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EXECUTIVE SUMMARY

Preface:

Fiser, Inc. is proposing to construct an office/warehouse development adjacent to Ed Shouse
Drive in Knoxville, TN. This proposed office/watrchouse development is named “Historic
Middlebrook”. Historic Middlebrook will consist of an initial phase of 40,000 square feet of
office/warehouse building space and a future phase which will contain an additional 180,000
square feet of office/warehouse building space. This development will be bounded by
Interstate 640, Middlebrook Pike, and Ed Shouse Drive on 25.6 acres and located to the west
of downtown Knoxville. The purpose of this study is to determine and evaluate the potential
impacts of the proposed office/warchouse development on the adjacent transportation
system. The study includes a review of the operating characteristics of the existing
transportation system that will provide access to the proposed development site.
Recommendations and mitigation measures will be analyzed and offered where traffic

operations have been projected to be below traffic engineering standards.

Study Results:
The findings of this study include the following:

o When the initial and future phase is fully built-out, the proposed development
with 10 buildings containing a total of 220,000 squate feet of office/warehouse
space is expected to generate approximately 439 trips on an average weekday.
78 of these trips are estimated to occur during the AM peak hour of traffic and
83 trips in the PM peak hour of traffic at full build-out. Full build-out of both
phases is expected to occur by the year 2025.

o The proposed development driveway at the intersection with Ed Shouse Drive
is projected to operate adequately for vehicular traffic in both the initial phase
in the year 2020 and the future phase in the year 2025 with respect to road
capacity. This development is expected to generate a relatively high percentage
of heavy truck traffic and these large vehicles will interact with existing high
traffic volumes, high speeds, and relatively steep road grades on Ed Shouse
Drive. Several auxiliary lanes are recommended to be constructed to mitigate
the potential impacts of the truck traffic generated by the proposed
office/warehouse development. The proposed intersection was also analyzed
to determine if traffic signal warrants might possibly be met for potential
signalization of the intersection. Based on the projected volumes in the year

2025, the proposed intersection will not meet warrants for signalization.

Revised April 2019 Historic Middlebrook
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Recommendations:

The following recommendations are offered based on the study analyses. Figure 9 on page 58

illustrates most of these recommendations:

It is recommended that the trees located in the median on Ed Shouse Drive be
removed in between the CSX Railroad overpass all the way to the new median

opening proposed for the Historic Middlebrook development.

A separate northbound right turn entering lane is not required but the radius at

this corner be a minimum of 50 feet but preferably larger.

The new median opening on Ed Shouse Drive for the Historic Middlebrook
Driveway should be constructed with a triangular-shaped depressed grass island
that outlines the intended paths with adequate dimensions for vehicles up to the

size of a WB-67 tractor-trailer truck. The depressed grass island should have

minimal vertical grade changes in the interior of the island. It is

recommended that in advance of this new median opening, No U-

Turn Signs (R3-4) be installed facing northbound and southbound
traffic on Ed Shouse Drive.

R3-4

A southbound left turn entering median lane should be constructed with a bay
taper of 220 feet and a storage length of 290 feet. The lane should be marked
as shown in TDOT Standard Drawing T-M-4 with a white lane line, dotted
white lane line, and white left turn arrows. The end of this left turn lane should
be marked with a 24” white stop bar in advance of the northbound thru lanes
of Ed Shouse Drive. This will provide guidance to left turning motorists as to
the proper stopping point in the median opening when waiting for a suitable

gap in the oncoming northbound thru traffic on Ed Shouse Drive. A Do Not

Enter Sign (R5-1) sign should be installed at the end of this lane in

the median and facing the westbound left turn lane of the Historic

Middlebrook Driveway to warn motorists to not enter the [ s

southbound left turn entering lane.

A southbound left turn exiting median acceleration lane should be constructed
with an ending bay taper of 144 feet. The designer should maximize the
available storage/acceleration lane length to fit in between the proposed
intersection and the existing median opening located to the south for

KUB. The lane should be striped as shown in TDOT Standard @
Drawing T-M-6 for parallel acceleration lanes. A Merge Sign (W4-

W4-1L

1L) should be installed in the triangular-shaped depressed median

Revised April 2019 Historic Middlebrook
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grass island at the proposed intersection in advance of the median acceleration

lane for southbound thru mototists on Ed Shouse Drive.

o A westbound right turn exiting acceleration lane should be constructed with an
ending bay taper of 144 feet. The designer should maximize the available
storage/acceleration lane length to fit in between the proposed intersection and
the existing railroad overpass located to the north on Ed Shouse Drive. The
lane should be striped as shown in TDOT Standard Drawing T-M-6 for parallel
acceleration lanes. A triangular-shaped depressed grass island should be
constructed on the east side at the intersection of Ed Shouse Drive at the
proposed Historic Middlebrook Driveway that separates westbound left and
right turns. The depressed grass island should have minimal vertical grade
changes in the interior of the island. A Merge Sign (W4-1R) should
be installed in the triangular-shaped depressed island in advance of the @

acceleration lane for northbound thru motorists on Ed Shouse Drive.

W4-1R

It is also recommended that a white lane reduction arrow be installed
in this lane to notify motorists of the requirement to merge and to also notify
northbound thru motorists that this lane does not continue on Ed Shouse Drive

past the CSX Railroad overpass.

o The westbound left turn lane of the Historic Middlebrook
Driveway should be constructed with a Stop Sign (R1-1) and a
24” white stop bar. The stop bar should be located outside the R1-1

vehicle path of where heavy truck traffic will be turning left into

the development. A No Outlet Sign (W14-2aR) should be ()
W14-2aR

installed at the top of the Stop Sign (R1-1) post. A Speed Limit
25 (mph) Sign (R2-1) and a Keep Right Sign (R4-7) should be v ?

installed for vehicles entering the development. A Double

Arrow Sign (W12-1) should be installed at the east approach

R2-1 | | R4-7
end of the depressed grass island for vehicles leaving the
development traveling westbound towards Ed Shouse Drive.
Left and right white turn arrows should be installed on the
pavement in advance of the depressed grass island for vehicles W12-1

traveling westbound towards Ed Shouse Drive.

o Two Do Not Enter Signs (R5-1) should be installed on the
northbound lanes of Ed Shouse Drive just to the south of the

proposed intersection and facing north. One should be placed on the

. . .. . R5-1
east outside shoulder and one in the existing depressed grass median.
Revised April 2019 Historic Middlebrook
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o Two Wrong Way Signs (R5-1a) should be installed on the northbound lanes of
Ed Shouse Drive further to the south of the Do Not Enter Signs (R5-1) and
facing north. One should be placed on the east outside shoulder and

one in the existing depressed grass median. Two Wrong Way Signs
(R5-1a) should also be installed on the southbound lanes of Ed Shouse | R5-1a

Drive just to the north of the proposed intersection and facing south. One

should be placed on the west outside shoulder and one in the existing depressed
grass median.

o The existing median opening that is proposed to be closed on Ed Shouse Drive
should have the pavement fully removed, median edges striped, be re-graded

for proper drainage, and the area seeded.

