.44 0 0.00
Total: 1797.33 1074.44
| Cost:] $ 26,744.271 [$  1,987.729

Based off bare total of 1 C.Y.
hydraulic excavator in clay soil in
RS Means

/

Using dozer assuming fill
taken from cut without
factoring compaction -
from RS Means




Wall needed at 2' cut height or

Adds 1' to cut height to account
for embedment depth of base

Based off 1" min. drainage
stone from keystone

higher Specs s
AN
P
West Retaining Wall | West Retaining | West Retaining Wall | #57 Stone West
Section Needed? Design Height (ft) Area (ft}) Wall Backfill (vd")
Sta.0+00 - 0+42.50 no I : -
5ta.0+42.50 - 1+02.50 no - - -
Sta. 1+02.50 - 1+52.25 no - - -
Sta. 1+52.25 - 1+96.50 yes 3 132.75 3.28
Sta. 1+96.,50 - 2+30.00 yes 4 134.00 3.72
Sta. 2+30.00 - 2+62.25 yes 4 129.00 3.58
Sta. 2462.25 - 2493.25 yes 3 93.00 2.30
Sta. 2+93.25 - 3+24.25 yes 3 93.00 2.30
Sta. 3+24.25 - 3+62.25 yes 7 266.00 8.44
Sta. 3+62,25 - 4+01.25 yes 7 273.00 8.67
Sta. 4+01.25 - 4+39.00 yes 5 188.75 5.59
Sta. 4+39.00 - 5+00.00 yes 4 244.00 6.78
Sta. 5+00.00 - 5+62.75 yes 3 188.25 4.65
Sta. 5+62.75- 6+13.50 yes 3 152.25 3.76
Sta. 6+13,50 - 6+67.25 yes 3 161.25 3.98
Sta. 6+67.25 - 7+09.25 yes 4 168.00 4.67
Sta. 7+09.25 - 7+64.50 yes 3 165.75 4.09
Sta. 7+64.50 - 8+26.00 yes 4 246.00 6.83
Sta. 8+26.00 - 8+85.50 yes 3 178.50 441
Sta. 8+85.50 - 9+27.25 yes 5 208,75 6.19
Sta. 9+27.25 - 9+69.00 yes 3 125.25 3.09
Sta. 5+69.00 - 10+32.25 yes 4 253.00 7.03
Sta. 10432.25 - 10+88.25 yes 7 392.00 12.44
Sta. 10+88.25 - 11+47.25 yes 6 354.00 10.93
Sta. 11+47.25 - 12+01.00 yes 3 161.25 3.98
Sta. 12+01.00 - 12+40.00 ho - - -
Sta. 12+40.00 - 12+67.50 no - - -
Total: 4307.75 120.70
Cost:| $ 53,114.569 § 4,365:25 1

RS Means

Assuming medium, It. wt., 8" high x
18" wide x 12' deep, straight split -

Retaining wall gravel
bacifill, place, spread by
hand - RS Means




Wall needed at 1' fill height Adds 1" to fill height to account for Based off 1' min, Based off of 8'

or larger embedment depth drainage stone from sidewalk and 4"
keystone specs thickness from

. = TDHOT Snec
-~ N
East
East Retaining | Retaining
East Retaining | Design Height | Wall Area | #57 Stone West | Concrete for
Section Wall Needed? (ft) (ft)) Wall Backfill (yd®)| Sidewalk (ft*)

5ta.0+00-0+4250 |  no - - I 340
Sta.0+42.50 - 1+02.50 no - - - 480
Sta. 1+02.50 - 1+52.25 no - - - 398
Sta. 1+52.25 - 1+96.50 no - - - 354
Sta. 1+96.50 - 2+30.00 no - - - 268
Sta. 2+30.00 - 2462.25 yes 2 64.5 1.19 258
Sta. 2+62.25 - 2+93.25 yes 3 93 2.30 248
Sta. 2+93.25- 3+24.25 yes 3 93 2.30 248
Sta. 3+24.25- 3462.25 yes 5 190 5.63 304
Sta. 3+62.25 - 4+01.25 yes 5 195 5.78 312
Sta. 4+01.25 - 4+39.00 yes 6 226.5 6.99 302
Sta. 4+39.00 - 5+00.00 yes 5 305 9.04 488
Sta. 5+00.00 - 5+62.75 yes 3 188.25 4.65 502
Sta. 5+62.75 - 6+13.50 yes 4 203 5.64 406
Sta. 6+13.50 - 6+67.25 yes 4 215 5.97 430
Sta. 6+67.25 - 7+09.25 yes 2 84 1.56 336
Sta. 7+09.25 - 7+64.50 yes 3 165.75 4.09 442
Sta. 7+64.50 - 8+26.00 yes 2 123 2.28 492
Sta. 8+26.00 - 8+85.50 yes 3 178.5 441 476
Sta. 8+85.50 - 9+27.25 yes 2 83.5 1.55 334
Sta. 9+27.25 - 9+69.00 yes 5 208.75 6.19 334
Sta. 9+69.00 - 10+32.25 yes 5 316.25 9.37 506
Sta. 10+32.25 - 10+88.25 yes 3 168 4.15 448
Sta. 10+88.25 - 11+47.25 yes 3 177 4.37 472
Sta. 11+47.25 - 12+01.00 yes 3 161.25 3.98 430
Sta. 12+01.00 - 12+40.00 no - - - 312
Sta. 12+40.00 - 12+67.50 no - - - 220

Total: 3439.25 91.42 10140

[ Cost:[ $42,405.95Y $ 3306.54%$ 30,825.609

Assuming medium, It. wt., ||Retaining wall gravel
8" high x 18" wide x 12"  (|backfill, place, spread by
deep, straight split - RS hand - RS Means

Means Eised off 4" thick cast-in-
p

lace concrete - RS
ANS




w""|Fne-grading for sian on

grade from RS Means
" -
fina-Grading Cost: § LI15.40 Using 6" i¥s, doze: backfl, compacton

ComnacticaCost: & 8.615.3% ) with sheensfoart roler - RS Means

HaulingCost: § €116.87 "‘\H

SsEurning rauing zl cur
8.08 and il usng & C.Y. ouck,
15 ok, orcie 0.3 mie.
vealt 10 mn. - RS ilgars

J=i
Ui
-]

Tnta! Cost: si7e,
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Keystone SpecifierGUIDE

For over 25 years, Keystone Retaining Wall Systems has set the worldwide standard in soil retention, erosion
control and landscape systems. By working with the finest network of manufacturers, product developers,
engineers and sales professionals in the business; Keystone ensures that its products and services offer the best

site solutions for residential, commercial, recreational, industrial and governmental applications.

Architects, engineers and contractors around the world rely on Keystone's industry leading product
performance and aesthetics to fulfill the unique requirements of their projects. Offering a broad family of
products, Keystone has the right solution for even the most challenging structural and landscape sites.

The Keystone difference lies in its outer beauty and inner strength. Keystone’s patented, interlocking
fiberglass pin system ensures a positive connection from wall unit to wall unit, and between wall units and
soil reinforcement. In addition, Keystone’s pinned system aids in horizontal alignment, as well as providing

for the ability to vary wall set-back.

o KEYSTONE’

OTANDARD

The Keystone Standard is an American original and remains the industry
leader, The Keystone Standard unit's height-to-depth ratio delivers a
structurally sound, engineered wall system with superior construction stability,
durability, and strength. This product is the preferred choice for tall walls and
critical struetures,

| 94 - 106 Ibs {43 - 48 kg) 92-97 lbs {42-44kg)  82-93lbs {37 -42kg)

l i P

Standard | Standard 1| Standard |l|

- Stridoshl Tl --

Face Area ¢ 1 sq. ft. per unit
8"hx 18"wx 18-21"d 102-114lbs{46-52kg) 99-1051bs (45-48kg)  85- 96 Ibs (39 - 44 kg)

{203 x 457 x 457 - 533 mm) >
-

-y

Supporting products that can be used with both the Standard and Compac units.

8" 90° Corner unit*
Face Area + .83sq. ft.
8'"h x15"wx é*d
{203 x 381 x 152 mm)
44 - 48 Ibs (20 - 22 kg)

*Left & right corner units available.

8" 90° Corner unit
Face Area = 1 sq. ft.
8'h x 18"w x ?*d
{203 x 457 x 228 mm)
96 - 102 ibs (44 - 46 kg)

2 Connection Pins
required per unit

* Note: Unit colors, dimensions, weight, and availability will vary by manufacturer.
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KEYSTONE®

Gompac

76 - 81 Ibs (34 - 37 kg) 67 -72 Ibs {30 - 33 kg)
Featuring unrivaled aesthetic options, cost saving versatility [
and proven wall performance; the Keystone Compac retains its Ii-Plana
position as the most specified unit on the market. An installer's Compac Il Compac Ill
favorite, the Compac's lighter weight and shorter tail design make .
it easy to handle, - Sirsiant solit -
84 - 89 Ibs (38 - 40 kg) 71-76bs (32 - 34 kg)
Face Area ¢ 1 sq. ft. per unit ‘_,'ﬁ,
8"hx18"wx12"d =
(203 x 457 x 305 mm)

Alternative face options available:

¥ Note: Unit colors, dimensions, weight, and availability will vary by manufacturer. www.keystonewallscom 3
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PANEL SYSTEM
** Contech

The KeySteel SQ FT Panel System is a high performance retaining
wall systemn designed specifically for use in transportation and tall walls
wiih high load applications. This systemn has been used extensively for

#

P
/.?
Sl

B OAE e A g 8
=, z:.ﬁfﬂj" L - VN structures supporting railroads, multi-story buildings, bridge approach
A

A

and abutments, and mining applications. The KeySteel SQ FT Panel
System has been evaluated by HITEC (CERF report #40478) and
found to be in accordance with the high standards of the AASHTO
bridge specification manual. The system utilizes the Keystone KeySteel
SQ FT Panel and inextensible KeyStrip soil reinforcement.

g

Face Area ® 1 5q. ft. per unit el >
8"hx 18"wx 12"d - T

(203 x 457 x 305 mm) P Z
90 - 95 Ibs (41 - 43 kg) . ;

Steel Pins Fiberglass Pins Tri-Plane Straight Split

2 required per unit
(steel pins required at reinforcement locations)

1’,:&, KEYGRID

SYSTEM

The KeyGrid System has been developed, designed and tested to meet
the highest standards of the transportation market. The System was
evaluated by HITEC and found to be in accordance with the most
current AASHTO LRFD Bridge Design Specifications and Federal
Highway Administration design requirements for transportation
applications. The system utilizes the patented Keystone Compac II
unit and Miragrid® XT geogrids.

Face Area » 1 sq. ft. per unit
B'"hx18"wx12"d
{203 x 457 x 305 mm)
76 - 89 |bs {34 - 40 ko)

Tri-Plane Straight Split 2 Connection Pins
required per unit

Keystone SpecifierGUIDE * Note: Unit colors, dimensions, weight, and availability will vary by manufacturer.



I33cLITE

The Keystone 133Elite is perfect for large wall applications.
The 8" x 24" face dimension creates a larger-scale appearance,
aesthetically matching the larger wall look while reducing the
to sweeping curves, the Keystone 133Elite is able to satisfy a
wide array of design requirements. Quite simply, the Keystone
133Elite is the best combination of strength, beauty and
efficiency on the market.

Hewnstone Random Score 133Elite® 90° Hewnstone Corner* 2 Shouldered Pins
*Note: Units shown have chamfer on three sides. 8"h x 18"w x 6"d required per unit
Face Area * 1.33 sq. ft. per unit (203 x 457 x 152 mim)}
8"hx 24"wx 11.5- 12"d 53 - 57 lbs (24 - 26 kg)
{203 x 610 x 292 - 305 mm) *Left & right corner units available.

92 - 97 |bs {42 - 44 kg)

KEYSTONE
CENTURY WALL.

Designed specifically for medium to large wall loading
conditions, Keystone Century Wall combines the distinctive
look and character of a natural stone three-piece system*
with superior structural integrity. For projects where
aesthetics are paramount; Keystone Century Wall allov:s
you to build with confidence.

i
ey ’ @ ¢
| .‘" :l -.‘ﬂ. “‘x
- % a % il
Large unit Medium unit Smail unit 1to 2 Shouldered Pins
Face Area » 15q. ft. Face Area » .62 sq. ft. Face Area ¢ .38sq. ft. required per unit
8'"hx18"wx12"d 8'"hx 1M"wx12"d 8"hx7"wx 12"d T sel Mt Wall (4'4) wni
(203x 457 x 305 mm)  (203x 279x305 mm) (203 x 177 x 305 mm) e R ey ol (1 4) s are
82-87Ibs (37 -39 kg)  54-581bs (24- 26 kg)  41-45 Ibs (19 - 20 kg) ashlar patsern swall design,

* Note: Unit colors, dimensions, weight, and availability will vary by manufacturer. www keystonetwalls.com
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Keystone Country Manor offers the appearance of rustic,
hand-laid stone walls with the strength and ease of installation
provided by the latest in dry-stacked, modular, pin-connected
technology. With three finished sides on each unit, Country
Manor offers endless building possibilities,

707"

3 - piece Country Manor

Unit 16/14
16" Face Area » .66 sq. ft.
14" Face Area * .58 sq. ft.
6'"hx16"/14"w x 10"d
(152 x 406/355 x 254 mm)
60 - 65 |bs (27 - 29 kg)

-
I‘li‘:ﬂ:.

Unit 12/10%*

12" Face Area = .50 sq, ft.
10" Face Area » 42 sq. ft.
6"h x12"/10"w x 10"d
{152 x 305/254 x 254 mm)
47 - 51 Ibs (20 - 23 kg)

Optional Country Manor Unit Sizes*

gl

Unit 8/6

8" Face Area ® .33 sq. ft.

6" Face Area » .25 sq. ft.
6"h x 8"/6"w x 10"d

(152 x 203/152 x 254 mm)
30-33lbs (14 - 15 kg)

b
. ‘?
Unit 10/8
10" Face Area ® 42 sq. ft.
8" Face Area » .33sq. ft.
6"h x10"/8"w x 10"d
{152 x 254/203 x 254 mm}
38 -42 |bs (17 - 19 kg)

Unit 6/4
6" Face Area » .255q. ft.
4" Face Area ® .17 sq. ft.
6"hx 6"/4"wx 10"d
{152 x 152/101 x 254 mm)
21-241bs (10- 11 kg)

Unit 12/12**

12" Face Area .50 sq, ft,
6"h x12"/12"w x 10"d
(152 x 305/305 x 254 mm)
51 -55Ibs (23 - 25 kg)
(90° ends for vertical
stacking capability}

Keystone Country Manor Cap Unit
*3"h x12*/10"wx 11"d
(76 x 305/255 x 279 mm)
27 -30lbs (12 - 14 kg)

1-2 Shouldered Pins
required per unit

*The number of units in the Keystone
Country Manor system vary by manufacturer.

**The vse of unit cores vary by manufaciurer.

Contact your local representative for further
details.

Unit 16/14
16" Face Area .66 sq. ft.
14" Face Area * .58 sq. ft.
&"h x16"/14"w x 10"d
(152 x 406/355 x 254 mm)
60 - 65 |bs (27 - 29 kg}

& Keystone SpecifierGUIDE

Unit 12/10
12" Face Area * .50 sa. ft.
10" Face Area » 42 sq, ft,
8"h x12"/10"w x 10"d
(152 x 305/254 x 254 mm}
47 - 51 Ibs {21 - 23 kg)

£ KEVSTONE E ’
COUNTRY;: MANGR®

Reminiscent of the walls found scattered throughout the European
countryside, Keystone Stonegate Country Manor features a
smooth, weathered stone appearance. Stonegate delivers all of
the best features of the original Keystone Country Manor, with a

refined look.

]

Unit 6/4 s
6" Face Area » .25 s5q. ft, i '
i
"hx6"/4"w x 10"
(152 x 152/101 x 254 mm)}
21-24Ibs (9- 11 kg)

* Note: Unit colors, dimensions, weight, and availability will vary by manufacturer.



Gravity Walls

One of the most basic types of retaining walls, the gravity wall, relies on unit mass, depth, and setback to
resist the earth pressure that is attempting to move the structure in a lateral direction. Keystone units are
able to resist lateral pressure with their weight and embedment depth. The mortarless, yet structurally
interconnected, Keystone units also permit water drainage to prevent hydrostatic loads. For low, non-
critical applications, Keystone products can be used to build cost-effective gravity wall structures.