° Consideration should be given to installing Truck Crossing Signs

(W8-06) in advance of the proposed intersection for both directions

on Ed Shouse Drive. W8-6
Revised April 2019 Historic Middlebrook
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DESCRIPTION OF EXISTING CONDITIONS

= STUDY AREA:

The proposed new office/warehouse development is to be located adjacent and to the east of
Ed Shouse Drive as shown on a map in Figure 1. The proposed development is expected to
be constructed in two phases on approximately 25.6 acres. The development property will be
subdivided out of an existing parent property parcel of 58.7 acres. The initial phase will involve
constructing a new driveway to tie into Ed Shouse Drive and 2 — 40,000 square foot
office/warehouse buildings. At this stage of planning, the future phase is expected to include
an additional 8 office/watrchouse buildings with 180,000 square feet of building space. To
identify the transportation impacts associated with both phases of the proposed
office/warchouse development, the following roadway and proposed intersection were

analyzed where the greatest impact is expected:

0] Ed Shouse Drive
o] Intersection of Ed Shouse Drive at proposed Historic Middlebrook Driveway

Near this study area, there are several commercial and industrial businesses located to the
north and south. The largest existing development adjacent to the proposed site is the
Knoxville Utilities Board (KUB). This facility is located on the northwest corner of Ed Shouse
Drive at Middlebrook Pike (SR 169) and is the main operation center for KUB. KUB is the

main provider of electrical, gas, water, and wastewater services in Knoxville and Knox County.

The property for the proposed development is currently unoccupied and a large majority of it
is covered in woods. The parent tract of 58.4 acres will be subdivided into 2 parcels and is
crossed by Third Creek on the southwestern portion of the property. The northern portion
will contain the office/warehouse development on 25.6 acres. The southern portion of the
subdivided property will remain undeveloped. Located on the southern tract is Middlebrook,
a historic house that was built around 1845 and is listed on the National Register of Historic
Places. The southern tract will retain access to Middlebrook Pike (SR 169) at the intersection
with Lonas Drive. The proposed site for the Historic Middlebrook office/warehouse
development will be bounded by Interstate 640 to the east, Ed Shouse Drive to the west, CSX
Railroad to the north, and the subdivided property to the south that fronts Middlebrook Pike
(SR 169).

Revised April 2019 Historic Middlebrook
Transportation Impact Study Knoxville, TN



Site Location of
Historic
Middlebrook
Development

Middlebrook
Historic House and
Southern Property
to be Subdivided
out of Parent Tract

Figure 1
Location Map
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. EXISTING ROADWAYS:

Table 1 shows the characteristics of the key existing roadway included in the study:

4 lane Route 90 38.5 feet
Ed Shouse Drive Major Artensal 50 mph divided 115 feet (no existing | (grassed) No sidewalks No bike lanes
bus stops)

* 2018 Major Road Plan by Knoxville/Knox County Metropolitan Planning Commission
y Edge of curb to edge of curb or edge of pavements near project site
: According to Knoxville Area Transit System Map

Ed Shouse Drive traverses in a general north-south direction and will provide the sole road
access for the proposed development. It is a major arterial and is an important and well-
traveled link between Middlebrook Pike (SR 169) and Western Avenue (SR 62) in west
Knoxville. The road is approximately 3,350 feet in length and has a straight horizontal
alignment with a large vertical sag curve roughly midway in its length as it crosses over Third
Creek. Ed Shouse Drive adjacent to the project site consists of a 4-lane divided roadway
section with a 38.5-foot grass median, approximately 150 feet of public right-of-way, and a

couple of median openings.

Ed Shouse Drive has streetlights along its entire length and a large majority of the road is lined
with guardrails on both northbound and southbound outside shoulder edges. The shoulders
are paved and are approximately 12 feet in width. In 2003, this road was renamed from Forty-

Fourth Street to FEd Shouse Drive.

Currently, there are only a handful of road and driveway access points along Ed Shouse Drive.
Randy Tyree Street and Falconite Way intersect Ed Shouse Drive on the north side just south
of Western Avenue (SR 62). Falconite Way is a single access drive for a United Rentals
business. Just to the south of Western Avenue (SR 62), CVS Pharmacy has a driveway
connection on the west side that only allows travel on the southbound lanes of Ed Shouse
Drive. Other road connections to Ed Shouse Drive include 2 driveways that are located
roughly half-way along Ed Shouse Drive. These 2 driveways provide access to Knoxville
Utilities Board (KUB) facilities on the west side of Ed Shouse Drive and are located near each
other. The northernmost KUB driveway provides access to a sanitary sewer pump station and

this driveway only has access to the southbound lanes of Ed Shouse Drive (no median

Revised April 2019 Historic Middlebrook
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opening).  The southernmost KUB
driveway is one of the main access points
for KUB employees. This driveway is
gated and only KUB employees can enter
or exit. This driveway has access to both
northbound and southbound lanes of Ed

Shouse Drive via a median opening.

KUB Driveway at Ed Shouse Drive

Figure 2 shows the lane configurations of Ed Shouse Drive and the location where the traffic
count was conducted, adjacent to the proposed location of the driveway connection for the
development. Figure 2 shows the posted speed limit on Ed Shouse Drive along with the
distances between the proposed development driveway to Western Avenue (SR 62) and
Middlebrook Pike (SR 169) to the north and south respectively. The pages following Figure 2

give an overview of the site study area with photographs.

Revised April 2019 Historic Middlebrook
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PHOTO EXHIBITS

Ed Shouse Drive

Vew of Ed Shouse Drive
(Looking South from Depressed Grass Median)

%

View of Southbound Ed Shouse Drive
(Looking South)
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Ed Shouse Drive

View of Northbound Ed Shouse Drive
(Looking South)

View of Site off Ed Shouse Drive (with I-640 in background)
(Looking East)
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= EXISTING TRANSPORTATION VOLUMES PER MODE:

There is one permanent vehicular traffic count location adjacent to this project site on Ed
Shouse Drive. This count at this location is conducted by the Tennessee Department of

Transportation (TDOT) on a yearly basis. The count data is the following:

0 Average Daily Traffic (ADT) on Ed Shouse Drive was reported by TDOT at
22,028 vehicles per day in 2017. From 2007 — 2017, this count station has
indicated a -1.1% average annual growth rate. The researched historical traffic

count data for this report can be viewed in Appendix A.

Bicycle facilities (lanes) and pedestrian sidewalks are not currently available within the project

site study area along Ed Shouse Drive.

0 Bicycle and pedestrian volumes are unknown. No bicyclists were observed but

two pedestrians were observed on Ed Shouse Drive during the traffic counts.

= ON-STREET PARKING:

On-street parking is not allowed on Ed Shouse Drive. Along the shoulders,
No Parking Signs (R7-2) are posted at regular intervals.

u TRANSIT SERVICES:

The City of Knoxville has a network of public transit opportunities offered by Knoxville Area
Transit (KAT). Bus service is available in this area of Knoxville but currently there are not
any bus stops on Ed Shouse Drive. This KAT service is Route 90 “Crosstown Connector”.
This route operates on weekdays and weekends and the route map is included in Appendix B.
The closest public transit KAT bus stop location on this route is located at the corner of
Western Avenue (SR 62) at Randy Tyree Street. Other transit services include the East
Tennessee Human Resource Agency (ETHRA) and the Community Action Committee (CAC)
which provides transportation services when requested along with private taxis, and ride-

sharing opportunities (Uber, etc.).

Revised April 2019 Historic Middlebrook
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PROJECT DESCRIPTION

= LOCATION AND SITE PLAN:

The proposed plan layout given by GBS Engineering is shown in Figure 3. As can be seen in
the figure, one roadway for the office/warehouse development will tie into Ed Shouse Drive.
The development is expected to be constructed in 2 phases. The initial phase will involve
constructing the new driveway to tie into Ed Shouse Drive and will construct 2 — 40,000 square
foot office/watchouse buildings. At this point, the future phase is expected to include an
additional 8 office/warehouse buildings that will include 180,000 squate feet of building space.
The future phase will contain 4 buildings of 20,000 square feet each and 4 buildings of 25,000
square feet each. In total, the initial and future phase is expected to contain 10
office/watrehouse buildings that will have 220,000 squate feet of office/warehouse space on
25.6 acres. The developer expects that most of the squate footage of the office/watchouse

buildings will be dedicated to warehouse space.