Mayximum wall height for non-critical walls is dependent on wall batter, soil loads affecting the walls,
and site conditions including drainage considerations. For more information on specific maximum

gravity wall heights refer to to waww.keystonewalls.com/pagess TECH_DesignCharts. himl.
Reinforced Soil Walls

For taller walls, Keystone units are combined with soil reinforcement {such as geogrids, earth anchors or
galvanized steel grid reinforcing) to create larger composite reinforced soil structures. With a properly
designed combination, the reinforced soil mass can support greater earth pressure and surcharge loads.
These composite structures have been constructed to heights over 70' (21 m) high. Call your local Keystone
Representative to see which option will work best for your project.

Geogrid

Since the 1980’s, geogrid has proven successful in providing durable soil reinforcement for the
retaining wall industry. Proper design methodology today incorporates laboratory tested connection
strength of Keystone concrete units and specific geogrid types for reinforced retaining wall systems,
Geogrids are made from high tenacity polyester yarns or high-dessity polyethylene.

Key properties of geogrid include:
* High tensile strength

* Long-term creep resistance

* Open geometry for interlock

* Non-degradable

* "Off-the-shelf" availability

The advantages of geogrid-reinforced structures include:

® Construct walls faster without waiting for forming, stee! placement and curing time of site cast
concrete; the wall structure and backfill are constructed at the same time,

* Eliminates the need for deep structural footing and deeper excavations.

» Provides durability; long term performance resists effects of water, micro-organisms, alkali or
acidic soils.

Soil Properties

The very purpose of a retaining wall systetn is to safely hold soil in place to make a grade or elevation
change in the shortest possible horizontal distance. The soil’s shear strength (angle of internal friction)
and moist soil weight determines the design characteristics of the soil for use within the wall structurc.
The design properties of the geogrid zone (the retained zone of reinforced soil mass and sloping
embedment seils) as well as the foundation zone (soils beneath the Keystone units and reinforced
zone), must be determined. A qualified geotechnical engineer should be consulted to establish site-
specific soil properties. Taller walls or difficult site conditions will typically require a more extensive
geotechnical investigation including labaratory testing of soil.

Note: Granular soils typically exhibit higher friction angles and better dratnage capability, thus offer a more
efficient and cost effective wall design and soil reinforcement solution. Better quality sotls are more easily placed
and compacted resulting in superior structure performance.

Engineering Properties

A retaining wall is a structural system which, when properly designed, retains a soil mass and safely supports any surcharge loadings applied to the
structure. The engineering propesties of the system components are determined by laboratory testing which provide the technical data necessary to
complete the design in accordance with accepted design standards. Typical engineering data requirements are:

* Unit dimensions, shape/weight
» Unit to unit shear strength
* Unit to geogrid connection strength
* Geogrid long-term design strength
¢ Geogrid soil interaction
* Soil Design Properties
® Surcharge loadings/slope conditions
*Keystone test data is available for all material requirements,

* Note: Unit colors, dimensions, weight, and availability will vary by manufacturer. wuww.keystonewalls,com



Section 02834 (32 32 23)
KEYSTONE CONCRETE RETAINING WALL

PART 1: GENERAL
1.01 Description

A. Work shall consist of designing, furnishing and construction of
a KEYSTONE® Retaining Wall System in accordance with these
spacifications and to the lines, grades, design, and dimensions shown an
the plans. No alternate wall systems will be considereg.

B. Work includes preparing foundation soil, furnishing and installing leveling
pad, unit drainage fill and backfill to the lings and grades shown on the
canstruction drawings.

C. Work includes fumishing and installing geogrid sail reinforcement of the
type, size, location, and lengths designatad on the construction drawings.

1.02 Related Sections
A Section 02300 {31 00 00) - Earthwaork
1.03 Reference Documents
A. American Scciety for Testing and Materials [ASTM}

1. ASTM £140 Standard Test Methods for Sampling and Testing
Concrete Masonry Units and Related Units
2.ASTMC1262  Standard Test Method for Evaluating the Freeze-
Thaw Durability
3. ASTM C1372  Standard Specification far Dry-Cast Segmental
Retaining Wall Units
4, ASTM D422 Standard Test Method for Particle-Size Analysis of Soiis
5. ASTM D698 Standard Test Methods for Laboratory Compaction
Characteristics of Soil Using Standard Effort (12,400 ft-|bf/ft3
(60D kN-m/m3}}
6. ASTM D1557  Standard Test Methods for Laboratory Compaction
Characteristics of Sail Using Modified Effort (56,000 fi-Ibf/ft3
{2,700 kN-m/m3})
7.ASTM D3034  Standard Specification for Type PSM Foly Vinyl
Chloride {PYC) Sewer Pipe and Fittings
B. ASTM D4318  Standard Test Methads for Liquid Limit, Plastic Limit,
and Plasticity Index of Soils
9. ASTM D4475  Hgrizontal Shear Strength of Pultruded Reinforcad
Plastic Rods
10. ASTM D4476  Flexural Properties of Fiber Reinforced Pultruded
Plastic Rods
11. ASTM D4535  Standard Test Method far Tensile Properties of
Geotextiles by the Wide-Width Strip Method
12. ASTM D5262  Standard Test Methed for Evaluating the Unconfined
Tension Creep and Creep Rupture Behavior of Geosynthetics
13. ASTM D5818  Standard Practice for Exposure and Retrieval of
Samples to Evaluats Installation Damage of Geosynthetics
14, ASTM DB637  Standard Test Method for Determining Tensile
Properties of Geogrids by the Single or Multi-Rib Tensile Methed
15. ASTM D6638  Standard Test Method for Determining Connection
Strength Between Gewsynthelic Reinforcement and Segmental
Concrete Units (Modular Concrete Blocks)
16. ASTM DB706  Standard Test Method for Measuring Geosynthetic
Pullout Resistance in Spil
17. ASTM DB916  Standard Test Method for Determining the Shear
Strength Between Segmental Concrete Units (Modular Concrate
Blocks}

[==]

. American Association of State Highway and Transportation Officials
(AASHTO}

1. AASHTO M 252 Corrugated Polyethylene Drainage Pipe
2. AASHTO M 288 Standard Specification for Geatextile Specification for
Highway Applications

Keyssone SpecifierGUIDE

1.04 Submittals/Certification

A. Contractor shall submit a Manufacturer's certification, prior to start of
waork, that the retaining wall system components meet the requirements
of this specification and the structure design.

B. Contractor shall submit construction drawings and design calculations
for the retaining wall system as prepared and stamped by a Professiona!
Engineer registered in the state of the project. The engineering designs,
techniques, and material evaluations shall be in accordance with the
Keystone Design Manual.

1.05 Quality Assurance

A. Contractor shall submit a list of five (5) previously constructed projects
of similar size and magnitude by the wall installer where the specific
retaining wall system has been constructed successfully. Contact names
and telephene numbers shall be listed for each project.

B. Contractor shall provide evidence that the design engineer has a minimum
of five years of documented experience in the design for reinfosced soil
structures. The design engineer shall provide proof of current professional
Iiability insurance with an aggregate coverage limit of not less than
$2,coc.00c.

C. Owner shall provide soil testing and quality assurance inspection during
earthwork and wall construction operations. Contractor shall provide
quality control testing and inspection during construction. Owner's quality
assurance program does not relieve the contractor of responsibility for
quality control and wall performance.

1.06 Delivery, Storage and Handling

A. Contractor shall check all materials upon delivery to assure that the
praper type, grade, color, and certification have been received.

B. Contractor shall protect all materials from damage due to job site
conditions and in accordance with manufacturer's recommendations.
Damaged materials shall not be incorporated inta the wark,

PART 2: PRODUCTS
2.01 Definitions

A. Keystone Unit: a concrete retaining wall element machine made from
Porttand cement, water, and aggregates.

B. Structural Geogrid: a structural element formed of high tenacity woven/
knitted polyester yarns or high-density polyethylene {HDPE) into a regular
network of integrally connected tensile elements with apertures of
sufficient size to allow interlocking with surrounding sail, rock, or earth
and function primarily as reinforcement.

C. Unit Drainage Fill: drainage aggregate that is placed within and
immediately behind the Keystone concrete units.

D. Reinfarced Backfill: compacted soil that is placed within the reinforced
soil volume as outlined on the plans.

2.02 Keystone Concrete Retaining Wall Units

A. Keystone concrete units shall conform to the following architectural
requirements:

1. Face color concrete gray, unless othenwise spacified, The Owiner may
specify standard manufacturers’ calor.

2. Face finish: sculptured rock face in angular tri-plane or straight-face
configuration, Gther face finishes will not be allowed without written
approval of Owner.

3. Bond configuration: running with bonds nominally located at midpoint
of vertically adjacent units, in bath straight and curved alignments.

4. Exposed surfaces of units shalf be free of chips, cracks or other
imperfections when viewed from a distance of 10 feet (3 m) under
diffused lighting.



B. Keystone concrete materials shall conform to the requirements of ASTM
1372 - Standard Specifications for Segmental Retaining Wall Units.

C. Keystone concrete units shall confarm to the following structural and
geometric requirements measured in accordance with ASTM C140
Sampling and Testing Concrete Masonry Units, ASTM D6316 Determining
the Shear Strength Between Segmental Concrete Units and ASTM D6638
Determining Cannection Strength Between Geosynthetic Reinforcement
and Segmental Concrete Units:

1. Compressive strength; = 3000 psi {21 MPa)

2. Absorption: < 8 % for standard weight aggregates. Note to Specifier:
Select appropriate unitfs) below and delete others.

3. Keystone Standard Units:
a. Width: 18" {457 mm).
b. Depth: 18" - 21" {457 - 533 mm), nat including rough split face.
¢. Height: 8" {203 mm),
d. Weight: 82 - 114 pounds {37 - 52 kg) per unit minimum using
standard weight aggregates.

4, Keystone Compac Units:
2. Width: 18" (457 mm).
p. Depth: 12" {305 mmy, not including rough spiit face.
¢. Height: 8" {203 mm).
d. Weight: 67 - 89 pounds (30 - 40 kg} per unit minimum using standard
weight aggregates.

5. Keystone Century Wall Units:
a. Width: Varies — 7 - 18" [178 - 457 mm}.
b. Depth: 12" {308 mm) mirimum, not including rough split face.
¢. Height: 8" {203 mm) and 4" (101 mm).
d. Weight: 20 - 90 pounds {9 - 41 kg} per unit minimum using standard
weight aggregates.

B. Keystane Cauntry Manor Units:
a. Width: 4" - 16" {101 - 406 mm).
b. Depth: 10" (254 mm] minimum, not including rough split face.
¢. Height: 6" {152 mm).
d Weight: 27 - 65 pounds (10 - 23 kg) per unit minimum using standard
weight aggregates.

7. Keystone 133Eile Unils:
a. Width: 24" (610 mm).
b. Depth: 11.5 - 12" (292 - 305 mm).
c. Height: 8" {203 mmj.
d. Weight; 92 - 97 pounds {42 - 44 kg) per unit minimum using standard
weight aggregates.

8. Accessory Units; Provide matching units.
a. Carners: Provide 80 degree comners, finished two sides, where
indicated.
b. Cap units: Provide sofid cap units.

D. Keystone concrete units shall confarm to the following construction
requirements:

1. Vertical setback: 1/8" {3 mm) + per course (near vertical] or 1" {25 mm)
+ per course per the design {3/8" 133Eiite};

2. Alignment and grid positioning mechanism fiberglass pins, two per
unit minimum {one pirt for small units).

3. Maximum horizontal gap between erected units shall be < 1/2° {13 mm).

2.03 Shear Connectors
A. Shear connectors shall be 1/2° {12 mm) diameter thermoset isopthalic
polyester resin pultruded fiberglass reinforcement rods to provide
connection between vertically and horizontally adjacent units with the
following requirements:

1. Flexural Strength in accordance with ASTM D4476: 128,000 psi (882
MPa) minimum:

2. Shert Beam Shear in accardange with ASTM D4475: 6,400 psi (44 MPa)
minimum.

B. Shear connectors shall be capable of holding the geogrid in the proper
design pesition during grid pre tensioning and hackfilling.

2.04 Base Leveling Pad Material

A. Material shall consist of a compacted crushed stone base or non-
reinforced cancrete as shown on the construction drawings.

2.05 Unit Drainage Fili
A. Unit drainage fill shall cansist of clean 1" {25 mm) minus crushed stene or

crushed gravel meeting the following gradation tested in accordance with
ASTM D-422:

Sieve Size Percent Passing
1" {25 mm) 100

3/4" {19 mm) 75-100

No. 4 (4.75mm} 0-10

No. 50 {300um) 0-5

B. Drainage fill shail be placed within the cores of, between, and behind the
units as indicated on the design drawings. Not less than one cubic foot
{0.028 m?), of drainage fill shall be used for each square foot (0,093 m?) of
wall face unless otherwise specified.

2.06 Reinforced Backfill

A. Reinforced backfill shall be free of debris and crganic material; meeting
the following gradation tested in accordance with ASTM D-422:

Sieve Size Percent Passing
3/4" (19 mm) 100-75

No. 40 {425um} 0-60

No. 200 {75um) 0-3%

Plasticity Index {PI) <15 and Liguid Limit {LL) <40 per
ASTM D-4318.

B. The maximum aggregate size shall be limited to 3/4" {13 mm) unless field
tests have been performed to evaluate potential strength reductions to
the gecgrid design due to damage during construction.

C. Material can be site-excavated soils where the ahove requirements can
be met. Unsuitable soils far backfill {high plastic clays or arganic soils)
shall not be used in the backfill or in the reinforced soil mass.

D. Contractor shall submit reinforced fill sample and laboratory test results
to the Architect/Engineer for approval prior to the use of any proposed
reinforced fill material.
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2.07 Geogrid Soil Reinforcement

A. Geosynthetic reinforcement shall consist of geogrids manufactured
specifically for scil reinforcement applications and shall be manufactured
from high tenacity palyester yam or high density polyethylene. Polyester
geogrid shall be knitted from high tenacity polyester filament yarn with a
molecular weight exceeding 25,000 g/m and a carboxyl end group values
less than 30. Palyester geogrid shall be coated with an impregnated PVC
coating that resists peeling, cracking, and stripping.

B. Ta, Long Term Allowable Tensile Design Load, of the geogrid material
shall be determined as follows:

Ta = Tult / (RFer*RFd*RFid*FS)
Ta shall be evaluated based on a 75-year design life.

1. Tult, Shart Term Ultimate Tensile Strength shall be determined in
accordance with ASTM D4595 or ASTM D6637.
Tult is based on the minimum average roll values [MARV).

2. RFer, Reduction Factor for Leng Term Tension Creep
RFer shall be determined from 10,000-hour creep testing performed in
accordance with ASTM D5262 - RFcr can typically vary from 1,50 10 5.0,

3. RFd, Reduction Factor for Durability
RFd shall be determined from polymer specific durability testing
cavering the range of expected soil environments, RFd can typically vary
from 1.10 to 2.0.

4, RFid, Reduction Factor for Installation Damage
RFid shall be determined from product specific construction damage
testing performed in accordance with ASTM D5818. Test results shall
be provided for each product te be used with project specific or more
severe soil type. RFid can typically vary from 1.05
o 2.0.

B. FS, Overall Design Factor of Safety
FS shall be 1.5 unless otherwise noted for the maximum allowable
waorking stress calculation.

C. The maximum design tensile foad of the geagrid shall not exceed the
laboratory tested ultimate strength of the geogrid/facing unit connection
divided by a factor of safety of 1.5. The connection strength testing
and computation procedures shall be in accordance with ASTM D6E38
Connection Strength between Geosynthetic Reinforcement and Segmental
Concrete Units.

D, Seil Interaction Coefficient, Ci
Ci values shall be determined per ASTM D706 at a maximum 3/4" (19

mm) displacement.

E. Manufacturing Quality Control
The geogrid manufacturer shall have & manufacturing quality contro!
program that includes QC testing by an independent |aboratory.
The QC testing shall include:
Tensile Strength Testing
Melt Flow Index (HDPE]
Molecular Weight (Polyester)

2,08 Drainage Pipe
A. If required, the drainage pipe shall be parfarated or slotted PVC pipe

manufactured in accordance with ASTM D-3034 or corrugated HDPE pipe
manufactured in accordance with AASHTO M252.