The proposed plan for the initial phase includes 80 automobile parking spaces in multiple lots.
The two buildings in the initial phase include truck loading dock areas and will be designed to
handle heavy trucks up to a WB-67 tractor-trailer truck. Figure 3a shows the proposed layout
for the initial phase. The plan for the future additional phase shown in Figure 3b also includes
areas for automobile parking. The parking lots for the future phase will provide approximately
350 automobile parking spaces. The eight buildings in the future phase will also include truck

loading dock areas.

The actual schedule for completion of this office/watchouse development is dependent on
economic factors and construction timelines. This project is also contingent on permitting,
design, and other issues. However, for the purposes of this study, it was assumed that the
total construction build-out of the development and full occupancy of the initial phase will
occur within the next 18 months (late 2020). The future phase is expected to be built and
occupied within the next 6 years (2025).

Revised April 2019 Historic Middlebrook
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Figure 3a
Initial Phase - Historic
Middlebrook
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Figure 3b
Future Phase - Historic
Middlebrook
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m PROPOSED USES AND ZONING REQUIREMENTS:

The proposed office/warchouse development is expected to be constructed with a single

roadway that will provide vehicular access to Ed Shouse Drive.

The parent property tract is within the City of Knoxville and is zoned for several usages:
General Agricultural District (A-1), General Commercial Park District (C-6), and Floodway
District (F-1). The current zoning map is provided in Appendix C. The parent property tract
will be subdivided to separate the existing A-1 and C-6 zoning districts. The proposed
office/warechouse development will be located on the north side of the property tract and
within the C-6 zone. The A-1 district to the south contains the historic Middlebrook home
and several outbuildings. The parent property tract is bisected by Third Creek which is
contained within the F-1 zoning district. The F-1 zoning district is used to delineate flood

waters for a 500-year flood frequency. The existing adjacent surrounding land uses are the

following:
o] The land to the east of the proposed development consists of Interstate 640.
The property immediately on the other side and to the east of Interstate 640 is
zoned General Agricultural District (A-1) and consists of single-family homes.
0 The property to the north of the proposed development is zoned in the

Highway and Arterial Commercial District (C-4). A CSX railroad line separates
this Highway and Arterial Commercial District (C-4) property from the
proposed development property. This property to the north is adjacent to and
south of Western Avenue (SR 62) and is occupied by a United Rentals business.

0 The proposed development is bounded by Ed Shouse Drive to the west. On
the opposite side of Ed Shouse Drive, and to the west of the development
property, the property contains the KUB facilities and is zoned in the General
Industrial District (I-3).

0 After the parent property tract subdivision, the proposed development will be
adjacent and to the north of the historic Middlebrook house and property
located in the General Agricultural District (A-1).

The General Commercial Park District (C-6) allows for a variety of land uses within the
commercial/light industry realm and is used to cluster commercial activities with an ordetly

development design.
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. ON-SITE CIRCULATION:

The total length of the new internal road that will be constructed for the initial phase and tie
into Ed Shouse Drive will be approximately 640 feet. The internal roadway for the
development will be paved, include 2.5-foot concrete curb and gutters with lane widths of 13
feet for a total 26-foot pavement width. The concept plans for the Historic Middlebrook
Driveway show 2 exiting lanes at Ed Shouse Drive to separate westbound left and right turn
movements. A five-foot sidewalk will be provided along the internal road. The new internal
road in the initial phase will terminate at a cul-de-sac and will be a public roadway. The
construction of the future phase of the development will build a private driveway an additional
475 feet to provide access to the additional office/watchouse buildings constructed further

into the property.
. VEHICLE ACCESS AND CIRCULATION:

The design plans show a new median southbound left
“| Opening to |
#%| be Closed o ) )
== | turn lane, an existing median opening on Ed Shouse

turn lane on Ed Shouse Drive. To provide this left

Drive is proposed to be closed and a new median
opening will be constructed further to the south to

allow for traffic to enter and exit at the Historic

Driveway Middlebrook Driveway. The existing median opening
Location ] that is proposed to be closed on Ed Shouse Drive is
approximately 400 feet to the south of a CSX Railroad
line overpass and the new median opening for Historic
Middlebrook will be an additional 340 feet further to

the south of the overpass.

In addition to WB-67 tractor-trailer trucks, the proposed internal road will also provide access
to passenger cars, service, delivery, maintenance, and fire protection vehicles. To
accommodate the large size of WB-67 tractor-trailer trucks, it is expected that smaller vehicles
entering and exiting the development will not experience any difficulties with access. The
development will need to ensure that there are appropriate road directional signs and
pavement markings to reduce the possibility of larger and smaller vehicle movements having

unsafe interactions.
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TRAFFIC ANALYSIS OF EXISTING AND PROJECTED CONDITIONS

u EXISTING TRAFFIC CONDITIONS

Traffic counts were conducted on Ed Shouse Drive adjacent to the proposed driveway
connection for the development as directed by Knoxville-Knox County Planning. These

counts tabulated the existing northbound and southbound traffic on Ed Shouse Drive.

The traffic counts on Ed Shouse Drive were obtained on Tuesday, March 5th, 2019, for a total
of 8 hours. The counts were conducted during the morning, mid-day, and afternoon peak
periods. Local schools were in session when the traffic counts were conducted. Based on the
traffic volumes tabulated, the AM peak hour of traffic was observed from 7:30 — 8:30 am. The
PM peak hour of traffic was observed from 4:30 — 5:30 pm. There was a noticeable directional
pattern of traffic heading northbound and southbound on Ed Shouse Drive during different
times of the day. On Ed Shouse Drive in the morning, most of the traffic was observed
headed southbound towards Middlebrook Pike (SR 169) and in the afternoon, the reversed
occurred with most of the traffic observed headed northbound to Western Avenue (SR 62).

The manual tabulated traffic counts can be reviewed in Appendix D. In Figure 4, the volumes
shown are from the existing traffic counts during the AM and PM peak hours observed on Ed
Shouse Drive. Overall, the vehicular traffic volumes on Ed Shouse Drive were quite large.
Several school buses and KAT buses were observed during the traffic counts. Most of the
traffic observed during the traffic count was typical passenger vehicles but there was a
relatively high percentage of heavy truck traffic. Most of this heavy truck traffic consisted of
interstate truck semi-trailers. Appendix D also shows the percentage of heavy trucks observed

during the traffic counts.

A few motorists were observed performing u-turn maneuvers at the median opening just south
of the railroad overpass on Ed Shouse Drive. The traffic count observations on Ed Shouse
Drive also noted some brief northbound back-ups from the signalized intersection of Western
Avenue (SR 62) at Ed Shouse Drive during the afternoon. One of these back-ups was just
after 3:30 pm when a large volume of KUB employees left work. These back-ups extended
past the Ed Shouse Drive bridge over the railroad. The back-up queues primarily formed in
the outside lane of Ed Shouse Drive for vehicles waiting to turn right onto Western Avenue
(SR 62). The outside lane is preferred by motorists due to the entrances to Interstate 640

being located on the right side just to the east of this signalized intersection.
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= OPENING YEAR TRAFFIC CONDITIONS (WITHOUT PROJECT):

Opening year traffic volume estimates represent the potential future road volumes the study
area is subject to without the proposed project being developed (no-build option). As
previously stated, the build-out and full occupancy for the initial phase of this
office/watehouse development was assumed to be within the next 18 months (by late 2020).