2.09 Geotextile Filter Fabric

A. When required, Geotextile filter fabric shall be 4.0 0z/sy, polypropylene,
needte-punched nonwoven fabric in accordance with AASHTO M288.

10 Keystone SpeciﬁerG UIDE

PART 3: EXECUTION

3.01 Excavation

A. Contractor shall excavate to the lines and grades shown en the
construction drawings. Owner's representative shall inspect the
excavation and approve the foundation soils prior to placement of
leveling material or fill soils.

B. Over excavation and replacement of unsuitable foundation soils and
replacement with approved compacted fill will be compensated as agreed
upon with the Owner.

3.02 Base Leveling Pad

A. Leveling pad material shall be placed to the lines and grades shown
on the construction drawings, to a minimum thickness of 6" {150 mm})
and extend laterally a minimum of 6" {150 mm) in front and behind the
Keystone wall unit.

B. Soil leveling pad materials shall be compacted to a minimum of 95%
Standard Proctor density per ASTM D-698 or 92% Modified Proctor
Density per ASTM D1557.

C. Leveling pad shall be prepared to insure full contact o the base surface of
the concrete units.

3.03 Keystone Hnit Installation

A. First course of units shall be placed on the leveling pad at the appropriate
line and grade. Alignment and level shall be checked in all directions;
insuring that all units are in full contact with the base and properly seated.

B. Place the front of units side-by-side. Do not leave gaps between
adjacent units. Layout of carners and curves shall be in accordance with
manufacturer's recemmendations.

C. Install shear/connecting devices per manufacturer’s recommendatians.

D. Place drainage fill within and behind wall units. Place and compact
hackfill soil behind drainage fill. Follow wall erection and drainage fill
closely with structure backiill.

E. Maximum stacked vertical height of wall units, prior to unit drainage fill
and backfill placement and compaction, shall not exceed two courses.

3.04 Structural Geogrid Installation

A. Geogrid shall be oriented with the highest strength axis perpendicular to
the wall alignment.

B. Geogrid reinforcement shall be placed at the strengths, lengths, and
elevations shown on the construction design drawings or as directed by
the Engineer.

C. The geogrid shall be laid horizontally on compacted backfill and attached
to the Keystone wall units. Place the next course of Keystone concrete
units over the geogrid. The geogrid shall be pulled taut, and anchored
prior to backfilf placement on the geogrid.

D. Geogrid reinforcements shall be continuous throughout their embedment
lengths and ptaced side-hy-side to provide 100% coverage at each level.
Spliced connections between shorter pieces of geogrid or gaps between
adjacent pieces of geogrid are not permitted.



3.05 Reinforced Backfill Placement

A. Beinforced backdill shall be placed, spread, and compacted in such a
manner that minimizes the development of slack in the geogrid and
installation damage.

B. Reinforced backfil! shall be placed and compacted in lifts not to exceed
6" {150 mmj where hand compaction is used, or § - 10" (200 to 250 mm)
where heavy compaction equipment is used. Lift thickness shall be
decreased to achieve the required density, as needed.

C. Reinforced backfill shall be compacted to a minimum of 95% Standard
Proctor density per ASTM D-698 or 92% Modified Proctor Density per
ASTM D1557. The moisture content of the backfill material prior to and
during compaction shall be uniformly distributed throughout each layer.

D. Only lightweight hand operated equipment shall be allowed within 3 feet
{1 m) from the tail of the Keystone concrate unit.

E. Tracked construction equipment shall not be operated directly upon the

geoqrid reinforcement. A minimum fill thickness of 8" {150 mm| is reguired

prior ta aperation of tracked vehicles over the geogrid. Tracked vehicle
turning should be kept to a minimum to prevent tracks from displacing the
fill and damagng the geegnd.

F. At the end of each day's operation, the Contractor shall slope the last lift
of reinforced backfill away from the wall units to direct runoff away from
wall face. The Contractor shall not allow surface runoff from adjacent
areas to enter the wall construction site.

3.06 Cap Installation

A. Cap units shall be glued to underlying units with an all-weather adhesive
recommanded by the manufacturer such as Keystone Kapseal.

3.07 As-built Construction Tolerances
A Vertical alignment: + 1.5" (40 mm} over any 10' (3 m) distance.
B. Wall Batter: within 2 degrees of design batter.

C. Horizontal alignment: £ 1.5" {40 mm} over any 10' {3 m} distance.
Corners, bends & gurves: + 1 fopt (300 mm) to theoretical location.

D. Maximum herizontal gap between erected units shafl be < 1/2* {13 mm).

3.08 Field Quality Control

A, Wall construction shall be monitored by a qualified Engineer to verify field
conditions. If this work is not performed by the site geotechnical engineer,
the geotechnical engineer shall be consulted in those matters pertaining
to soil conditions and wall performance.

B. The foundation soiis at each walii iocation shaii be inspecied by the
Engineer and any unsuitable soils or improperly compacted embankment
material removed and replaced as directed by the Engineer pior to
wall construction to provide adequate bearing capagity and minimize
settlement.

C. All wall excavation and retained soils shal! be inspected for groundwater
conditions and any additional drainage provisions required in the field
shall be incorporated into the wall construction as directed by the
Engineer.

D. Wall backfill material shall be tested and approved by the Engineer for
use in the reinforced soil zone meeting the minimum requirements of the
approved design plans.

E. Al soil backiill shall be tested by the Engineer for moisture, density,
and compaction penodically (every 2 verticaily, 100°-200° ¢/c) meeting
the minimum requirements of the approved design plans or project
specifications,

F Wall construction shall be pericdically inspected by the Engineer to
ensure the geogrid reinforcement elevations and lengths are installed in
accordance with the appraved design plans.

G. Afl wall elevations, grades, and bac'slope conditions shall be verified by
the Engineer in the field for conformance with the approved design plans.
Any revisions to the structure geometry or design criteria shall require
design modification prior to proceeding with construction.
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Keystone Specifications
Section 02834 {32 32 23)
MODULAR CONCRETE RETAINING WALL

GENERAL

1.01 Description

A,

Work shalil consist of furnishing and construction of a KEYSTONE Standard Unit
Retaining Wall System or equal in accordance with these specifications and in reasonably
close conformity with the lines, grades, design, and dimensions shown on the plans.

Work includes preparing foundation soil, furnishing and installing leveling pad, unit
drainage fill and backfill to the lines and grades shown on the construction drawings.

Work includes furnishing and installing geogrid soil reinforcement of the type, size,
location, and lengths designated on the construction drawings.

1.02 Related Sections

A

Section 02300 (31 00 00} - Earthwork

1.03 Reference Documents

A

Keystone Standard

American Society for Testing and Materials (ASTM)

ASTM C140 Sampling and Testing Concrete Masonry Units

ASTM C1372  Specification for Dry-Cast Segmental Retaining Wall Units
ASTM D422 Particle-Size Analysis of Soils

ASTM D698 Laboratory Compaction Characteristics of Soil -Standard Effort
ASTM D1557  Laboratory Compaction Characteristics of Soil -Modified Effort
ASTM D3034  Polyvinyl Chiloride Pipe (PVC)

ASTM D4318  Liguid Limit, Plastic Limit and Plasticity Index of Sails

ASTM D4475  Horizontal Shear Strength of Pultruded Reinforced Plastic Rods
ASTM D4476  Flexural Properties of Fiber Reinforced Pultruded Plastic Rods
10. ASTM D4595  Tensile Properties of Geotextiles - Wide Width Strip

11. ASTM D5262  Unconfined Tension Creep Behavior of Geosynthetics

12. ASTM D6818  Evaluate Installation Damage of Geosynthetics

13. ASTM D6637  Tensile Properties of Geogrids — Singie or Multi-Rib

14. ASTM D6638  Connection Strength - Reinforcement/Segmental Units

15. ASTM D6706  Geosynthetic Pullout Resistance in Soil

16. ASTM D8916  Shear Strength Between Segmental Concrete Units

OONOO RGN =

American Association of State Highway and Transportation Officials (AASHTO)
1. AASHTO M 252 Corrugated Polyethylene Drainage Pipe
Geosynthetic Research Institute (GRI)

1. GRI-GG4 Determination of Long Term Design Strength of Geogrids
2. GRI-GG5 Determination of Geegrid {soil) Pullout

National Concrete Masonry Association (NCMA)
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1. NCMA SRWU-1 Test Method for Determining Connection Strength of SRW
2. NCMA SRWU-2 Test Method for Determining Shear Strength of SRW

1.04 Submittals/Certification

A. Contractor shall submit a Manufacturer's certification, pricr to start of work, that the
retaining wall system components meet the requirements of this specification and the
structure design.

B. Contractor shall submit construction drawings and design calculations for the retaining
wall system prepared and stamped by a Professional Engineer registered in the state of
the project. The engineering designs, techniques, and material evaluations shall be in
accordance with the Manufacfurer's Design Manual, NCMA Design Guidelines For
Segmental Retaining Walls, or the AASHTO Standard Specifications for Highway Bridges
(whichever is applicable to designer).

C. Contractor shall submit a test report documenting strength of specific modular concrete
unit and geogrid reinforcement connection. The maximum design tensile load of the
geogrid shall be equal to the laboratory tested ultimate strength of geogrid / facing unit
connection at a maximum normal force limited by the "Hinge Height” of the structure
divided by a safety factor of 1.5. The connection strength evaluation shall be performed
in accordance with ASTM D6638 (NCMA SRWU-1).

1.05 Quality Assurance

A, Contractor shall submit certification, prior to start of work, that the retaining wall system
{modular concrete units and specific geogrid);

1) Has been successfully utilized on a minimum of five (5) similar projects, i.e.,
height, soil fill types, erection tolerances, etc.; and

2) Has been successfully installed on a minimum of 1 million (1,000,000) square
feet of retaining walls.

B. Contractor shall submit a list of five (5) previously constructed projects of similar size and
magnitude by the wall installer where the specific retaining wall system has been
constructed successfully. Contact names and telephone numbers shall be listed for each
project.

C. Contractor shall provide evidence that the design engineer has a minimum of five years of
documentable experience in the design for reinforced soil structures. The design
engineer shall provide proof of current professional liability insurance with an aggregate
coverage limit of not less than $2,000,000.

D. Owner shall/may provide soil testing and quality assurance inspection during earthwork
and wall construction operations. Contractor shall provide any quality control testing or
inspection not provided by the Owner. Owner's quality assurance program does not
relieve the contractor of responsibility for quality control and wall performance.

1.06 Delivery, Storage and Handling

A Contractor shall check all materials upon delivery to assure that the proper type, grade,
color, and certification has been received.
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PART 2:

Contractor shal protect all materials from damage due to jobsite conditions and in
accordance with manufacturer's recommendations. Damaged materials shall not be
incorporated into the work.

PRODUCTS

2.01 Definitions

A

Modular Unit - a concrete retaining wall element machine made from Portland cement,
water, and aggregates.

Structural Geogrid - a structural element formed by a regular network of integrally
connected tensile elements with apertures of sufficient size to aliow interlocking with
surrounding soil, rock, or earth and function primarily as reinforcement.

Unit Drainage Fill - drainage aggregate, which is placed within and immediately behind
the modular concrete units,

Reinforced Backfill - compacted soil, which is placed within the reinforced soil volume as
outlined on the plans.

2.02 Modular Concrete Retaining Wall Units

A

Keystone Standard

Modular concrete units shall conform to the following architectural requirements:

1. Face color - concrete gray, unless otherwise specified. The Owner may specify
standard manufacturers’ color.

2, Face finish - sculptured rock face in angular tri-planer configuration. Other face
finishes will not be allowed without written approval of Owner.

3. Bond configuration - running with bonds nominally located at midpoint vertically
adjacent units, in both straight and curved alignments.

4, Exposed surfaces of units shall be free of chips, cracks or other imperfections

when viewed from a distance of 10 feet under diffused lighting.

Modular concrete materials shaii conform to the requirements of ASTM C1372 - Standard
Specifications for Segmental Retaining Wall Units.

Modular concrete units shall conform to the following structural and geometric
requirements measured in accordance with ASTM C140 Sampling and Testing Concrete
Masonry Units:

1. Compressive strength: > 3000 psi (21 MPa);
. Absorption: 8 % (6% in northern states) for standard weight aggregates;
3. Dimensional tolerances: + 1/8" (3 mm) from nominal unit dimensions not
including rough split face, £1/16" (1.5 mm) unit height - top and bottom planes;
4, Unit size: 8" (203 mm) (H) x 18" (457 mm){W) x 18" (457 mm)(D) minimum;
5. Unit weight: 100 Ibs/unit (45 kg) minimum for standard weight aggregates.

Modular concrete units shail conform to the foliowing performance testing:

1. Inter -unit shear strength in accordance with ASTM D6916 (NCMA SRWU-2); 1500
plf (21 kN/m} minimum at 2 psi (13 MPa) normal pressure;
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2.03

2.04

2.05

2.06

Keystone Standard

2. Geogrid/unit peak connection strength in accordance with ASTM D6638 (NCMA
SRWU-1): 900 plf (13 kN/m) minimum at 2-psi {13 MPa) normal force.

E. Modular concrete units shall conform to the following constructability requirements:
1. Vertical setback: 1/8" (3 mm) % per course {near vertical) or 1" (25 mm) + per
course per the design;
2. Alignment and grid positioning mechanism - fiberglass pins, two per unit
minimum;
3. Maximum horizontal gap between erected units shall be < 1/2 inch (13 mm).
Shear Connectors
A, Shear connectors shall be 1/2-inch (12 mm) diameter thermoset isopthalic polyester
resin-pultruded fiberglass reinforcement rods or equivalent to provide connection between
vertically and horizontally adjacent units with the following requirements:
1. Flexural Strength in accordance with ASTM D4476: 128,000 psi (882 MPa)
2. Short Beam Shear in accordance with ASTM D4475: 6,400 psi (44 MPa)
minimum.
B. Shear connectors shall be capable of holding the geogrid in the proper design position

during grid pre-tensioning and backfilling.

Base Leveling Pad Material

A

Material shalf consist of a compacted crushed stone base or non-reinforced concrete as
shown on the construction drawings.

Unit Drainage Fill

A

Unit drainage fill shall consist of clean 17 (25 mm) minus crushed stone or crushed gravel
meeting the following gradation tested in accordance with ASTM D-422:

Sieve Size Percent Passing
1inch (25 mm) 100

3/4-inch (18 mm) 75-100

No. 4 0-10

No. 50 0-5

One cubic foot (0.028 m3), minimum, of drainage fill shall be used for each square foot
(0.093 m2) of wall face. Drainage fill shall be placed within cores of, between, and behind
units to meet this requirement.

Reinforced Backfill

A

Reinforced backfill shall be free of debris and meet the following gradation tested in
accordance with ASTM D-422;

Sieve Size Percent Passing
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2-inch (50 mm) 100

3/4-inch (19 mm) 100-75
No. 40 0-60
No. 200 0-35

Plasticity Index (Pl) <15 and Liquid Limit <40 per ASTM D-4318.

The maximum aggregate size shall be limited to 3/4 inch (19 mm) unless field tests have
been performed to evaluate potential strength reductions to the geogrid design due to
damage during construction.

Material can be site-excavated soils where the above requirements can be met.
Unsuitable soils for backfill (high plastic clays or organic soils} shall not be used in the
backfill or in the reinforced soil mass.

Contractor shall submit reinforced fill sample and laboratory test results to the
Architect/Engineer for approval prior to the use of any proposed reinforced fill material.

2.07 Geogrid Soil Reinforcement

A.

Keystone Standard

Geosynthetic reinforcement shall consist of geogrids manufactured specifically for soil
reinforcement applications and shall be manufactured from high tenacity polyaster yarn or
high-density polyethylene. Polyester geogrid shall be knitted from high tenacity polyester
filament yarn with a molecular weight exceeding 25,000 Meg/m and a carboxyl end group
values less than 30. Polyester geogrid shall be coated with an impregnated PVC coating
that resists peeling, cracking, and stripping.

Ta, Long Term Allowable Tensile Design Load, of the geogrid material shall be
determined as follows:

Ta = Tult/ (RFcr*RFA*RFid*FS)
Ta shall be evaluated based on a 75-year design life.

1. Tult, Short Term Uitimate Tensile Strength shall be determined in accordance
with ASTM D4595 or ASTM D6637.
Tult is based on the minimum average roll values (MARY).

2. RFcr, Reduction Factor for Long Term Tension Creep
RFcr shail be determined from 10,000-hour creep testing performed in
accordance with ASTM D5262. Reduction value = 1.45 minimum.

3. RFd, Reduction Factor for Durability
RFd shall be determined from polymer specific durability testing covering the
range of expected soil environments. RFd = 1.10 minimum.,

4, RFid, Reduction Factor for Installation Damage
RFid shall be determined from product specific construction damage testing
performed in accordance with ASTM D5818 (GRI-GG4). Test results shall be
provided for each product to be used with project specific or more severe soil
type. RFid = 1.08 minimum.

5, FS, Overall Design Factor of Safety
FS shall be 1.5 unless otherwise noted for the maximum allowable working stress
calculation.
Page 5 7MB6/2009



C. The maximum design tensile load of the geogrid shall not exceed the laboratory tested
ultimate strength of the geogrid/facing unit connection as limited by the “Hinge Height”
divided by a factor of safety of 1.5. The connection strength testing and computation
procedures shall be in accordance with ASTM D6638 Connection Strength between
Geosynthetic Reinforcement and Segmental Concrete Units (NCMA SRWU-1).

O. Soil Interaction Coefficient, Ci
Ci values shall be determined per ASTM D6706 (GRI:GG5) at a maximum 0.75-inch (19
mmy} displacement.

E. Manufacturing Quality Control
The geogrid manufacturer shall have a manufacturing quality control program that
includes QC testing by an independent laboratory.

The QC testing shall include:
Tensile Strength Testing
Melt Flow Index (HDPE)
Molecular Weight (Polyester)

2.08 Drainage Pipe
A. If required, the drainage pipe shall be perforated or slotted PVC pipe manufactured in
accordance with ASTM D-3034 or corrugated HDPE pipe manufactured in accordance
with AASHTQ M252,
2.09  Geotextile Filter Fabric

A When required, Geotextile filter fabric shall be 4.0 oz/sy, polypropylene, needlepunched
nonwoven fabric.

PART 3: EXECUTION
3.01 Excavation

A Contractor shall excavate fo the lines and grades shown on the construction drawings.
Owner's representative shall inspect the excavation and approve prior to placement of
leveling material or fill soils. Proof roll foundation area as directed to determine if
remedial work is required.

B. Over-excavation and replacement of unsuitable foundation soils and replacement with
approved compacfed fill will be compensated as agreed upon with the Owner.

3.02 Base Leveling Pad

A Leveling pad material shall be placed to the lines and grades shown on the construction
drawings, to a minimum thickness of 6 inches (150 mm) and extend laterally a minimum
of 8" (150 mm) in front and behind the modular wall unit.

B. Soil leveling pad materials shall be compacted to a minimum of 85 % Standard Proctor
density per ASTM D-698 or 92% Modified Proctor Density per ASTM D1557,
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C.

Leveling pad shali be prepared to insure full contact to the base surface of the concrete
uhits.

3.03 Modular Unit Installation

A

First course of units shall be placed on the leveling pad at the appropriate line and grade.
Alignment and level shall be checked in all directions and insure that all units are in full
contact with the base and properly seated.

Place the front of units side-by-side. Do not leave gaps between adjacent units. Layout
of corners and curves shall be in accordance with manufacturer's recommendations.

Install shear/connecting devices per manufacturer's recommendations.

Place and compact drainage fill within and behind wall units. Place and compact backfill
soil behind drainage fill. Follow wall erection and drainage fill closely with structure
backfill.

Maximum stacked vertical height of wal! units, prior to unit drainage fill and backfill
placement and compaction, shall not exceed two courses.

3.04  Structural Geogrid Installation

A,

Geogrid shall be oriented with the highest strength axis perpendicular to the wall
alignment.

Geogrid reinforcement shall be placed at the strengths, lengths, and elevations shown on
the construction design drawings or as directed by the Engineer.

The geogrid shall be laid horizontally on compacted backfill and attached to the modular
wall units. Place the next course of modular concrete units over the geogrid. The geogrid
shall be pulled taut, and anchored prior to backfill placement on the geogrid.

Geogrid reinforcements shall be continuous throughout their embedment lengths and
placed side-by-side to provide 100% coverage at each level. Spliced cennections
petween shorter pieces of geogrid or gaps between adjacent pieces of geogrid are not
permitted.

3.06 Reinforced Backfill Placement

A

Keystone Standard

Reinforced backfill shall be placed, spread, and compacted in such a manner that
minimizes the development of slack in the geogrid and installation damage.

Reinforced backfill shall be placed and compacted in lifts not to exceed 6 inches (150
mm) where hand compaction is used, or 8 - 10 inches (200 to 250 mm) where heavy
compaction equipment is used. Lift thickness shall be decreased to achieve the required
density as required.

Reinforced backfill shall be compacted to a minimum of 95 % Standard Proctor density
per ASTM D-698 or 92% Modified Proctor Density per ASTM D1557. The moisture
content of the backfill material prior to and during compaction shall be uniformly
distributed throughout each layer and shall be dry of optimum, + 0%, - 3%.

Page 7 7/16/2009



Only lightweight hand-operated equipment shall be allowed within 3 feet (1m) from the tail
of the modular concrete unit.

Tracked construction equipment shall not be operated directly upon the geogrid
reinforcement. A minimum fill thickness of 6 inches (150 mm) is required prior to
operation of fracked vehicles over the geogrid. Tracked vehicle turning should be kept to
a minimum fo prevent tracks from displacing the fili and damaging the geogrid.

Rubber tired equipment may pass over geogrid reinforcement at slow speeds, less than
10 MPH (15 KPH). Sudden braking and sharp turning shall be avoided.

At the end of each day's operation, the Contractor shall slope the last lift of reinforced
backfill away from the wall units to direct runoff away from wall face. The Contractor shalll
not allow surface runoff from adjacent areas to enter the wall construction site.

3.06 Cap Installation

A

Cap units shall be glued to underlying units with an all-weather adhesive recommended
by the manufacturer,

3.07 As-built Construction Tolerances

A
B.
C.

D.

Vertical alignment: £ 1.5" (40 mm) over any 10' (3 m) distance.
Wall Batter: within 2 degrees of design batter.

Horizontal alignment: + 1.5" (40 mm) over any 10' (3 m) distance.
Corners, bends & curves: % 1 ft (300 mm) to theoretical location.

Maximum horizontal gap between erected units shall be < 1/2 inch (13 mm).

3.08 Field Quality Control

A

PART 4:

Keystone Standard

Quality Assurance - The Owner shall/may engage inspection and testing services,
including independent laboratories, to provide quality assurance and testing services
during construction, This does not relieve the Contractor from securing the necessary
construction control testing.

Quality assurance should include foundation soil inspection. Verification of geotechnical
design parameters, and verification that the contractor's quality control testing is adequate
as a minimum. Quality assurance shall also include observation of construction for
general compliance with design drawings and project specifications. Quality assurance is
best performed by the site geotechnical engineer.

Quality Control - The Contractor shall engage inspection and testing services to perform
the minimum quality control testing described in the retaining wall design plans and
specifications. Only qualified and experienced technicians and engineers shall perform
testing and inspection services.

Quality control testing shall include soil and backfill testing to verify soil types and
compaction and verification that the retaining wall is being constructed in accordance with

the design plans and project specifications.

MEASUREMENT AND PAYMENT

Page 8 7/16/2009
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Installation: Step-by-Step

1. Site Examination / Permitting

Select the location and length for the retaining wall. Call
before you dig! Calling 811 before every digging job gets your
underground utility lines marked for free and helps prevent
undesired consequences. Digging without calling can disrupt
service 0 an cntire neighborhood, harm you and thaose around
you and potentially result in fines and repair costs.

Take the necessary measurements, prepare plans, rescarch
zoning requirements for your area and obtain proper building
permits for your project. Local permitting may require a soils
investigation and/or engineered documentation and drawings.

Knowwhat's helow.
. Gall nefore youdig.

2. Excavation / Embedment

Verify that the layout dimensions are correct and excavate ta
the lines and grades shown on the construction drawings or to
field dimensions. Remove all surface vegetation, organic soils
and debris; verify that the foundation subgrade is in proper
condition prior to leveling pad installation. Do not proceed with
installation until unsatisfactory conditicns have been corrected.

Embedment Recommendations

For small Keystone gravity walls, a minimum 1 inch (25mm) of

embedment is recommended for every unit of height fi.e., H/8)

or B Inches minimum, which ever is greater, For reinforced sail

Keystone walls, the minimum depth of embedment as a ratio to
| ok T 70y 77 | wall may be detcrmined in the following table from the NCMA

L . Eom iy o A A Design Manual for Segrental Walls (2009):

(3 FIGURE A:l

EMBEDMENT DEPTH,
L MIN ONE BURIED UNIT-.

i ~—— LEVEL GRADE

L— SLOPING GRADE S—— LEVELING PAD

KRW UNITS STEP P

The in*irmvwicn cor ined hersin b bean compile 352 Kegitone: Retaining 720 €3 +iems, Inc. and to th.: best o cur kne ledze , ctiura sl repus =nes the Key:one poduet ues [ the upplicatng - hici wre
G, Final ot monat o ed thy il 1 e s conlen. b sd by L manner e see e b e omeability of Ceowees Tucu Al endon oo anai s sl B peoriomed by 8 qualiisd snginaer.
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Iristallation: Step-by-Step

T e Nme
Minimum Requirement 0.5 ft {150mm) Project plans, specifications, and design codes may
Horizontal {walls) H/20 require minimum embedments that excecd the minimiums
Horizontal (Abutments) H/10 recommended by NCMA. {
3H:AV HA0
2H: TV H/7

Sloping Toe

The minimum embedment required with a slope in front of the wall shauld be based on the cstablishment of a minimum 4 feet
{1.2m) horizontal bench in front of the wall and establishing a minimum embedment from that point. Fill slopes usually have poor
compaction near the edge of slope and all slopes are subject to erosion and surficial instability (see ficure B:1).,

The depth of embedment should be increased whun any of the following Note:
conditions cecur: The required embedment depth for Keystone walls may
s Weak bearing soils bevurne a confruvensial isue. The fnfornaiional Building
*  Potential scour of wall toe Code (IBC) recommends a 1 foot minimum or below
*  Submerged wall applications prevailing frost depth, which ever is greater for foundations,
*  Significant shrink/swell/frost properties of foundation soils AASHTO recommends a 2 foot minimum or below

i prevailing frost dopth which ever is greater for retalning
structures. These minimurmn recornmended depths are based

on rigid foundation systems and are not totally applicable to

% FIGURE B:1 - SLOPING TOE

; i Hfexible systems, which function properly with significartly [_ 0

—_——— v — ., ! less ernbedment, The proper embedment depth is a function

Height, H 4' theoretical or of the structure size and type, the underlying soils, and

actual bench
i {above grade} - == - r! the site geometry, especially toe slopes. It is significantly
Design Finished Geosy thetic
Height grade poin relnfor ement mare important ta progerly inspect the foundation area
A T . when excavated, datermine the limits of removal and
EmTl;%tc?r%ent ¥ — replacernent of unsuitable materials, and then confirm the
T |' fina . .
Slope A g — nil cinbedment depth for scability und bearing given the
! g ~ i { site conditions,

Embedment Leveling pad

3. Prepare the Base Leveling Pad

Start the leveling pad at the lowest elevation along the wall
alignment (see Figure A:1). The minimum leveling pad width
shall be unit depth + 12 inches. The leveling pad shall consist of
6 inches of well compacted (95% Standard Proctor or greater)
angular granular fill (road base or % inch to % inch {10-20mm}
Base Leveling Pad crushed stane). Concrete is also acceptable to use as a leveling pad.
{Well-compacted =EiHy Step the leveling pad up in § inch increments at the appropriate
granuiar fiH) S elevation change in the foundation. Do not use rounded material,

ie. PEA GRAVEL or SAND for leveling pad material.

#

Tre ‘furmelen eoruined bevein baa Leen compile? by 1% e Retaining Y431 85 em, Ine. .0d 1o the best o cwr kv sledng, accurars: ¢ represcr the Ku, =" product 1= In the appli it 08 v 2hizh are
Wsitratd. Finud o dermi atica of the: uitaiilitg for he use eonten g and i's manps. of uo e the sl respor by &0t m user, SRS @ Geoin an ! senlcda shes b performed by s ol e iner,
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Installation: Step-by-Step

Place the first course of Keystone units (Compac II Units shown)
end to end (with face of wall carners touching, do not leave gaps
between units) on the prepared base. The pin holes should face
upward, as shown. Ensure that all units are in full contact with
the base and properly seated by gently pounding each block
corner, and level as required. At base elevation changes (see
Figure C:1) for installation reference. Leveling the first course is
critical for accurate and acceptable results. Lay out corners and
curves in accordance with the “"Corners and Curves” section of
this manual (p. 37).

LEVEL UNITS SIDE TO SIDE

. STEPPED BASE
COURSE 1-1/2

UNITS ON
SLOPING GRADF. b
' / WALL
J— b — ALTERNATE BETWEEN i
| & BATTER FRONT PIN HOLE POSITION E%giﬁg“m A
' ! BACK PIN HOLE AND BACK PIN HOLE POSITION
.  POSITION : .

T <l

PiN CONTACT

:{ngi-é KIDNEY o

codtrols . xoe @

BATTER ) Q ©
= -~ =~
[a] =] [=]
“h = KIDNEY T
= = sHapep =
o o RECTIVING &
= = HIHE =

=+ FIBERGLASS
CONNECTING
PIN

rems, i trd o - ber of our kneeledne, accuratals repte ¢ nts the ke, cone produ © use in the applicutions u hich e
s of WSS e T i 19 9pe by of "he Uaor, STruc uel deign oo d arabeis shell boorecformed by o quelifd erpseer

Tk informazian ¢ caineZ harain ber: be-1 compiles E, Key 2tone” Retaini
ety = Foad di aratiration af the sultsior far b e o nteriae 30 d oo
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instailation: Step-by-Step

5. Insert the Fiberglass Pins/Drainage Pipe

Keystone units have 3 setback options, near vertical, % inch
setback and 1 inch setback {see Figure D:1). For the near vertical
option, place the pins in the front pin holes, or for the 1 inch
minimum sethack, place the pins in the rear pin holes (see Figure
E:1). Onece placed, the pins create an autornatic setback and
alignment for the additional courses (see Figure F:1). When
required, install drainage pipe behind wall unit and outlet drain
to storm system or daylight as required.

6. Install Unit Drainage Fill/Backfill and Compaction.

Once the pins have been installed, provide %-% inch {10-20mm)
crushed stone unit drainage material to a minimum total distance
of 24 inch (610mm) from wall face. Fill all open spaces between
units and open cavities/cores with the same unit drainage
material. Place the wall backfill behind the unit drainage fill in
maximum 8 inch (200mm)} Iifts and compact to 95% Standard
Proctor Density or 92% Modified Proctor Density with the
appropriate compaction equipment, Use only hand operated
equipment within 3 feet of the retaining wall face.

& FIGURE E:1 - PIN INSTALLATION DIAGRAM

Fiberglass Pin —\ /— Back Pin Core - 1" Setback
£

Insert Fiberglass Ping -
into Pin Hole

~ Pin Connecting Core

- Front Pin Core - Near Vertical Setback

{9 FIGURE F:1 - CONNECTION DIAGRAM

- Pin Cennecting Core of Uppar Block

Coursa lo go Over Pin of Lowrr Block
Course cnd slide Forwzard ta Contact
Pin In Block below

Irdrainage is roquired due to excess water or the dosign angincar's plan. call for a drainage pipe to be instafled, add the drain til behind thr tails on the base
course. Diatnage pipe shuuld maintain positive dreinage to daylight, outlet the drainpipe at low point or cids of wall.

veww. keystonew alls,com
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Instailation: Step-by-Step

7. Install Additional Courses.

Remove all excess unit drainage material from the top surface of the
all units. Center the next unit in front of the point where the two units
below meet, fitting the pins into the pin connecting core of the above
unit. Push the units toward the face of the wall until they make full
contact with the pins (see Figure F:1). Check level front to back and
sidc to side, shim the units or grind as necessary. It is important to
check level front to back and side o side on every course to maintain
proper wall batter and alignment. Proper shimming materials can

be any non-degradable material including but not limited to, asphalt
shingles, scrap pieces of geogrid, polyester rope, etc...