The future phase of the development was estimated to be fully built and occupied by the year
2025.

Traftic growth on Ed Shouse Drive has shown overall negative growth over the past 10 years
according to the TDOT count station (historical traffic data is shown in Appendix A). From
2007 thru 2017, the average annual growth rate was calculated to be -1.1%. Currently, there
are no known upcoming developments adjacent or nearby to the proposed site on Ed Shouse
Drive that would indicate large future increased traffic volumes in the study area in the next

few years.

Since this area is in an established area of Knoxville, for this study, a 1% annual growth rate
was used to consider any future development in the area and potential rising traffic volumes.
The results of this growth rate applied to the existing traffic volumes can be seen in Figure 5a
for the year 2020 and Figure 5b for the year 2025. Figures 5a and 5b show the projected
opening year traffic volumes during the AM and PM peak hours on Ed Shouse Drive based
on an assumed annual growth rate of 1%. The volumes that are shown in Figures 5a and 5b
have been calculated to potentially exist on Ed Shouse Drive in the year 2020 and 2025 even

without the proposed office/warehouse project being constructed and developed.
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= TRIP GENERATION

The estimated amount of traffic that will be generated by the proposed office/warehouse
development was calculated based upon rates and equations for peak hour trips provided by

Trip Generation Manual, 10% Edition, a publication of the Institute of Transportation

Engineers (ITE). A generated trip is a single or one-direction vehicle movement that is either

entering or exiting the study site. The Trip Generation Manual is the traditional and most

popular resource for determining trip generation rates when traffic impact studies are
produced. The Manual lists and includes data for a variety of land uses and correlates trips
generated based on different variables such as dwelling units, square footage, etc. The data

from ITE for the proposed land use is shown in Appendix E.

The description for Land Use #150, Warehousing, in the I'TE Trip Generation Manual states

that the trip generation data for this land use includes office and maintenance areas in the
square footage. A summary of the calculated trip generation is presented in Table 2 for the
initial phase of the Historic Middlebrook development with 40,000 square feet of

office/warehouse space:

TALL ENTER EXIT TOTAL

#15 W 1 y FIt:
150 Warehousing 40,000 sq. ft 100 2% ] 31 5 4 33

Total New Volume Site Trips 109 24 7 31 9 24 33

ITE Trip Generation Manual, 10th Edition

In the initial phase, with 2 buildings containing a total of 40,000 square feet of
office/warehousing space, it is estimated that 24 vehicles will enter and 7 will exit, for a total
of 31 generated trips during the AM Peak Hour in the year 2020. Similatly, it is estimated that
9 vehicles will enter and 24 will exit, for a total of 33 generated trips during the PM Peak Hour
in the year 2020. The calculated trips generated for an average weekday could be expected to
be approximately 109 vehicles for the proposed development in the year 2020.
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A summary of the total calculated trip generation for the year 2025 that includes the initial
phase of 40,000 square feet of office/warehouse space and the future phase with an additional
180,000 square feet of office/warehouse space is presented in Table 3:

0 0 0, 0,
) Initial Phase 77% 23% 27% 73%
#150 i : 40,000 sq. ft. B .
Warehousing 109 24 31 9 24
77% 23% 27% 73%
Future Phase
#150 i ) 180,000 sq. ft.
= Warehousing y & 330 36 11 47 14 36 50
Total New Volume Site Trips 439 60 18 78 23 60 83

ITE Trip Generation Manual, 10th Edition

In both phases, with a total of 220,000 square feet of office/warchousing, it is estimated that
00 vehicles will enter and 18 will exit, for a total of 78 generated trips during the AM Peak
Hour in the year 2025. Similarly, it is estimated that 23 vehicles will enter and 60 will exit, for
a total of 83 generated trips during the PM Peak Hour in the year 2025. The calculated trips
generated for an average weekday could be expected to be approximately 439 vehicles for the

entire development in the year 2025.

Pass-by trips are trips that are assumed to already be occurring on the adjacent street that enter
a site. These trips are an intermediate stop between an existing origin and destination without
a route diversion. Office/warehouse developments typically do not attract any measurable
number of pass-by trips. Thus, no pass-by trip reductions were made for this study. Also,
internal trip reductions can be calculated when there are two or more land uses that have
interactions without utilizing the adjacent external road system. This proposed development

is for a single land use and therefore no internal trip reductions were made either.
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u TRUCK TRIP GENERATION

As previously shown in Tables 2 and 3, it is projected that relatively low amounts of overall
traffic will be generated by this proposed development. However, it is expected that it will
generate a relatively high percentage of heavy truck traffic as compared to other land uses.
The trip generation and introduction of vehicles consisting of high percentages of heavy truck

traffic could affect traffic operations and reduce safety on Ed Shouse Drive.

In general, all types of vehicles are accounted for in the trip generation rates provided in the

ITE Trip Generation Manual, but it does not distinguish or provide a tabulation or percentage

of heavy truck trips in the data. In most cases, transportation impact studies are usually
concentrated and associated with passenger type vehicles to determine the level of impact a

development has on an adjacent transportation system.

The distribution and amount of heavy truck traffic in the traffic stream that will be generated
by the proposed Historic Middlebrook office/watehouse development is unknown and partly
speculative at this point. A review of research on this subject identified the most appropriate
means to estimate the percentage of heavy truck traffic for warehousing is based on a report

entitled, Truck Trip Generation Study. This study was conducted by the City of Fontana,

California in August 2003. The purpose of the Truck Trip Generation Study by the City of

Fontana was “to evaluate the vehicle trip generation characteristics of several land use
categories that typically generate significant volumes of truck traffic.”” The truck trip
generation study utilized data from sampling and analysis of land uses in the Fontana, CA area
that generates large amounts of heavy truck traffic. These land uses included warehousing,
industrial developments, truck sales, and truck stops. This publication follows the same

procedures and reporting as presented in the ITE Trip Generation Manual.

The Truck Trip Generation Study was based on data collected in a specific area and the report

suggests that it may not be directly applicable to other areas. However, absent any other
relevant and more local information, it is considered for use in this study for Historic
Middlebrook. Online research for truck traffic trip generation resulted in many other traffic
unrelated studies referencing this City of Fontana study. The City of Fontana Truck Trip

Generation Study also provides calculations for trip generation trip rates for land uses with

heavy truck traffic. Utilizing the trip rates for light warehousing (buildings < 100,000 square
feet) from the Fontana, CA study for the Historic Middlebrook development calculated fewer

overall trips than compared to the ITE trip generation rates. Therefore, to achieve a more
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conservative estimate for this study, the ITE trip generation rates were used, which resulted

in a higher number of generated trips.

The City of Fontana Truck Trip Generation Study data for light warehousing vehicle mix is

shown in Appendix F. The data from that study indicated a vehicle mix of 80% passenger
vehicles and 20% heavy trucks for the light warehousing land use. This vehicle mix will be
assumed for this study. For example, with total daily trips calculated to be 439 vehicles in the
year 2025 conditions, it is assumed that 351 of these will be passenger vehicles (primarily for
employee trips) and 88 will be heavy trucks hauling material to and from the warehouses. The
following tables provide an estimation of heavy trucks and passenger car vehicles in the

projected conditions using this vehicle mix assumption.