Continue backtilling, installing additional units and checking level
to the desired top elevation {see Figure G:1). Follovs wall unit and
unit drainage fill installation closely with buckfill. Maximum stacked
vertical height of wall units prior to unit drainage fill and backfill
placement and compaction shall not exceed 2 courses, unless special
construction techriiques are employed to Insure complete filling

of all units with unit drainage fill. For gravity walls continue this
construction sequence to cornplete the wall, and proceed Lo Step 10.
For geogrid reinforced walls, continue with Step 8 and Step 9,

—
ir

= ) FIGURE G:1 - 3D CROSS SECTION WITHOUT REINFORCEMENT

Finished — .\
-
Grade el N
. B Ny
" e *
e o i)
P > 1“.;- P
- ..-‘ oy - B -l
P I ‘.,_,_,",,
R e o Uy
- iy
g .
5 -,
S om 5, S
S ] »
‘\ A

¥ Passive Soil Wedge
iy /Backﬁu

+>—— Excavation Limits

Retained-
Soil

Unit \:‘\ AL
Drainage\i_: ]

Fill ) \ %‘
Excavation -
Limits

12" Drainage Fill -

6" Crushed Rock or —
Unreinforced Concrete
Leveling Pad

: L R
SIS

\— Compac Il Unit Face
3-Plane Split Face Shown

Fiberglass Pins
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installation: Step-by-Step

8. Structural Geogrid Installation
Gragrid i= to b placed on lavel
baclfill and witend aver tho
fib-rglass pins, Plice next unit,

| Pull grid taut and backfill, Stake
| a2 requirad.

Start at the lowest wall elevation where a geogrid layer will be
placed. The geogrid elevations, depths, and strength will be specified
in the engineered design for the wall.* Measure and cut the geogrid
material to the specified length. Orlent geogrid with highest strength
axis perpendicular to the wall alignment. Lay geogrid horizontally
on compacted backfill and hook over the pins of the units (see Figure
H:1). In general, geogrid will be placed in picces side-by-side with

no gapping, and in a continucus layer along the length of design
geogrid elevation, unless a change in elevation is specificd in the
design. Tension the geogrid by pulling it towards the embankment.
Place a stake through the end of the geogrid inte the ground to hold
it taut and in place. Do not excessively tension geogrid: this may pull
units out of proper alignment, Install an additional course of units
over the geogrid and insert pins.

9, Reinforced Backfill Placement

Proceed with placement of the unit drainage fill and the backfill

in the reinforced zone. Specifications for the material to be used as
backfill in the reinforced zone should be defined in the engineercd
plans. Place this material nearest to the units, moving progressively
toward the staked end of the geogrid. This procedure will keep the
geogrid under tension. Compact the reinforced fill material to 95%
Standard Proctor Density (ASTM D698), or 9295 Modified Proctor
Density (ASTM D1557) or to the compaction requircments in the
engineered plans, Install additional courses as described in step

7, until the next reinforcement elevation. Repeat Step 8 and Step

9 (see Figure G:1.1, page 18). Only hand operated compaction
equipment shall be allowed within 3 feet of the back surface of the
units. At the end of each day’s operation, grade the backfill away
from the wall and direct runoff away from the wall face.

&3 FIGURE H:1 - SETBACK OPTIONS WITH REINFORCEMENT
Fiberglass Pinin - Fiborgtass Finin -
Back Pin Core Front Pin Core
Back Pin Core Front Pln Core - "
= -l 1= 172 Setback , ™ - 1/
Geogrid - - \ | | Guogrid ] Setback
i : |
I
ol
: i
. r
Tl
1l |
i |
(i )
1L
For assistance in obtainin: wngineered drawings for vour profect, please contact your local Keystone representative.
www.kiystoncwalls.com Kevitone Construction Manual 17



Installation: Step-by-Step

Finished

e

() FIGURE G:1.1 - 3D CROSS SECTION WITH REINFORCEMENT
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Installation: Step-dby-Step

10. Capping the Wall

Follow the same procedures described in Step 6 for proper
placement and positioning of the cap units. Complete your wall
with the appropriate Keystone capping units. These units are
available in a variety of sizes and shapes, including 4 inch (100mm)
and 8 inch (200mm) high units. Availability of these units will vary
by region. For cap unit descriptions and placement variations see
the section, “Wall Finishing”, page 65 of this manual. Sweep the
lower units clean and make sure they are dry. Use construction
adhesive (Keystone KapScal™) on the top surface of the last course
before applying cap units (see Figure LI).

11, Finished Grade and Landscaping

The Keystone Retaining wall is now complete, Final grading,
planting or other surface material can now be put into place.
Typically an 8 inch thick layer of low permeable soil is installed
as the final layer of material, This is to help prevent water
infiliration to the retained or reinforced zone of the retaining
wall. Remember that finished grade conditions affect the wall's
performance. Such conditions should not be altered from the
original design, Loading with slopes, parking lots and buildings
should be maintained as designed. Any changes to the top of wall
finished grade must be evaluated prior to wall completion (see
Figures J:1-L:1 for typical cross section details).*

Note:

See Additional Construction Detuatls “Planting Guidelines” for detuils

on proper planting tnstallations for a Keystone retaining wall. Also See
Additional Construction Ditails for other types of top of wall treatment details.

| Block Unit Satbacks Below

W—- - Place Cap Unft on Adhesive and
.-’ﬁ:, Posdtion Cap Unlt to match

Cap Unit Secured wilth Keystone
K pSual Adhcuive to \
Tep Course

"I |" — 1" Cap Setback
sl el deesth

: |1|H

|| | T - - Do Not Plaza Fibrglass Pins
in Last Block Courzw

I

l il

iy

s

Note:

Capping optione vary by manufacturer
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Cormpleted Gravity Wall Section

() FIGURE J:1 - (GRAVITY WALL) CROSS SECTION

8" Min. Low Permeable Soit ~Keystone Cap Unit
A \ Keystone Compac [l Unit

vl bt b iy ey
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o

Unit Drainage Fil ,E)
(3/4" Crushed §
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Approximate Limits = ‘:_":E""E S . o
of Excavation -Unreinforced Concrete or

4" Perforated PVC Drainage Tile - ATt s, LnEig et
Wrapped in Filter Fabric

(If Required) Foundation Soil

VLR
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Th# informazion cantained he oin Fus bewn complied by Faye'en o Rezalning Voall Sy +ms, it . ard to €& ueet o cur kneelads:, ancuestely mpn o 1ts tn: g tona produ. | uge In the applicatizas v.iith ae
o rates Fired dvisrailr.vdion af the =uitbility for the use contemplased =03 s mernee e o0 w50 feoponibeig 0F hee User S Lorsl #2540 o J 8Nalysls shei Be i foriesd b a qualified ernes

20 Keystone Conatruction Manuat www, keystoriewalls.com



Completed Reinfoiced Wall Sections

&) FIGURE K:1 - (REINFORCED WALL)NEAR VERTICAL SETBACK

8" Min. Low Permeable Soil

/ Keystone Cap Unit

\ —— Keystone Compac Ii
Unit
Unit Drainage Fill
(3/4" Crushed b
Rock or Stone) D
I
Approximate - % 1/8" .%
Limits of \ . 2
Excavation 8
Retained Soil Finished Grade
4" Perforated PVC —= : ———
Drainage Tile : e,
=1
Note: Unreinforced Concrete

When site conditions recuire, wrap drainage
tile in 3/4" aggregate and filter fabric with

or Crushed Stone

Foundation Scil Leveling Pad

drainage composite or aggregate back drain =
system, as directed by geotechnical engineer.
(s FIGURE L:1 - (REINFORCED WALL) 1" SETBACK
8" Min. Low Permeable Sail - - Keystone Cap Unit I
: s
\Y /80 \ '
\ ’ | = - Keystone Compac Il g
- W 1] Unit 2
11=—— Unit Drainage Fil
(3/4" Crushed r
Rock or Stone) =
. T
/-‘ " c
Approximate . 1 2
Limits of @l _LE T e =
Excavation ’ I 8
Retained Sail i --Finished Grade
4" Perforated PVC £l
| ——

Drainage Tile

Note:

- Unreinforced Concrete

When site conditions require, wrap drainage
tile In 3/4" aggregate and filter fabric with
drainage composite or aggregate back drain

system, as directed by geotechnical engineer.

or Crushed Stone

Foundation Scil Leveling Pad
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National Concrete Masonry Association

Project Identification

Project ID
Project Name
Owner

Client
Prepared By
Company
Address
Telephone
Section
Project File
Vendor Data File
Date and Time

SRWall (Version 4} Report

: Senior Project
: MSE wal design
: Heath

2 3.pri
: Synteen 011012.vdf
: 04/29/2015 15:29:36

Page 1 of 6

Trial Version
Type of Structure : Reinforced Wall
Trial Version
Wall Geometry
Design Wall Height(ft) 1 2.67
Embedment Wall Height(ft) :1.00
Exposed Wall Design Height(ft) : 1.67
Number of Segmental Wall Units : 4
Wall Inclination(degrees) 1 7.97
---—---Trial Version
Grades
Top Siope(degrees) : 0.00
Trial Version
Uniform Distributed Surcharge
Live Load Surcharge(Psf) :0.00
Dead Load Surcharge(Psf) 1 0.00
Trial Version

file:///C./Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html

5/1/2015



National Concrete Masonry Association

Soil Data

Page 2 of 6

Segmental Unit Data

. Friction
Soil Zone Description C“"fs:;)“ © | Angle(d) U“('t)‘("e:?ht
P {degrees) YAPC
Reinforced Soil N/A 34.00 92,40
Retalned Soil N/A 34.00 92.40
Leveling Pad Soil N/A 0.00 105.89
Foundation Soil 1040.00 0.05 105.89
Trial Version
Segmentai Unit Name : Standard21 Unit - 8.0 Degree Batter
Cap Height (Inches} 1 4.00
Unit Height (Hu)(Inches) : 8.00
Unit Width (Wu){Inches) : 21.00
Unit Length (Inches) : 18.00
Setback {Inches) 1112
Weight (infilled)(lb) : 210.00
Unit Weight {Infilled}{pcf) : 120,00
Center of Gravity(Inches) : 10.50
Trial Version
Geosynthetic Reinforcement Type and Number
Supplier Product Name Number
Synteen SF110 1]
Synteen SF35 ¢
Synteen SF55 0
Synteen SF80 3
----------------- Trial Version
5/1/2015

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html



National Concrete Masonry Association Page 3 of 6
Geosynthetic Properties
. Tult . LTDS .
Geosynthetic Product (Ibift) RFer RFd RFid (Ibift) Ci Cds
SF110 10250.00 | 4 &7 1.10 1.40 |4239.39 | o0.90 0.90
SF356 3435.00 1.54 1.10 1.63 1244.02 0.90 0.90
SF&55 4670.00 1.54 1.10 1.66 1778.87 0.90 0.90
SF80 7400.00 1.65 1.10 1.50 2893.45 0.90 0.90
Trial Version
Unit-Unit Interface Properties
Minimum Shear Shear Friction Maximum Shear
Capacity(Ib/ft) Angle Capacity (Ib/ft)
2427.00 17.40 5586.00
Trial Version

Geosynthetic-SRW Unit Connection Strength properties

Minimum 1st Inflection Point (Ib/ft) 2nd inflection Point (Ib/ft)
. Conn. :
Geosynthetic Product : Connection Max
Yy Capacity Nor;?:;ﬂlsoad Capacity Norr{:\:;ﬂlioad Connection
(Ib/ft) (Ib/ft) Capacity(Ib/ft)
SF110 3885.00 7720.00 5455.65 8000.00 5455.65
SF35 1741.00 4080.00 1741.00 6000.00 1741.00
SF55 2925.00 §100.00 2925.00 6000.00 2925.00
SF80 3244.00 6120.00 3244.00 8000.00 3244.00
Trial Version -
Geosynthetic-SRW Unit Shear Strength properties
Geosynthetic Minimum Shear Friction Maximum
Product Shear Angle Shear
Capacity{Ib/t) Capacity {Ib/ft)
SF110 1550.00 17.40 4709.00
SF35 1550.00 17.40 4709.00
SF&5 1550.00 17.40 4709.00
SF80 1550.00 17.40 4709.00
Trial Version
Vertical Components
Veriical Componenis of Earth Pressures Used : No
Trial Version
file://C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



National Concrete Masonry Association

Cofficients of Earth Pressure and Failure Plane Orientation

Reinforcement Soil(Static)(Ka)
Reinforcement Soil(Static)(Kah Horizontal Component)
Internal Modified Back Slope(Bint)

Orientation of failure plane from horizontal(degrees) for
Internal Stability

Retained Soil(Static)(Ka)
Retained Soil(Static)(Kah Herizontal Component)
External Modified Back Slope(Bext)

Orientation of failure plane from horizontal{degrees) for
External Stability

1 0.202
: 0,195
: 0.000

: 55.303

: 0,202
:0.182
: 0.000

: 54.202

Page 4 of 6

Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html
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National Concrete Masonry Association

Result of External Stability Static Analysis

Page 5 of 6

Calculated Design Criteria
FOS Sliding 69.87 >1.50
FOS Overturning 39.84 >2.00
FOS Bearing Capacity 22,18 > 3.00
Base Reinforcement Length (L)(ft) 4.00
Base Reinforcement Ratio (L/H) 1.50 > 0.60
Trial Version
Results of Internal Stability Static Analysis
Layer
SRW . Anchor FOS FOS FOS .
Unit Ge;?x:’\tt::tetlc Elerfat;:lon Le(r;tg)th Length | Overstress | Puilout | Slide Sp(afl:)mg
# (ft) >=1.50 >=1.,50 | >=1.50 5= 67
4 SF80 200 | 400 | 115 | 31969 | 946 45081 ok
3 SF80 133 | 400 | 152 | 18076 |1420 |12074| ok
2 SF80 0.67 4.00 1.88 74,02 10.77 |57.91 OK
Trial Version
Results of Facing Stability Static Analysis
FOS
%T:r :ﬁ;‘ Geosynthetic | Crest Conflggtion
# () Product T:Erlér{;g »21.50
2.00 SF80 137.49 358.42
1.33 SF80 202.66
0.67 SF80 82.99
------------------------ - Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html]
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National Concrete Masonry Association

Wall Reinforcement Layout
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SFOC

Trial Version

Project Identification

Project ID
Project Name
Owner

Client
Prepared By
Company
Address
Telephone
Section
Vendor Data File
Project File
Date and Time

file:///C:/Program¥%20Files%20(x86)/NCMA/SR Wall%204.0/Report.html

: Senior Project
: MSE wal design
: Heath

: Synteen 01101 2.vdf
: 3.prj
: 04/29/2015 15:29:36

5/1/2015



National Concrete Masonry Association

SRWall {Version 4) Report

Page 1 of 6

Project Identification
Project ID : Senior Project
Project Name : MSE wal design
Owner : Heath
Client :
Prepared By
Company
Address
Telephone
Section :
Project File : 3.8.pnj
Vendor Data File : Synteen 011012.vdf
Date and Time : 04/29/2015 15:29:36
Trial VerSion-m-s e e e
Type of Structure : Reinforced Wall
Trial Version
Wall Geometry
Design Wall Height(ft) $3.33
Embedment Wall Height(ft) :1.00

Exposed Wall Design Height{ft) :2.33
Number of Segmental Wall Units : 5
Wall Inclination(degrees)

Top Slope(degrees)

Uniform Distributed Surcharge

Live Load Surcharge(Psf)
Dead Load Surcharge(Psf)

-—----—--1 rial Version

1 7.97

—mmee=T Fial Version

: 0.00

:0.00
:0.00

Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html

5/1/2015



National Concrete Masonry Association

Soil Data

Page 2 of 6

Segmental Unit Data

. Friction . .
. Cohesicn (¢} Unit Weight
Soil Zone Description Angle(®)
{psf} (degrees) (rKpef)
Reinforced Soil N/A 34.00 92,40
Retained Soil N/A 34.00 92,40
Leveling Pad Soil N/A 0.00 105.89
Foundation Soil 1040.00 0.05 105.89
i S e reereeer—-— - | (1A Version
Segmental Unit Name : Standard21 Unit - 8.0 Degree Batter
Cap Height {Inches) : 4,00
Unit Height (Hu)(Inches) : 8.00
Unit Width (Wu){Inches) :21.00
Unit Length (Inches) :18.60
Setback (Inches) :1.12
Weight (Infilled)(Ib) : 210.00
Unit Weight (Infilled){pcf) :120.00
Center of Gravity{Inches) : 10.50
Trial Version
Geosynthetic Reinforcement Type and Number
Supplier Product Name Number
Synteen SF110 0
Synteen SF38 0
Synteen SF55 0
Synteen SF80 3
Trial Version
file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