ENTER EXIT TOTAL ENTER EXIT TOTAL

All Vehicles 109 24 7 31 9 24 33
Passenger Car (Emplovee) Trips (80%) 87 19 6 25 7 19 26
Heavy Truck Trips (20%) 22 5 1 6 2 5 7

TRAFFIC
ENTER EXIT TOTAL ENTER EXIT TOTAL

All Vehicles 439 60 18 78 23 60 83

Passenger Car (Emplovee) Trips (80%) 351 48 14 62 18 48 66

Heavy Truck Trps (20%) 88 12 4 16 5 12 17
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= TRIP DISTRIBUTION AND ASSIGNMENT

The proposed office/warehouse development includes the addition of a new driveway
connection to tie into the east side of Ed Shouse Drive. This road connection is proposed to
be built approximately 730 feet south of the CSX Railroad overpass and 435 feet to the north
of the KUB driveway on Ed Shouse Drive. The details of the proposed Historic Middlebrook

Driveway will be discussed further later in the report.

Figure 6 shows the projected distribution for traffic entering/exiting the Historic Middlebrook
office/warehouse development during the future AM and PM peak hour at the proposed
intersection of Ed Shouse Drive at the Historic Middlebrook Driveway. The percentages that
are shown pertain to the trips projected to be generated by the proposed office/watchouse

development and calculated from the ITE Trip Generation Manual. These percentages were

assumed based on the location of the development and the expectation of traffic movements

by the developer.

One of the large advantages of this office/warehouse development being constructed adjacent
to Ed Shouse Drive is its proximity to Interstate 640. Interstate 640 provides convenient
access to Interstate 40 and 75 for further travel and Interstate 640 access is readily available
just to the northeast of the development site off Western Avenue (SR 62). There is also a
large industrial and commercial base to the south along Middlebrook Pike (SR 169). At this
point, the developer does not believe that the level of attraction to the existing developments
on Middlebrook Pike (SR 169) will be significant, and thus most of the trips for the Historic
Middlebrook development are assumed to travel to and from the north to Western Avenue
(SR 62) to access Interstate 640. As shown in Figure 6, it is assumed that in the AM and PM
peak hours, 80% of all vehicles (passenger cars and trucks) will travel to and from the north

and 20% will travel to and from the south.

Figures 7a and 7b show the traffic assignment of the computed trips that will be generated by
the proposed development (from Tables 2 and 3) in the year 2020 and 2025 for the initial
phase and future phase respectively. The computed trips are applied to the various

intersection movements based on the assumed distribution of trips shown in Figure 6.
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= OPENING YEAR TRAFFIC CONDITIONS (WITH PROJECT)

Opverall, several additive steps were taken to estimate the total opening year projected traffic
volumes at the intersection of Ed Shouse Drive at the proposed Historic Middlebrook
Driveway when the development is fully constructed and occupied in the year 2020 for the
initial phase and 2025 for the addition of the future phase. The steps are illustrated below for

clarity:

/" Existing Traffic: \ / Trip Distribution: \  / Trip Assignment:
Volumes from Projected Trips Projected Trip
Manual Traffic Generated by the Volumes Assigned

Count Development — to Road System
Distributed to Road According to Trip
System (%’s) Distribution

\ (Figure 4) / \ (Figure 6) / k (Figures 7a & 7b) /

| | l

/ Opening Year \ / Trip Generation: \ [ Opening Year

Traffic Volumes Traffic Volumes
(without project): Calculate Projected (with project):
Trips Generated by )

Apply 1% Growth to ) the New Projected Traffic
Existing Volumes Development in Volumes for “Historic
up to Year 2020 & Year 2020 & 2025 Middlebrook” in Year

2025 2020 & 2025

K (Figures 5a & 5b) / K (Tables 2 & 3) / K(Figures 8a & 8b) /

To calculate the total future projected traffic volumes at the studied intersection, the calculated

peak hour traffic (from ITE Trip Generation) generated by the new proposed
office/warchouse development was added to the opening year traffic on Ed Shouse Drive
(shown in Figures 5a & 5b) in accordance with the predicted directional distributions and
assignments (shown in Figures 6, 7a, & 7b). This procedure was necessary to obtain the total
projected traffic volumes at the time the development is fully built-out for the initial phase in
the year 2020 and for the year 2025 when the future phase is added to the development.
Figures 8a and 8b show the projected AM and PM peak hour volumes at the studied
intersection for the year 2020 and 2025 respectively.
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Capacity analyses were undertaken to determine the projected
Level of Service (LOS) for the studied intersection with
respect to vehicular traffic in the year 2020 and 2025. The
capacity analyses were calculated by following the methods
outlined in the Highway Capacity Manual and using Synchro
Traffic Software (Version 8). LOS is a qualitative
measurement developed by the transportation profession of
how well an intersection or roadway performs based on a
driver’s perception. LOS designations include LOS A through
LOS F. The designation of LOS A signifies a roadway or
intersection operating at best, while LOS F signifies road
operations at the worst. This grading system provides a
reliable straightforward means to communicate road
operations to the public. The Highway Capacity Manual
(HCM) lists level of service criteria for unsignalized

intersections and signalized intersections.

For unsignalized intersections, Level of Service is measured
in terms of delay (in seconds). This measure is an attempt to
] ] , , ) (Source: FDOT)
quantify delay that includes travel time, driver discomfort, and
fuel consumption. The LOS for a two-way stop (or yield) controlled intersection is defined
by the delay for each minor approach and major street left-turn movement. Table 6 lists the

level of service criteria for unsignalized intersections.

From the capacity calculations, the results from the projected peak hour vehicular traffic can
be seen in Tables 7 and 8 for the intersection in the year 2020 and 2025 respectively. The
intersection in the tables is shown with a LOS designation, delay (in seconds), and v/c ratio
(volume/capacity) for the AM and PM peak hours. A v/c ratio of 1 would indicate that the
traffic volumes are at the roadway capacity. The assumed percentage of 20% heavy truck traffic
is included in the analysis. Appendix G includes the worksheets from the capacity analyses

for the projected peak hour vehicular traffic in the year 2020 and 2025.
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TABLE 6

LEVEL OF SERVICE AND DELAY FOR
UNSIGNALIZED INTERSECTIONS

LEVEL OF DESCRIPTION DELAY RANGE
SERVICE (seconds/vehicle)
A Little or no delay =10
B Short Traffic Delays =10 and =15
C Average Traffic Delays >15 and =25
D Long Traffic Delays >25 and =35
E Very Long Traffic Delays =35 and =50
F Extreme Traffic Delays =50
Source: Highway Capacity Manual

TABLE 7
2020 PEAK HOUR LEVEL OF SERVICE & DELAY - OPENING YEAR (WITH INITIAL PHASE OF PROJECT)

TRAFFIC AM PEAK PM PEAK
INTERSECTION CONTROL APPROACH DELAY DELAY
(seconds) (seconds)
Ed Shouse Drive at - Westbound Left (e D 33.8 0.040
Historic Middlebrook Drivevway _5 Westbound Right B Z 16.6 0.060
& Southbound Left A A
;é

Note: All analyses were calculated in Synchro 8 software and reported with HCM 2000 methodology for mtersections

TABLE 8
2025 PEAK HOUR LEVEL OF SERVICE & DELAY - OPENING YEAR (WITH INITIAL AND FUTURE PHASE OF PROJECT)

TRAFFIC AM PEAK PM PEAK
INTERSECTION CONTROL APPROACH DELAY V/C DELAY V/C
(seconds) (seconds)

Ed Shouse Drive at - Westbound Left £ 23.2 0.020 E 39.6 0.110
v

Historic Middlebrook Drivevway ;.; Westbound Right B 10.9 0.020 Z 18.9 0.170
=
S

jau}

Note: All analyses were calculated in Synchro 8 software and reported with HCM 2000 methodology for mtersections
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As can be seen in Tables 7 and 8, the studied intersection is shown to operate at good levels
during the projected AM and PM peak hours except for westbound left turns which are
calculated to operate at LOS D and LOS E in the PM peak hour in the year 2020 and 2025
respectively. This is attributable to the large amounts of thru traffic on Ed Shouse Drive.