National Concrete Masonry Association Page 3 of 6
Geosynthetic Properties
. Tuit . LTDS
Geosynthetic Product (Ibift) RFer RFd RFid (Ib/ft) Ci Cds
SF110 10250.00 | 4 £, 1.10 140 |4239.39 | 0.0 0.90
SF35 3435.00 1.54 110 1.63 1244.02 0.90 0.90
SF55 4670.00 1.54 1.10 1.55 1778.57 0.90 0.90
SF80 7400.00 1.55 1.10 1.50 2893.45 0.90 0.90
Trial Version

Unit-Unit Interface Properties

Minimum Shear Shear Friction Maximum Shear
Capacity(lb/ft) Angle Capacity {Ib/ft}
2427.00 17.40 5586.00

Trial Version

Geosynthetic-SRW Unit Connection Strength properties

Minimum 1st Inflection Point (Ib/ft) 2nd Inflection Point (Ib/ft)
Conn.
Geosynthetic Product . Connection Max
v Capacity Nor'(?: ’Iﬁlioad Capacity Non(‘:;’lf;oad Connection
(Ibift) (Ibfft) Capacity(Ib/ft)
SF110 3885.00 7720.00 5455.65 8000.00 5455.65
SF35 1741.00 4080.00 1741.00 6000.00 1741.00
SF56 2925.00 5§100.00 2925.00 6000.00 2925.00
SF80 3244.00 6120.00 3244.00 8000.00 3244.00
Trial Version
Geosynthetic-SRW Unit Shear Strength properties
Geosynthetic Minimum Shear Friction Maximum
Product Shear Angle Shear
Capacity{lb/ft) Capacity (lb/ft)
SF110 1550.00 17.40 4709.00
SF36 1650.00 17.40 4709.00
SF55 1550.00 17.40 4709.00
SF80 1550.00 17.40 4709.00
Trial Version
Vertical Components
Vertical Components of Earth Pressures Used : No
Trial Version
file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



National Concrete Masonry Association

Cofficients of Earth Pressure and Failure Plane Orientation

Reinforcement Soil(Static)(Ka)
Reinforcement Soil(Static)(Kah Horizontal Compaonent)
Internal Modified Back Slope(Bint)

Orientation of failure plane from horizontal{degrees) for
Internal Stability

Retained Soil{Static}(Ka)
Retained Soil{Static)(Kah Horizontal Component)
External Modified Back Slope(Bext)

Orientation of failure plane from horizontal{degrees) for
External Stability

:0.202
10,195
: 0.000

: 55.303

1 0.202
1 0.182
: 0.000

: 54.202

Page 4 of 6

Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html
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National Concrete Masonry Association Page 5 of 6

Result of External Stability Static Analysis

Calculated Design Criteria
FOS Sliding 47.18 >1.50
FOS Overturning 28.87 > 2.00
FOS Bearing Capacity 17.75 > 3.00
Base Reinforcement Length (L){ft) 4.22
Base Reinforcement Ratio (L/H) 1.27 > 0.60
I RV VOO, Trial Version

Results of Internal Stability Static Analysis

Layer
SRW . Anchor FOS FOS FOS .
Unit G";‘:ggﬁt‘t’"" E'er;:w" ""(":tg)t" Length | Overstress | Pullout | Siide s”:‘f‘t’)'"g
# (ft) >=1.60 |>=1.50 |>=1.50|  _, s
5 SF80 267 | 422 | 100 | 18042 | 464 |45740| ok

SF80 133 | 422 | 174 | 8748 |11.79 |58.30 | OK
2 SF80 0.67 | 422 | 210 | 56.60 |1227 |3525 | OK

' Trial Version

Results of Facing Stability Static Analysis

o | et coosyntntic | cret |, PS5,
# ft) Product T:g{lél(\)g >=1.50
2.67 SF80 138.84 202.28
1.33 SF80 98.08
0.67 SF80 63.46
Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



National Concrete Masonry Association Page 6 of 6

Wall Reinforcement Layout
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Trial Version
Project Identification
Project ID : Senior Project
Project Name : MSE wal design
Owner : Heath
Client :
Prepared By
Company
Address
Telephone
Section :
Vandor Data File : Synteen 011012.vdf
Project File : 3.8.prj
Date and Time : 04/29/2015 15:29:36

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



National Concrete Masonry Association

Project Identification

SRWall (Version 4) Report

Page 1 of 6

Project (D : Senior Project
Project Name : MSE wal design
Owner : Heath
Client :
Prepared By
Company
Address
Telephone
Section :
Project File :4.4.prj
Vendor Data File : Synteen 01101 2.vdf
Pate and Time : 04/29/2015 15:29:36
Trial Version
Type of Structure : Reinforced Wall
Trial Version
Wall Geometry
Design Wall Height(ft) : 4.00
Embedment Wall Height(ft) :1.00
Exposed Wall Design Height(ft) : 3.00
Number of Segmental Wall Units : 6
Wall Inclination(degrees) 1 7.97
—————-Trial Version
Grades
Top Slope(degrees) :0.00
Trial Version
Uniform Distributed Surcharge
Live Load Surcharge(Psf) : 0.00
Dead Load Surcharge{Psf) : 0.00
Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SR Wall%204.0/Report.html

5/1/2015



Sail Data

Segmental Unit Data

National Concrete Masonry Association Page 2 of 6
. Friction . "
. . Cohesion (c) Unit Weight
Soil Zone Description Angle(d)
(psf) (degrees) (ipcf)
Reinforced Soil N/A 34.00 92.40
Retained Soil N/A 34.00 92.40
Leveling Pad Soil N/A 0.00 105.89
Foundation Soil 1040.00 0.05 105.8%
Trial Version-—— e s
Segmental Unit Name : Standard21 Unit - 8.0 Degree Batter
Cap Height {Inches) : 4.00
Unit Height (Hu}(Inches) :8.00
Unit Width (Wu){Inches} : 21.00
Unit Length (inches) :18.00
Setback (Inches) :1.12
Weight (Infilled)(lb) :210.00
Unit Weight (Infilled){pcf) : 120.00
Center of Gravity{Inches) :10.50
Trial Version
Geosynthetic Reinforcement Type and Number
Supplier Product Name Number
Synteen SF110 0
Synteen SF35 0
Synteen SF&5 1]
Synteen SF80 4
Trial Version
file:///C:/Program%20Files%20(x86)/NCMA/SR Wall%204.0/Report.html 5/1/2015



National Concrete Masonry Association Page 3 of 6
Geosynthetic Properties
. Tult LTDS . )
Geosynthetic Product (Ib/ft) RFcr RFd RFid (Ibsft) Ci Cds
SF110 10250.00 | 4 7 1.10 1.40 | 423939 | 0.90 0.90
SF35 3435.00 1.54 1.10 1.63 1244.02 0.90 0.90
SF5&5 4670.00 1.54 1.10 1.55 1778.57 0.90 0.90
SF80 7400.00 1.66 1.10 1.50 2893.45 0.90 0.90
Trial Version
Unit-Unit Interface Properties
Minimum Shear Shear Friction Maximum Shear
Capacity(Ib/ft) Angle Capacity (lb/ft)
2427.00 17.40 5586.00
Trial Version

Geosynthetic-SRW Unit Connection Strength properties

Minimum 1st Inflection Point (Ibift) 2nd Inflection Point (Ib/ft)
. Ceonn. :
Geosynthetic Product Connection Max
y Capacity Norr(lllg;ftl;oad Capacity Nor;ll'l:’IﬂL)oad Connection
(Ib/ft) (Ib/ft) Capacity{Ib/ft)
SF110 3885.00 7720.00 5455.65 8000.00 5455.65
SF35 1741.00 4080.00 1741.00 6000.00 1741.00
SF55 2925.00 5100.00 2925.00 6000.00 2925.00
SF80 3244.00 6120.00 3244.00 8000.00 3244.00
Trial Version
Geosynthetic-SRW Unit Shear Strength properties
Geosynthetic Minimum Shear Friction Maximum
Product Shear Angle Shear
Capacity(Ib/ft) Capacity {Ib/ft)
SF110 1550.00 17.40 4709.00
SF35 1550.00 17.40 4709.00
SF55 1550.00 17.40 4709.00
SF80 1550.00 17.40 4709.00
Trial Version
Vertical Components
Vertical Components of Earth Pressures Used :No
Trial Version
file:///C:/Program%20Files%20(x86)/NCMA/SRWall%6204.0/Report.html 5/1/2015



National Concrete Masonry Association Page 4 of 6

Cofficients of Earth Pressure and Failure Plane Orientation

Reainforcement Soil(Static)(Ka} 1 0.202
Reinforcement Soil(Static)(Kah Horizontal Component)  : 0.195
Internal Modified Back Slope(Bint) : 0.000

Orientation of failure plane from horizontal(degrees) for . o 303
Internal Stability 09

Retained Soil{Static)(Ka) 1 0.202
Retained Soil(Static)(Kah Horizontal Component) : 0.182
External Modified Back Slope(Bext) : 0.000

Orientation of failure plane from horizontal(degrees) for 54.202
External Stability i

Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



National Concrete Masonry Association Page 5 of 6
Result of External Stability Static Analysis
Calculated Design Criteria
FOS Sliding 35.64 > 1.50
FOS Overturning 24.01 >2.00
FOS Bearing Capacity 14.79 >3.00
Base Reinforcement Length (L){ft) 4.59
Base Reinforcement Ratio (L/H) 1.15 > 0.60
Trial Version
Results of Internal Stability Static Analysis
Layer
SRW . . Anchor FOS FOS FOS
Unit Gegfg(r‘l;t::tlc Ele‘(ﬁ;w" Le(';tth Length | Overstress | Pullout | Slide Sp?ftt:)lng
# (f) >=1.50 | >=1.50 |>=1.50| , "%
6 SF80 333 | as0 | 100 | 17097 | 488 |24 ok
SF80 2.00 4.69 1.74 87.40 11.76 |[59.71 OK
SF80 1.33 4.59 2.1 90.41 19.70 |36.03 OK
2 SF80 0.67 4.59 247 45.82 14.61 |[24.76 OK
i - Trial Version
Results of Facing Stability Static Analysis
FOS
S et ogmymnetc| st |5, 703,
# | () roquet  [ToPPeed| >=150
6 3.33 SF80 136.17 201.78
4 2.00 SF80 97.99
3 1.33 SF80 101.36
2 0.67 SF80 51.37
Trial Version
file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



National Concrete Masonry Association

Wall Reinforcement Layout

Page 6 of 6
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Trial Version
Project Identification
Project ID : Senior Project
Project Name : MSE wal design
Owner : Heath
Client :
Prepared By
Company
Address
Telephone
Section i
Vendor Data Fiie : Synteen 01101Z.vdf
Project File : 4.4.prj
Date and Time : 04/29/2015 15:29:36
5/1/2015

file:///C:/Program%20Files%20(x86)/NCMA/SR Wall%204.0/Report.html



Project Identification

Project 1D
Project Name
Owner

Client
Prepared By
Company
Address
Telephone
Section
Project File
Vendor Data File
Date and Time

National Concrete Masonry Association

SRWall {Version 4) Report

: Senior Project
: MSE wal design
: Heath

: 5.prj
: Synteen 011012.vdf
: 04/29/2015 15:29:36

Page 1 of 6

Trial Version
Type of Structure : Reinforced Wall
Trial Version
Wall Geometry
Design Wall Height(ft) : 4.67
Embedment Wall Height(ff) :1.00

Exposed Wall Design Height(ft) : 3.67
Number of Segmental Wall Units : 7

Wall inclination(degrees) 1 7.97
Trial Version
Grades
Top Slope(degrees) : 0.00
e e e T [T@] VETSION

Uniform Distributed Surcharge

Live Load Surcharge(Psf) : 0.00
Dead Load Surcharge(Psf) : 0.00
Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html

5/1/2015



Soil Data

Segmental Unit Data

National Concrete Masonry Association Page 2 of 6
Soil Zone Description Cofyesloni(c) :::Itei?dr:) Unit Weight
(psf) (degrees) ()(pcf)
Reinforced Soil N/A 34.00 92.40
Retained Soil N/A 34.00 92.40
Leveling Pad Soil N/A 0.00 105.89
Foundation Solil 1040.00 0.05 105.89
Trial Version
Segmental Unit Name : Standard21 Unit - 8.0 Degree Batter
Cap Height (Inches) : 4.00
Unit Height (Hu)(Inches) : 8.00
Unit Width (Wu)(Inches) 121.00
Unit Length {inches) :18.00
Setback (Inches) :1.12
Weight (Infilled){Ib) 1 210.00
Unit Weight (Infilled){pcf) :120.00
Center of Gravity({Inches) :10.50
Trial Version
Geosynthetic Reinforcement Type and Number
Supplier Product Name Number
Synteen SF110 0
Synteen SF35 0
Synteen SF&6 0
Synteen SF80 4
S —————————————————— 1 | IRV T Y T o U S U ————
file:///C:/Program%20Files%20(x86)/NCMA/SRWall%:204.0/Report.html 5/1/2015



Unit-Unit Interface Properties

National Concrete Masonry Association Page 3 of 6
Geosynthetic Properties
. Tult LTDS .
Geosynthetic Product (Ibit) RFcr RFd RFid (ib/ft) Ci Cds
SF110 1025000 | 4 57 1.10 140 | 423939 | 0.0 0.90
SF35 3435.00 1.54 1,10 1.63 124402 0.90 0.90
SF55 4670.00 1.54 1.10 1.55 1778.57 0.90 0.90
SF80 7400.00 1.85 1.10 1.50 2893.45 0.90 0.90
Trial Version

Minimum Shear Shear Friction Maximum Shear
Capacity(Ib/ft) Angle Capacity (Ib/ft)
2427.00 17.40 5586.00
Trial Version

Geosynthetic-SRW Unit Connection Strength properties

Minimum 1st Inflection Point {Ib/ft) 2nd Inflection Point (Ib/ft)
. Conn. :
Geosynthetic Product . Connection Max
y Capacity Nor :T:}ftlioad Capacity Nor?:gllftl;oad Connection
(Ib/ft) (Ib/it) Capacity(Ib/ft)
SF110 3885.00 7720.00 5455.65 8000.00 5455.65
SF35 1741.00 4080.00 1741.00 6000.00 1741.00
SF565 2925.00 5100.00 2925.00 6000.00 2925.00
SF80 3244.00 €120.00 3244.00 8000.00 3244.00
Trial Version
Geosynthetic-SRW Unit Shear Strength properties
Geosynthetic Mg‘;::’rm Shear Friction Mas)ﬂ;r::'m
Product | apacity(Ib/ft) Angle | capacity (Ibift)
SF110 1550.00 17.40 4709.00
SF3s 1550.00 17.40 4709.00
SF55 1550.00 17.40 4709.00
SF80 1550.00 17.40 4709.00
Trial Version
Vertical Components
Verticai Components of Earth Pressures Used i No
Trial Version
file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



National Concrete Masonry Association

Cofficients of Earth Pressure and Failure Plane Orientation

Reinforcement Soil{Static)(Ka)
Reinforcement Soil(Static)(Kah Horizontal Component)
Internal Modified Back Slope(Bint}

Orientation of failure plane from horizontal(degrees) for
Internal Stability

Retained Soii(Static)(Ka)
Retained Soil{Static)(Kah Horizontal Component)
External Modified Back Slope(Bext)

Orientation of failure plane from horizontal(degrees) for
External Stability

:0.202
:0.195
: 0.000

: §5.303

: 0.202
10182
: 0.000

: 54,202

Page 4 of 6

Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html
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National Concrete Masonry Association