The level of service calculations for the intersection assume that there is space available for at
least one westbound left turn vehicle to cross the northbound lanes, temporarily pause mid-
way in the median, and wait for an acceptable gap in the southbound traffic to allow for fully
completing the turn. The existing median width on Ed Shouse Drive is sufficiently wide
enough to allow a passenger sized vehicle to pause mid-way and wait for gaps in southbound
traffic. However, without modifications, this median refuge will not be available for heavy
trucks due to their length being longer than the existing median width provided on Ed Shouse
Drive. Reevaluating the calculations with the assumption that there is not adequate median
width for at least one heavy truck to pause in the center median refuge, the results show higher
delays since westbound left turning heavy trucks would need to find gaps in traffic in both the
northbound and southbound directions simultaneously. This issue will be discussed later in
the report in the “Conclusions and Recommendations” where recommendations will be
offered to allow both passenger cars and heavy trucks to use the median as a refuge when

needed.

For the capacity analysis, it is assumed that the peak hour of trips generated by the
development (including heavy truck traffic) will coincide with the non-development related
peak hour of traffic on Ed Shouse Drive. This may or may not occur since warehousing is a
land use which could produce traffic volume peaks at non-traditional peak hours especially as
it relates to heavy truck traffic. It is not known at this point whether the peak movement of
traffic to and from this development will occur eatlier or later than the traditional peak hours

of traffic of Ed Shouse Drive. The ITE Trip Generation Manual states that the sites surveyed

for their research showed overall highest volumes from 11:30 am — 12:30 pm and 3:00 — 4:00
pm for the Warehousing (#150) land use. Nonetheless, this study assumes that the adjacent
street and the development peak traffic will occur within the same peak AM and PM hours

and this will result in a conservative analysis.
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n POTENTIAL SAFETY ISSUES

The study area was investigated for potential existing and future safety issues. Several features

in the study area were identified and are discussed in the following pages.

v

SPOT SPEED STUDY

A spot speed study was conducted on Ed Shouse Drive to sample and tabulate the existing
vehicle speeds along the road in the vicinity of the proposed development. The equipment
used for the speed study was a Bushnell Speedster III Radar Speed Gun. The vehicles that
were tabulated for the spot speed study were both the northbound and southbound motorists
along Ed Shouse Drive near the proposed location of the Historic Middlebrook development.

As expected, the results of the study indicate that most of the traffic along Ed Shouse Drive
travels at a higher speed than the posted speed limit. The posted speed limit on Ed Shouse
Drive is 50 mph. The results of the spot speed study indicate that the observed 85 percentile
speed was 56.7 mph for northbound traffic and 55.0 mph for southbound traffic. The spot
speed field observations are provided in Appendix H.

= EVALUATION OF TURN LANE THRESHOLDS

The intersection of Ed Shouse Drive at the proposed Historic Middlebrook Driveway was
evaluated for the need for separate turn lanes for entering vehicles into the development in
the year 2020 and 2025. The standard design policy that was used for these turn lane
evaluations is based on “Knox County’s Access Control and Driveway Design Policy”. This
design policy by Knox County relates vehicle volume thresholds based on prevailing speeds
for two-lane and four-lane roadways. Using these criteria, a determination was made whether

turn lanes are warranted for this development.

Based on the projected traffic volumes at the intersection of Ed Shouse Drive at the proposed
Historic Middlebrook Driveway and according to “Knox County’s Access Control and
Driveway Design Policy”, a separate left (southbound) turn lane is warranted on Ed Shouse
Drive for entering vehicles in the year 2020 and 2025. However, a separate right (northbound)
turn lane is not warranted on Ed Shouse Drive in the year 2020 or 2025. The Knox County
turn lane policy worksheets are in Appendix I and the results that are shown in the Appendix

are based on the projected volumes during the AM and PM peak hour volumes at the
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intersection in the year 2020 and 2025. The speed classification that was chosen for this
evaluation was based on the spot speed study on Ed Shouse Drive that showed the 85t
percentile speed was 56.7 mph for northbound traffic and 55.0 mph for southbound traffic.
Therefore, this study evaluation used the Knox County classification for speeds of 56 mph

and greater with the calculated projected volumes.

L EVALUATION OF SIGHT DISTANCE

Based on the observed 85% percentile speed limit of nearly 57 miles per hour on Ed Shouse
Drive and standard policy of requiring 10 feet of sight distance per 1 mph of speed, the
required intersection sight distance would be 570 feet looking each direction at the intersection

on Ed Shouse Drive from the proposed Historic Middlebrook Driveway.

Based on the proposed location of the Historic Middlebrook Driveway situated on the east
side of Ed Shouse Drive and based on visual observation, there is more than 570 feet of sight
distance available looking towards the south. However, sight distance looking towards the
north is marginal and could not be verified strictly by visual observation. There are several
trees located in the existing grass median of Ed Shouse Drive which potentially restricts sight
distance. This sight restriction would be worsened during the growing season. The geometry

of Ed Shouse Drive also restricts the length of this sight distance.

Due to the potential for a significant amount of heavy truck traffic being generated by the
development, there is concern whether the available sight distance is sufficient for heavy trucks
with slower acceleration rates than standard passenger vehicles. This subject will be discussed

in the following section of the report.
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View of Sight Distance on Ed Shouse Drive
Looking North from Approximate Location of the Proposed Historic
Middlebrook Driveway

View of Sight Distance on Ed Shouse Drive
Looking South from Approximate Location of the Proposed Historic
Middlebrook Driveway
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CONCLUSIONS AND RECOMMENDATIONS

The following is an overview of conclusions and recommendations to minimize the traffic
impacts of the proposed development on the surrounding road system while attempting to

achieve an acceptable level of traffic flow and safety.

In addition to presenting calculations to determine the potential vehicular delays at the
proposed intersection, there are other issues that need to be addressed for this type of
development. This development will be composed of warehousing and is expected to generate
a significant amount of heavy truck traffic. When this potential exists, the analysis requires,
and the design should reflect the effects of heavy trucks on the transportation system. Heavy
trucks have a large effect on traffic conditions due to their size, acceleration, and deceleration

characteristics.

This development is being designed to handle heavy trucks up to WB-67 tractor-trailer trucks.
These trucks have 5 axles with a 53-foot trailer and usually have a typical overall length of 73.5
teet with the tractor length included. These trucks are the typical sized trucks seen on the
interstate system and have a minimum design turning radius of 45 feet. To accommodate
heavy trucks for this development, this report discusses median spacing, sight distance, and

auxiliary lanes in the following pages.

WB - 67 Design Vehicle
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1) Median Spacing:
Ed Shouse Drive is a 4-lane divided highway with a depressed grass median. The grass
median is just less than 40 feet in width and the center of the median is lined with
concrete drainage ditches and tree landscaping. As part of constructing the Historic
Middlebrook Driveway at Ed Shouse Drive, the developer is proposing to close an
existing median opening and construct a new median opening to allow for full traffic
movements at the proposed driveway.
[ Median
The existing median opening proposed to be | | Opening to [* %
closed on Ed Shouse Drive is located |4 i '} ..':T’ ™ be COS
approximately 400 feet to the south of the CSX |
Railroad overpass. A new median opening will |
be constructed on Ed Shouse Drive at the new 3 oy
Historic Middlebrook Driveway and will be {
approximately 340 feet to the south of the =
existing median opening. It will also be
approximately 435 feet to the north of the J 3’1‘:11::1“ e ;
existing median opening that is provided for the [f ; £ . g ‘
main KUB driveway. i .' k LRl s L%
According to TDOT’s Roadway Design i
Guidelines in Section 2-140.0, TDOT lists Ed Shouse Drive
desirable median opening spacings for rural and
urban locations. For this location in an urban environment on Ed Shouse Drive, it
states that the desirable spacing is 660 feet. However, it also states that a range of 440
feet to 880 feet is acceptable. Based on a TDOT minimum median spacing of 440 feet,
the proposed location of the new median opening on Ed Shouse Drive will be 5 feet
below the minimum at 435 feet. Itis not expected that this spacing shortfall of 5 feet
will create a safety issue.
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2)  Sight Distance:

Based on the observed 85% percentile speed limit of nearly 57 miles per hour on Ed
Shouse Drive and a standard policy of requiring 10 feet of sight distance per 1 mph of
speed, the required intersection sight distance would be 570 feet looking north and
south on Ed Shouse Drive at the intersection with the proposed Historic Middlebrook

Driveway. As stated earlier, it appears that this distance is available looking to the south

on Ed Shouse Drive from the
proposed location of the Historic
Middlebrook Driveway but is
potentially not available looking
towards the north due to

vegetation (trees) in the median

and the geometrics of Ed Shouse

e

Drive. Existing Vegetation in Median on Ed Shouse Drive

Since a large amount of heavy truck traffic will utilize this intersection and due to Ed
Shouse Drive being a 4-lane divided highway, sight distances will need to be discussed
turther. In TDOT Standard Drawing, RD01-SD-5, guidelines are established for
intersection sight distances for 4-lane divided highways. Sight distance requirements
for 4-lane divided highways are greater for left turn and crossing maneuvers due to the
longer travel distances required to traverse the additional lanes and median. The
TDOT standard drawing offers sight distance requirements based on the width of the
median, vehicle types, and design speeds. Based on a median width of 38.5 feet, a
design speed of 55 mph, and semi-trailer vehicles; this intersection would require a

sight distance of 1,220 feet according to the tables in the TDOT guidelines.

With the appropriate clearing of vegetation to the south of the proposed intersection
location and along the east side of Ed Shouse Drive, a sight distance of 1,220 feet is
achievable looking to the south. However, this sight distance length is not available to
the north. The TDOT guidelines provide shorter sight distance lengths for left-turning
vehicles if vehicles can pause mid-way in the median when the median is sufficiently
wide enough to contain the length of the vehicle (plus a minimum of 6 feet). For this
location, this is not available for any vehicles larger than passenger sized vehicles. The
median width on Ed Shouse Drive is 38.5 feet but a WB-67 design vehicle for this
development with a length of 73.5 feet is nearly double the available length. Since a
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WB-67 tractor-trailer would not be able to pause mid-way to complete a southbound
left turn towards Middlebrook Pike (SR 169) because of the insufficient median width,
the full sight distance requirement of 1,220 feet looking towards the north would need
to be available. A southbound left turn entering median lane is recommended as
remediation to this sight distance inadequacy and details of this lane are discussed in
the following sections. Nonetheless, it is recommended that the trees located in the
median on Ed Shouse Drive be removed in between the CSX Railroad overpass all the
way to the new median opening proposed for the Historic Middlebrook development
if possible. Itis not known if these trees are a part of a City of Knoxville landscaping
or beautification initiative that could make permission to remove difficult, but it should
be strongly considered due to the limits the vegetation will pose on sight distances
looking to the north from the new proposed Historic Middlebrook Driveway at Ed

Shouse Drive.

The sight distance from the Historic Middlebrook Driveway in both directions on Ed
Shouse Drive will need to be maintained in the future and must not be impacted by
tuture landscaping, existing vegetation, or road signage. The site designer should
ensure that this intersection is given the maximum amount of sight distance as possible

to provide clear unobstructed views.

3) Northbound Right Turn Entering Lane:

As discussed earlier in the report in the “Evaluation of Turn Lane Thresholds”, the
proposed Historic Middlebrook Driveway was evaluated, and it was estimated that a
separate right turn lane for northbound entering vehicles would not be required. This
is due to the low projected northbound right turns at the intersection. It is

recommended that the radius at this corner be a minimum of 50 feet but preferably

larger.
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4)  Southbound Left Turn Entering Median Lane:

As discussed earlier in the report in the “Evaluation of Turn Lane Thresholds”, the
proposed Historic Middlebrook Driveway was evaluated, and it was estimated that a
separate left turn lane for southbound entering vehicles would be required. Since the
development is proposing to close the existing median opening on Ed Shouse Drive
and constructing a new median opening further to the south for the new driveway; the
concept site design already showed the addition of a left turn lane for southbound

entering left turns into the development.

The concept design plan for the development shows a southbound left turn being
constructed in the divided grass median area with 270 feet of storage and a 240-foot
bay taper length for a total length of 510 feet. This total length of 510 feet is close to
the maximum available because of the CSX Railroad overpass located to the north on
Ed Shouse Drive.

TDOT’s Roadway Design Guidelines provides guidance for the design of turning lanes

at intersections and is based on AASHTO’s A Policy on Geometric Design of Highways and
Streets (Green Book). The TDOT guidelines (Table 2-3, pg. 2-38) states that for a
design speed of 55 mph; the deceleration length needed for a stop condition for grades
less than 3% would be 485 feet. However, the proposed location of the southbound
left turn lane on Ed Shouse Drive has an existing downgrade of 5%. Adjustment of
the deceleration length based on a steeper grade of 5% is offered in the Green Book
(6t Edition, Table 10-4) and this adjustment results in a total length of 655 feet (1.35
x 485 feet). In the TDOT guidelines it states that it is preferable to provide the entire
deceleration length for vehicles entering turning lanes; however, it also states that
providing the entire deceleration length in urban locations is not normally feasible.
Providing a total deceleration length of 655 feet at this location will not be possible due
to the constraints of the CSX Railroad overpass to the north on Ed Shouse Drive.
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The deceleration length to allow for
DEPARTURE TAPER J

CROSS
STREET

a vehicle to come to a complete stop
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I

in a turn lane can be summarized as »
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the sum of the bay taper plus the | — — — — ey

\

/
|
[
|
|
I
I

storage length of a turn lane. Bay

. . I APPROACH TAPER BAY STCRAGE I] (
tapers lengths are given in the TDOT ‘ "TAPER | LENGTH
. . Figure 2-15
guidelines by the formula: Tuming Lans Terminology

L =W*S§/3
Where, W = width of offset (lane) in feet

S = design speed in miles per hour

For an observed 85 percentile speed of 55 mph, left turn lane width of 12 feet; the
bay taper length calculates to be 220 feet for a left turn lane at this location. If the full
deceleration length of 655 feet was provided at this location for southbound left turns,
this would result in a storage length of 435 feet (655 feet — 220 feet) based on the
preferable standards.