Result of External Stability Static Analysis

Calculated Design Criteria
FOS Sliding 30.40 »1.50
FOS Overturning 23.86 >2.00
FOS Bearing Capacity 12.68 > 3.00
Base Reinforcement Length {L)(ft) 5.33
Base Reinforcement Ratio (L/H) 1.14 > 0.60
Trial Version
Results of Internal Stability Static Analysis
Layer
SRW . Anchor FOS FOS FOS .
Unit Geg:g:;l:tlc Ele‘(’;;ion Le(ri:tg)th Length | Overstress | Pullout | Slide SP?f:)m
# {ft) >=1,50 >=1.50 | >=1.50 >=2 67
7 SF80 400 | 533 | 137 | 18087 | &a1 46418 ok
] SF80 2.67 5.33 211 60.09 9.79 62.37 OK
SF80 1.33 5.33 2.85 50.65 18.64 |[26.16 OK
2 SFB0 0.67 533 3.21 38.49 19156 |[19.58 OK
Trial Version
Results of Facing Stability Static Analysis
FOS
?J‘:‘:r :ﬁ:\: Geosynthetic Cresft Confggtion
# |y | Product Toppiing| ™seq50
7 4.00 SF80 137.49 202.79
5 2.67 SF80 67.37
3 1.33 SFa0 56.78
2 0.67 SF380 43.15
Trial Version

Page 5 of 6
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National Concrete Masonry Association

Wall Reinforcement Layout
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Trial Version

Project Identification

Project ID
Project Name
Owner

Client
Prepared By
Company
Address
Telephone
Section
Vendor Data File
Project File
Date and Time

: Senior Project
: MSE wal design
: Heath

: Synteen 011012.vdf
: B.prj
: 04/29/2015 15:29:36

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html
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National Concrete Masonry Association

Project identification

SRWall (Version 4) Report

Page 1 of 6

Project ID : Senior Project
Project Name : MSE wal design
Owner : Heath
Client :
Prepared By
Company
Address
Telephone
Section :
Project File :5.8.prj
Vendor Data File : Synteen 011012.vdf
Date and Time : 04/29/2015 15:29:36
Trial Version
Type of Structure : Reinforced Wall
Trial Version
Wall Geometry
Design Wall Height(ft) :5.33
Embedment Wall Height(ft) :1.00
Exposed Wall Design Height(ff) :4.33
Number of Segmental Wall Units : 8
Wall Inclination(degrees) :7.97
Trial Version
Grades
Top Slope(degrees) :0.00
Trial Version
Uniform Distributed Surcharge
Live Load Surcharge(Psf) :0.00
Dead Load Surcharge(Psf) : 0.00
Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html
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National Concrete Masonry Association

Page 2 of 6

Soil Data
. Friction . .
Soil Zone Description °°hfs;‘f’)" © | Angle(d) U"('t):”ﬁ'f?ht
P (degrees) TP
Reinforced Soll N/A 34.00 92.40
Retained Soll N/A 34.00 92.40
Leveling Pad Soif N/A 0.00 105.89
Foundation Soil 1040.00 0.05 105.89
Trial Version--—-------————-—-— e
Segmental Unit Data
Segmental Unit Name : Standard21 Unit - 8.0 Degree Batier
Cap Height (Inches) : 4.00
Unit Height (Hu}Inches) : 8.00
Unit Width (Wu){Inches) 121,00
Unit Length (inches) : 16.00
Setback (Inches) 1112
Weight (Infilled){Ib) :210.00
Unit Weight (Infilled){pcf) :120.00
Center of Gravity(Inches) : 10.50
Trial Version
Geosynthetic Reinforcement Type and Number
Supplier Product Name Number
Synteen SF110 0
Synteen SF35 1]
Synteen SF55 ]
Synteen SF80 5
Trial Version
file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report. html 5/1/2015



Geosynthetic Properties

National Concrete Masonry Association

Page 3 of 6

" Tuit . LTDS .
Geosynthetic Product (Ib/ft) RFcr RFd RFid (Ib/ft) Ci Cds
SF110 1025000 | 4 ; 1.10 1.40 | 423939 | 0.0 0.90
SF35 3435.00 1.54 1.10 1.63 1244.02 0.90 0.90
SF68 4670.00 1.54 1.10 1.55 1778.57 0.90 0.90
SF80 7400.00 1.56 1.10 1.50 2893.45 0.90 0.90
Trial Version
Unit-Unit Interface Properties
Minimum Shear Shear Friction Maximum Shear
Capacity(Ib/ft) Angle Capacity (Ib/ft)
2427.00 17.40 5686.00
Trial Version

Geosynthetic-SRW Unit Connection Strength'progerties

Minimum 1st Inflection Point (Ib/ft) 2nd Inflection Point (Ib/ft)
Conn, .
Geosynthetic Product . Connection Max
Y Capacity Nor?ll;flft I;oad Capacity Nor;rll;’lﬂ Iioad Connection
(Ib/ft) {Ib/t) Capacity(Ib/ft)
SF110 3885.00 7720.00 5455.65 8000.00 5455.65
SF35 1741.00 4080.00 1741.00 6000.00 1741.00
SF55 2925.00 5100.00 2925.00 6000.00 2925.00
SF80 3244.00 6120.00 3244.00 8000.00 3244.00
Trial Version
Geosynthetic-SRW Unit Shear Strength properties
Geosynthetic Misn’::::-m Shear Friction Mas’:,:g::_m
Product | & apacity(ibift) Angle | capacity (Ibift)
SF110 1550.00 17.40 4709.00
SF35 1550.00 17.40 4709.00
SF55 1550.00 17.40 4709.00
SF80 1550.00 17.40 4709.00
Trial Version
Vertical Components
Vertical Components of Earth Pressures Used :No
Trial Version
file:///C:/Program%20Files%20(x86)/NCMA/SR Wall%204.0/Report. html 5/1/2015



National Concrete Masonry Association

Cofficients of Earth Pressure and Failure Plane Orientation

Reinforcement Soil(Static}{Ka)
Reinforcement Scil(Static)(Kah Horizontal Component)
Internal Modified Back Slope(Bint)

Orientation of failure plane from horizontal(degrees) for
Internal Stability

Retained Soil(Static)(Ka)
Retained Soil(Static)(Kah Horizontal Component)
External Modified Back Slope(Bext)

Orientation of failure plane from horizontal(degrees) for
External Stability

: 0.202
:0.195
: 0.000

: 55.303

:0.202
:0.182
: 0.000

1 54,202

Page 4 of 6

Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report. html

5/1/2015



National Concrete Masonry Association

Result of External Stability Static Analysis

Page 5 of 6

Calculated Design Criterla
FOS Sliding 23.28 > 1.60
FOS Overturning 18.55 >2.00
FOS Bearing Capacity 11.09 >3.00
Base Reinforcement Length (L){ft) 5.33
Base Reinforcement Ratio (L/H) 1.00 > 0.60
Trial Version
Results of Internal Stability Static Analysis
Layer
SRW . . Anchor FOS FOS FOS N
Unit G";ﬁg’ nihetic E'e‘(’:t';”" Le(’;g“‘ Length | Overstress | Pullout | Slide S"?f':)'“g
# {ft) >=1.50 >=1.50 | >=1.50 >=2 67
8 SF80 467 | 533 | 100 | 18042 | a4 |46861| ok
6 SF80 3.33 5.33 1.74 60.04 8.12 62.01 OK
4 SF80 2.00 5.33 248 50.62 16.19 |26.21 OK
3 SF80 1.33 5.33 2.85 60.28 26.62 |19.50 OK
2 SF80 0.67 5.33 3.21 33.18 19.26 |15.34 oK
Trial Version
Results of Facing Stability Static Analysis
FOS
sum E:ﬁ Gegggg&l&itic T:reﬁ't‘ COIIFI'ggtIOI'I
# | () PR o’ | >=1-50
8 4.67 SF80 138.84 202.28
6 3.33 SF80 67.32
4 2.00 SF80 56.75
3 1.33 SF80 67.58
2 0.67 SF380 37.20
B e T ey ' -1 VLY 41 Ta T3 AL LITTERTL SR

file:///C:/Program®Z20Files%20(x86)NCMA/SRWall%204.0/Report.html
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Trial Version

Project Identification

Project ID
Project Name
Owner

Client
Prepared By
Company
Address
Telephone
Section
Vendor Data File
Project File
Date and Time

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html

: Senior Project
: MSE wal design
: Heath

: Synteen 011012.vdf
: 6.8.prj
: 04/29/2015 15:29:36
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National Concrete Masonry Association

Project Identification

Project ID
Project Name
Owner

Client
Prepared By
Company
Address
Telephone
Section
Project File
Vendor Data File
Date and Time

SRWall (Version 4) Report

: Senior Project
: MSE wal design
: Heath

: 6.4.prj
: Synteen 011012.vdf
: 04/29/2015 15:29:36

Page 1 of 6

Trial Version
Type of Structure : Reinforced Wall
Trial Version
Wall Geometry
Design Wall Height(ft) 1 6.00
Embedment Wall Height(ft} :1.00
Exposed Wall Design Height(ft} : 5.00
Number of Segmental Wall Units : ¢
Wall Inclination(degrees) 1 7.97
e Trial Version
Grades
Top Slope(degrees) : 0.00
Trial Version
Uniform Distributed Surcharge
Live Load Surcharge(Psf) : 0.00
Dead Load Surcharge(Psf) :0.00
Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SR Wall%204.0/Report.html

5/1/2015



National Concrete Masonry Association Page 2 of 6
Soil Data
. Friction
. A Cohesion (c}) Unit Welght
Soil Zone Description Angle{D)
(psf) (degrees) {1)(pcf)
Reinforced Soll N/A 34.00 92.40
Retained Soil N/A 34.00 92.40
Leveling Pad Soil N/A 0.00 105.89
Foundation Soil 1040.00 0.056 105.89
Trial Version
Segmental Unit Data
Segmental Unit Name : Standard21 Unit - 8.0 Degree Batter
Cap Height (Inches) : 4.00
Unit Height (Hu)}(inches) : 8.00
Unit Width (Wu){Inches) : 21.00
Unit Length (inches) :18.00
Setback (Inches) 1112
Weight (Infilled)(Ib) :210.00
Unit Weight (Infilled)(pcf) :120.00
Center of Gravity(Inches) :10.50
----- Trial Version
Geosynthetic Reinforcement Type and Number
Supplier Product Name Number
Synteen SF110 0
Synteen SF35 o
Synteen SF55 0
Synteen SF80 5
Trial Version-— s smme o e e
file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



Unit-Unit Interface Properties

National Concrete Masonry Association Page 3 of 6
Geosynthetic Properties
Tult . LTDS .
Geosynthetic Product (Ibift) RFcr RFd RFid (Ib/ft) Ci Cds
SF110 10250.00 | , - 1.10 140 |423939 | 0.90 0.90
SF35 3435.00 1.54 1.10 1.63 1244.02 0.90 0.90
SF55 4670.00 1.54 1.10 1,55 1778.57 0.90 0.90
SF80 7400.00 1.56 1.10 1.50 2893.45 0.90 0.90
Trial Version

Minimum Shear Shear Friction Maximum Shear
Capacity(Ib/ft) Angle Capacity (Ib/ft)
2427.00 17.40 5586.00
Trial Version

Geosynthetic-SRW Unit Connection Strength properties

Minlmum 1st Inflection Point (Ib/ft) 2nd Inflection Point {Ib/ft)
. Conn. :
Geosynthetic Product . Connection Max
Y Capacity | NoratLoad | “gapacity | NemenLoad | connection
(Ib/ft) (Ib/ft)y Capacity(lb/ft)
SF110 3885.00 7720.00 54565.65 8000.00 5455.65
SF35 1741.00 4080.00 1741.00 6000.00 1741.00
SF55 2925.00 §100.00 2925.00 6000.00 2925.00
SF80 3244.00 6120.00 3244.00 8000.00 3244.00
Trial Version
Geosynthetic-SRW Unit Shear Strength properties
R Minimum o Maximum
Geosynthetic Shear Friction
Product Shear Angle Shear
Capacity(ib/ft) Capacity (Ib/ft)
SF110 1550.00 17.40 4709.00
SF35 1650.00 17.40 4709.00
SF55 1550.00 17.40 4709.00
SF80 1550.00 17.40 4709.00
Trial Version
Vertical Components
Vertical Components of Earth Pressures Used :No
Trial Version
file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



National Concrete Masonry Association

Cofficients of Earth Pressure and Failure Plane Orientation

Reinforcement Soil(Static)(Ka)
Reinforcement Soil(Static)(Kah Horizontal Component)
Internal Modified Back Slope(Bint)

Orientation of failure plane from horizontal(degrees) for
Internal Stability

Retained Soil(Static)(Ka)
Retained Soil(Static)(Kah Horizontal Component)
External Modified Back Slope(Bext)

Orientation of failure plane from horizontal{degrees) for
External Stability

:0.202
: 0.195
: 0.000

; 55.303

:0.202
1 0.182
: 0.000

: 54.202

Page 4 of 6

Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.htmi

5/1/2015



National Concrete Masonry Association Page 5 of 6
Result of External Stability Static Analysis
Calculated Design Criferia
FOS Sliding 19.67 >1.50
FOS Overturning 16.89 >2.00
FOS Bearing Capacity 9.86 > 3.00
Base Reinforcement Length (L){ft) 5.70
Base Reinforcement Ratio (L/H) 0.95 > 0.60
Trial Version
Results of Internal Stability Static Analysis
Layer
SRwW . Ancher FOS FOS FOS
Unit Gegfggﬁt‘t’"“ E"’:’;}’“ Le(';gth Length | Overstress | Pullout| Slide s"(af‘t’;“g
# {ft) >=1.50 | >=1.80 |>=1.60| s
9 SF80 533 | 570 | 1.01 | 17997 | a70 |48350| ok
7 SF80 4.00 5.70 1.74 60.29 8.14 |63.43 OK
5 SF80 2.67 5.70 2.48 36.05 11.52 | 26.99 OK
3 SF80 1.33 5.70 3.22 35.64 20.75 |15.83 oK
2 SF80 0.67 5.70 3.58 29.16 21,57 |[12.95 OK
Tl W OISO == mmmmmm e m e e e e e e e e et
Results of Facing Stability Static Analysis
FOS
Unit | Elov | Gecsynthetic | _Crest | connlCy
# | () SPPe)|  >=1.50
9 [5.33 SF80 136.17 201.78
7 |4.00 SF80 67.60
5 |267 SF80 40.42
3 [1.33 SF80 39.96
2 |o0.67 S$F30 32.69
Trial Version
file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015
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Trial Version

Project Identification

Project ID
Project Name
Owner

Client
Prepared By
Company
Address
Telephone
Section
Vendor Data File
Project File
Date and Time

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html

: Senior Project
: MSE wal design
: Heath

: Synteen 011012.vdf
: 6.4.prj
: 04/29/2015 15:29:36

5/1/2015



National Concrete Masonry Association

Project Identification

SRWall (Version 4) Report

Page 1 of 7

Project ID : Senior Project
Project Name : MSE wal design
Owner : Heath
Client :
Prepared By
Company
Address
Telephone
Section :
Project File 1 7.prj
Vendor Data File : Synteen 011012.vdf
Date and Time : 04/29/2015 15:29:36
Trial Version
Type of Structure : Reinforced Wall
Trial Version
Wail Geomet
Design Wall Height(ft) : 6.67
Embedment Wall Height(ft) :1.00
Exposed Wall Design Height(ft) :5.67
Number of Segmental Wall Units : 10
Wall Inclination{degrees) 1 7.97
Trial Version
Grades
Top Slope(degrees) :0.00
Trial Version
Uniform Distributed Surcharge
Live Load Surcharge(Psf) :0.00
Dead Load Surcharge(Psf) :0.00
Trial Version

file:///C./Program%20Files%20(x86)/NCMA/SRWall%204.0/Report. htm!

5/1/2015



National Concrete Masonry Association Page 2 of 7
Soil Data
Cohesion (c) | [ 1°HOD | it weight
Soil Zone Description (psh) Angle(d) )pch
P (degrees) THR
Reinforced Soil N/A 34.00 92.40
Retained Soil N/A 34.00 92.40
Leveling Pad Soil N/A 0.00 105.89
Foundation Soil 1040.00 0.05 105.89
Trial Version
Segmental Unit Data
Segmental Unit Name : Standard21 Unit - 8.0 Degree Batter
Cap Height (Inches) :4.00
Unit Height (Hu)(Inches) : 8.00
Unit Width (Wu){Inches) : 21.00
Unit Length {Inches) : 18.00
Setback (Inches) 1112
Weight (infilled){Ib) : 210.00
Unit Weight (Infilled)(pcf) : 120.00
Center of Gravity(Inches) :10.50
Trial Version
Geosynthetic Reinforcement Type and Number
Supplier Product Name Number
Synteen SF110
Synteen SF35
Synteen SF55
Synteen §F80
TTIAl VerSiOn-—=——rrmm et ot o e e e e e e
file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



National Concrete Masonry Association Page 3 of 7

Geosynthetic Properties

Tult . LTDS .
Geosynthetic Product (Ibfft) RFcr RFd RFid (Ib/ft) Ci Cds

SF110 10250.00 | 4 57 1.10 1.40 |423939 | o090 0.90

SF35 3435.00 1.54 110 1.63 1244.02 0.90 0.90

S5F55 4670.00 1.54 110 1.65 1778.57 0.90 0.90

SF80 7400.00 1.55 1.10 1.50 2893.45 0.90 0.90
Trial Version

Unit-Unit Interface Properties
Minimum Shear Shear Friction Maximum Shear
Capacity(lb/ft) Angle Capacity (Ib/ft)
2427.00 17.40 5586.00
Trial Version
Geosynthetic-SRW Unit Connection Strength properties
Minimum 1st Inflection Point (Ib/ft) 2nd Inflection Point (Ib/ft)
Conn. :
Geosynthetic Product . Connection Max
Y Capacity Nor?::}ﬂlioad Capacity Norr(?:[lftl.).oad Connection

(Ib/ft) (Ib/ft) Capacity(Ib/ft)

SF110 3885.00 7720.00 5455.65 8000.00 5455.65

8SF35 1741.00 4080.00 1741.00 6000.00 1741.00

SF55 2925.00 5100.00 2925.00 6000.00 2925.00

SF80 3244.00 6120.00 3244.00 8000.00 3244.00
Trial Version e e s

Geosynthetic-SRW Unit Shear Strength properties

Geosynthetic Minimum Shear Friction Maximum
Product Shear Angle Shear
Capacity(lbit) Capacity (Ib/ft)
SF110 1550.00 17.40 4709.00
SF35 1550.00 17.40 4709.00
SF55 1550.00 17.40 4709.00
SF80 1550.00 17.40 4709.00
Trial Version
Vertical Components
Verical Components of Earth Pressures Used :Ne
Trial Version e

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015



National Concrete Masonry Association

Cofficients of Earth Pressure and Failure Plane Orientation

Reinforcement Soil(Static)(Ka)
Reinforcement Soil(Static)(Kah Horizontal Component)
Internal Modified Back Slope(Bint)

Orientation of failure plane from horizontal(degrees) for
Internal Stability

Retained Soii(Static){(Ka)
Retained Soil(Static)(Kah Horizontal Component)
External Modified Back Slope(Bext)

Orientation of failure plane from horizontal(degrees) for
External Stability

:0.202
: 0195
: 0.000

: 55.303

:0.202
:0.182
: 0.000

: 54.202

Page 4 of 7

Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html
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National Concrete Masonry Association Page 5 of 7
Result of External Stability Static Analysis
Calculated Design Criteria
FOS Sliding 16.94 >1.50
FOS Overturning 15.57 > 2,00
FOS Bearing Capacity 8.87 >3.00
Base Reinforcement Length (L){ft) 6.06
Base Reinforcement Ratio (L/H) 0.91 > 0.60
Trial Version:
Results of Internal Stability Static Analysis
Layer
SRW . Anchor FOS FOS FOS .
Unit | Geosynthetic E'e‘(’f":)“"“ """(';g‘“ Length | Overstress | Pullout | Slide s";“f':)'“g
# {ft) >=1.60 [ >=1.50 [>=1.50| o,
10 SF80 6.00 | 606 | 100 | 18087 | aes |47151| ok
8 SF80 4.67 6.06 1.73 60.09 8.05 64.82 OK
6 SF80 3.33 8.06 247 36.02 1152 |27.63 0K
4 SF80 2.00 6.06 3.21 35.63 20.66 (16.37 oK
3 SF80 1.33 6.06 3.58 45.21 33.45 |13.38 OK
2 SF80 0.67 6.06 3.94 26.01 23.82 |11.27 QK
Trial Version
file:///C:/Program%?20Files%20(x86)/NCMA/SRWall%204.0/Report.htm! 5/1/2015



National Concrete Masonry Association

Results of Facing Stability Static Analysis

SV | Beel | Geosynthetic Cront FOS
;"t E(I;)V Product Toppling COS:EEt(;on
»>=1.50
10 |6.00 SF80 137.49 202.79
8 |4.67 SF80 67.37
8 |3.33 SF8o 40.40
4 [2.00 SF80 39.84
3 1.33 SFg0 50.69
2 |0.67 SF80 29.16
Trial Version

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html
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National Concrete Masonry Association Page 7 of 7

Wall Reinforcement Layout
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Trial Version

Project Identification

Project ID : Senior Project
Project Name : MSE wal design
Owner : Heath

Client !

Prepared By

Company

Address

Telephone

Section :

Vendor Data File : Synteen 011012.vdf
Project File : 7.prj

Date and Time : 04/29/2015 15:29:36

file:///C:/Program%20Files%20(x86)/NCMA/SRWall%204.0/Report.html 5/1/2015
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Boav N T

w l TH TinTS

UOF medy LD
Unconfined compression test ™ evertioo)

O Co it oA A

Analyst name: T LiEv BLade {pdlD

Testdate: ozjre{iS
Sample description: B, <¢i . 2% - 24 JNCHeS  pepTH .
(e.g., Boring No., Sample No., Sample Depth) o a V.5 H>
InitialMass= 14,23 g i eS| s49

initial height ho = |, 5¢14%  in Y Loggp 1,974, IR (%
Initial diameterds = { . 32 in i
Mass of wet sample and tare M; = 2% $S g Tare#__ 7 (| !

Mass of dry sample andtare My =  + . 94 g
Mass oftare M;= —{4¢—2Z g iy 17

Specific gravity G, = o
Displacement (inches) Force (Ibs)
(Refer to computer data file) {Refer to computer data file)

Sketch of sample before testing Sketch of sample after testing

Calculate: y= Ibft®

Vg = ibrit® ASTM D2166



Unconfined compression test

Analyst name: "I 1E-.

(oLoR  BROWN A

VRANWUY - & D
Paroeis

Test date:

02f20/15

Sample description:

BlAZ, 55 2L,

2‘-”“'

(e.g., Boring No., Sample No., Sample Depth)

- Initiat Mass =

4.3

g

Initial height hg = +y$85%6in 5 47,5, 314 ,$. 372

Initial diameterdg = 1,4 5%

in 1,852 .92 1,834

Mass of wet sample andtare Mi= 2,¢ o ) g Tare#:
Mass of dry sample and tare My = 23 . &S g
Mass of tare M= (" L4 9
Specific gravity G, =
. bAsgo o (4.5 RATM
Displacement (inches) Force (Ibs) g =1 <Sh, km‘;;f. 63HLS
(Refer to computer data file) (Refer to computer data file) Jhuw =3 12C
Sketch of sample before testing Sketch of sample after testing
MUTES %
- gampLE  ALREADA HAS

B

. W
FAWLIRE PLAMEE) ~ D7

ST ®!
"\ GAMPLE HT wieo #AVE T

DE Leas w10 A RATIY

-3.262,3.3%5, 3.5
Pver K, of TESTED
SAMPLE = 4, %1 F

- Load @ %N

Calculate: y=_%%.9% e
ye=_49. A3 oM

ASTM D2166



Unconfined compression test

g - -
in LSV o & 8

Analyst name: 1 #HE
Test date: @ Zf20f15
Sample description: T %, S5, 48 24" - 30"
(e.g., Boring No., Sample No., Sample Depth)
Initiat Mass = 2%, 55
Initial heighthg= ¢ o2
Initial diameterdy = 1, ¥ ¢
Mass of wet sample andtare M= 23 22
Mass of dry sample and tare My = 9. . Y
Mass of tare M= &1, 47
Specific gravity G =
Displacement {inches) Force {Ibs)
(Refer to computer data file) (Refer to computer data file)

Sketch of sample before testing
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Unconfined compression test
Analyst name: GE[EV
Test date: OLfrofis
Sample description:  .gp<~ BHS, S84, (P 0S¥~
{e.g., Boring No., Sample No., Sample Depth)
Initial Mass = ; <, 414 g ~
Initial heightho = £} 2060 in % S1d,4. “f"h >. “f’
Initial diameterdo = },s)  in 1520, L SSH 2 HY

Mass of wet sample andtare My = 25, 42 g Tare# L ZY %
Mass of dry sample and tare My = 2.2 44 g

Mass of tare M,= 1. 43 g
Specific gravity Gg=
Displacement {inches) Force (Ibs)
(Refer to computer data file) {Refer to computer data file)

NOTE *
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THE UNIVERSITY OF TENNESSEE
- Department of Civil and Environmental Engineering
Geotechnical Engineering L.aboratory

Atterberg Limits
Project: Job Location:
Boring No. & h Sample No. 22 5
Description of Soil: ﬁ \
Tested by: SWTT BAE Date: O?-'/ 2/7‘*/ ;ST
i [
, Liquid Limit Determination
| Determination No. 1 2 a3 4 5_
Tare No. 1170 1172 L7205 L3
Mass of Wet Soll + Tare Jo S, 5. ‘374, 15 -4'?—:’2, J5_ 4o, {423
Mass of Dry Soil + Tare " lia. 09 1i%ed 1is. st |2 /4
Mass of Water | HE i ¥ (.S i
Mass of Tare G, | 43065 | 4 47, 198 | 9325,
Mass of Dry Soil Tl o468 e h2 A % K8
Water Content (%) 3%.03%] 4a2.%%| 385U | 3o . 33,
L No. of BI (24411 Z8h | 14 b 24 | 79 L0
/ . ;l\ :
40 v 'B 1 'Jw'iar‘
............................. el .@.- A I i
. - M/\)D»{_
S s e o
25
- e e i
g 20
e R
N IS S I S
10 100
No. of Blows, N
Plastic Limit Determination
Determination No. 1 2 _ 3 4
Tare No. L7104 27 o L 0%
Mass of Wet Solil + Tare IT.54e, | Z0.34 15. 134 J2.59,
| Mass of Dry Soil + Tare 1. 45 14.4¢ 14,575 /2,08
Mass of Water 0.4 0.9 0.6 4§ 6.5
Mass of Tare Q.43 15459 [|l.0 4., T F-,
Mass of Dry Soil 242 ai 3.5/ 2.63% ) wad 7
| Water Content % (PL) 2 STl 21,05% | 14,330 14,057 | s T2



THE UNIVERSITY OF TENNESSEE

Atterberg Limits

Department of Civil and Environmental Engineering
Geotechnical Engineering Laboratory

Project: Job Location:
Boring No. ﬁ_ = Sample No. B3
Description of Soll: (53 )
Tested by: M) cae (L Hl‘ms Date: Fel> 27,704
Liquid Limit Determination
Determination No. 1 2 3 4 5
Tare No. L 197 Az L19F 8 LI R
Mass of Wet Soll + Tare [ by I, Y& 18.97 28l | 1448 |a—anisTARS
Mass of Dry Soil + Tare [H.024 23,59 (. 2] 7 2. (4 4.6 & .
Mass of Water _ ot -F.b 2.6 2.4F | ~p 4
Mass of Tare g.y0 4,33 7.39 Q.38 Gtier 4,40 —
Mass of Dry Soil S M Pofa] 4 L.¥1L] 1526 | 5 @
Water Content (%) o (AT 3% SLoU| 22490 | 2 o8 | 20%e
LNo. of Blows J1 3% 28 i 7 q1
e T— X -7 X
40
| NS B N N N e
N U N N
2
R N R
.
Q e
£ *
. —
s S M
10 100
No. of Biows, N
Ptastic Limit Determination
Determlr_nation No. 1 2 a 4
Tare No. L2247 & /97 | crgs
Mass of Wet Soil + Tare 10,25 13.21 € lo.BY 10.67
Mass of Dry Soil + Tare iU.<2 13.02 10. 62 fo. 48
Mass of Water 0.1?% 0414 0 RS O, i
| Mass of Tare Q.44 HEAGR, Gt 9,38
Mass of Dry Soil {04 NK /L [
Water Content % (PL) 21,3l i ATl|  Z0.X3% | 444
o > 14 24FS
gumttle

Miunua ™



THE UNIVERSITY OF TENNESSEE
Department of Civil and Environmental Engineering
Geotechnical Engineering Laboratory

Atterberg Limits

Avi

'I'?”u -

Project: Job Location:
Boring No. 2= A Sample No. 2= .
Description of Soii; :
Tested by: TRIEV Date: (2 _/;wL //4 (s’ )
Liquid Limit Determination
Determination No. 1 2 3 4 5_ |
Tare No. B 29 L200 D2 Hs L1492
Mass of Wet Soll + Tare A3 624 [$ Oy | [0 5y | A2 7Ny % 3%y I-S"-"’Lfg
Mass of Dry Soil + Tare 720.20 | [l 468 | 21 ST /o @7 | 1497
Mess of Water _ L g . +7% LE 2.24 |1 L. 7
Mass of Tare iS5 . 21y | 9.4% | ISy [/, 20g] 1 %g(”
Mass of Dry Soil cat | e .Y 6.4 $2% | 4.5t
| Water Content (%) 24 A% 28] 357230 35 s3] 3e. abv%e I 2% e
No. of Blows Arui| Fesg| KE U 20 2F 25—/
40 [
= | I PO . __________
o e o
E ......................................................
£5
Q e Y
gzn
e e o
e R
10 100
No. of Blows, N
Ptastic Limit Determination
Determination No. 1 2 3 4
Tare No, Bi/s Pd- | DIQ Akl
Mass of Wet Soil + Tare [ 4.4 | 1T mf'l 1.094| 2. “Ty
| Mass of Dry Soil + Tare Ex A dAITrndmm Yb‘_'x‘
| Mass of Water J.SF 0.4 o5 058
Mass of Tare (.49l | ]S 3% 1§ ‘(‘y‘ T31c
[MassofDrySoll 2.4 2,60 © % .0) .58
Water Content % (PL 2% .55 35 8% X151 2a.357
KEPT Fovd Ve LA-’Z:rE Preces o
SWNG y O]Lfﬁ‘;v{a
K\“’r = % ' 2 9_’-9_%‘(-0



THE UNIVERSITY OF TENNESSEE
Department of Civil and Environmental Engineering
Geotechnical Engineering Laboratory

Atterberg Limits
Project:__ 205 ED «eeanw A Job Location: CLEVECAAD, T )
Boring No. - él{ Z Sample No ~Q— 2
Description of Soil:_ -7 P 2vwry pixEd ) wome peacH 13
Testedby:  TRIEV Date: @_2/.2‘1«'//5‘
Liguid Limit Determination
Determination No. 1 2 3 i 4 5
Tare No. xcarsasd Ry w2 WY I g4
Mass of Wet Soll + Tare 205%q | 21144 My |1t dey | 19,08y
| Mass of Dry Soil + Tare (F-6ty | K 06y | je.§F | 15.5%q [ 100y
Mass of Water 2.492 2,04 2.%% 2,38 | 2 g7
Mass of Tare 4.4 4 M, 4 2y .20 U 26g | 4 23Yy
Mass of Dry Soil &, - (6‘@:’( .6 ! b.d 2 6.1
Water Content (%) 3561 5 eS| 41, 35% | 36 00%] 44037,
No. of Blows T4 (, A %% 29 !¢
¥ Vd e
J f s
_ agw DRy sémrLe .
* ve 11 AT
E.ao o a0t 87
=
|- SSS———— . N - _
AT AS — TRwT /592/
gm TALS soll w7 =
................................................. 28 35
15 5 7
S R
10 100
No. of Blows, N
Plastic Limit Determination r
Determination No. 1 /] 2 3 4
Tare No, 7S Y ¢! ¢l Lz2db ¢ %
Mass of Wet Soil + Tare 2% %5641/ | F D¢y 1965 | [1.00 1§ S
| Mass of Dry Soil + Tare as A2\ | (7.0 | 438 | joc f‘(.a?g__;_w
Mass of Water T \7'0-’:’7 ced | 0% 0 (2
Mass of Tare 1S 624 15 26.,] 1551y 9,385 /S S’%y
Mass of Dry Soil 2.6 L+ 2.8\ (33 2.51
| Water Content % (PL) 2 A%, N Vg wrte] 2318%, [ e A5 /o AU, R0 s
us'c'- G
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