With the physical constraints that would not allow for a storage length of 435 feet for
this turn lane, other TDO'T guidelines were used to establish a storage length for the
turn lane. TDOT Roadway Design Guidelines (Figure 2-17, pg. 2-42) provides a chart

to determine the storage length of left turn lanes on 4-lane highways at unsignalized
intersections based on level grades and vehicle volumes. Based on the projected left
turn traffic volumes at the intersection in the year 2025, the chart recommends a
storage length of 100 feet for the southbound left turn lane on Ed Shouse Drive
without considering the road grade. The guidelines also provide a means to calculate
longer storage lengths based on the percentage of heavy truck traffic in the turning
volume. As discussed eatlier, it is assumed 20% of traffic generated by the
development will be heavy truck traffic. Based on this percentage, Table 2-5 in the
guidelines recommends adding an additional 25 feet to the 100 feet from Figure 2-17
for a total storage length of 125 feet for the southbound left turn lane on Ed Shouse
Drive. This calculated length is less than the proposed storage length of 270 feet shown
on the concept plans for the Historic Middlebrook development.

Thus, based on the above calculations, the concept plans showing 270 feet of storage

with a 240-foot taper length (total of 510 feet) is recommended to be revised slightly.
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It is recommended that the taper length is reduced to 220 feet and the extra 20 feet of
distance be added to the storage length. This would result in a 220-foot taper with 290
feet of storage length with an overall length of 510 feet. While the desirable
deceleration length of 655 feet is not provided, it is deemed acceptable due to the
physical constraints on Ed Shouse Drive and this development existing in an urban

environment.

The southbound left turn entering median lane will need to have pavement markings
applied as shown in TDOT Standard Drawing T-M-4 to delineate the lane. For this
turn lane, with a storage length greater than 200 feet, three white left turn arrows will
need to be applied to the lane with a solid white line delineating the turn lane. Itis also
recommended that a dotted white line be applied to the pavement thru the length of
the bay taper as shown in the TDOT standard drawing,.

It is also recommended that the
new median opening for the new
intersection on Ed Shouse Drive
is designed similar to the median
opening at the intersection of Ed

Shouse Drive at Falconite Way.

Falconite Way is a road/driveway
, . SB Left _
that provides access to a United Entering United
. . Rental
Rentals business. This Lane entais
Driveway

intersection is located to the

WB Left
Exiting
Lane

north of the project site and just “Ttiangular”

south of  the signalized Depressed
Island

intersection of Ed Shouse Drive
at Western Avenue (SR 62). The

median opening at Falconite Way

Ed Shouse Drive at Falconite Way

separates left turning movements in the median with a triangular-shaped depressed
island. It is recommended that the new median opening for Historic Middlebrook be
constructed in a similar manner to help separate the left turning movements at the

intersection and restrict thru motorists on Ed Shouse Drive from attempting u-turn

maneuvers.
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It is recommended that the new median opening be constructed with a depressed grass
island in a triangular shape that outlines the intended paths in the median for the left
turn movements at the intersection. The lane pavement and markings will need to be
laid out to accommodate vehicles up to a WB-67 truck. The new median opening
width and left turn lanes will require radii suitable for WB-67 trucks to traverse without

wheels off-tracking into the grass island or median.

The southbound left turn entering lane should be constructed with a 24” white stop
bar at the end and in advance of the northbound lanes of Ed Shouse Drive. The
southbound left turn entering lane should also have a Do Not Enter Sign (R5-1) facing
the exiting westbound left turn lane at the Historic Middlebrook Driveway. It is also
recommended that in advance of this new median opening, No U-Turn Signs (R3-4)

be installed facing northbound and southbound traffic on Ed Shouse Drive.
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5)  Southbound Left Turn Exiting Median Acceleration Lane:

Due to the limited sight distance available looking to the north from the proposed
Historic Middlebrook Driveway and the insufficient width of the existing median for
heavy trucks on Ed Shouse Drive, it is recommended that a left turn exiting acceleration
lane be provided in the median of Ed Shouse Drive. Providing an acceleration lane
will allow westbound left turn vehicles to cross the northbound 2 lanes of traffic of Ed
Shouse Drive, accelerate for a distance, and merge into the southbound traffic stream.
Vehicles could merge at higher speeds, reduce westbound left turn delays at the
intersection, reducing the potential for right angle traffic crashes. With high volumes
on Ed Shouse Drive and limited gaps in traffic flow, this lane will allow for heavy trucks
to cross the northbound lanes of Ed Shouse Drive with a sufficient median refuge area
to complete left turn movements without waiting for suitable gaps in the northbound

and southbound traffic flows simultaneously.

The centerline distance in between the new median opening at the proposed Historic
Middlebrook Driveway and the existing median opening to the south at the KUB
driveway is approximately 435 feet. The actual available distance in between the two
median openings is only 350 feet when the widths of the median openings themselves

are included.

Median acceleration lanes are not specifically detailed in Knox County or City of
Knoxville design guidelines. For auxiliary lanes, Knox County states that ‘left-turn
acceleration lanes may be permitted when a need based on safety and capacity
considerations has been documented in a traffic access and traffic impact study report
and the provision of a lane has been recommended as an appropriate mitigating

measure.”

TDOT also does not provide specific design policies for median acceleration lanes but
is assumed to follow general guidelines for acceleration lanes based on the AASHTO
Green Book. The AASHTO Green Book offers tables to determine acceleration lane
lengths based on design speeds and grades. For a highway design speed of 55 mph, a
5% downgrade (with a reduction of 0.525), assuming an initial speed of 15 mph for left
turning vehicles entering the median acceleration lane; the desirable acceleration lane
length is calculated to be 472.50 feet. This distance does not include a bay taper length.

Assuming an acceleration lane design with a 12:1 bay taper length and a 12’ acceleration
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lane width, the overall taper length would be 144 feet. With an available length of only
350 feet, this would leave the theoretical remaining length in between the two median
openings to be 206 feet (350 feet - 144 feet) for a full-width storage/acceleration lane.
However, once vehicle turning radii are considered in the design, it is expected that the
full-width storage/acceleration lane length will be less than 206 feet. The designer
should maximize the available storage/acceleration lane length to fit in between the

proposed intersection and the existing median opening located to the south for KUB.

It is recommended that the left

| -
turn median acceleration lane be [= =]
»

constructed with a parallel design. [-* —

While the physical constraints do

Parallel Design

not allow for a fully optimized

acceleration lane length, providing the maximum possible length will be beneficial. A
median acceleration lane will provide a mid-way refuge, will allow some distance for
vehicles to reach speeds close to thru vehicle speeds, and merge into the traffic stream

heading southbound on Ed Shouse Drive.

Road signage is recommended to be installed on Ed Shouse Drive to provide proper
warning to southbound thru traffic. A Merge Sign (W4-1L) for southbound thru
motorists should be installed in advance of the southbound median acceleration lane
on the east side of Ed Shouse Drive in the median’s new depressed triangular island.
The sign should be installed where it will not interfere with the view of traffic entering

the roadway and should be installed with a break-away post design.

Historic Middlebrook
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6) Westbound Right Turn Exiting Acceleration Lane:

It is recommended that a right turn exiting acceleration lane be provided for vehicles
heading north towards Western Avenue (SR 62). Itis projected that most of the traffic
generated by the development will exit to the north including a high percentage of
heavy trucks. The proposed entrance for Historic Middlebrook will be located on Ed
Shouse Drive where the road towards the north has a 5% upgrade. Without an
acceleration lane, this grade would provide a significant challenge for heavy trucks to
find acceptable gaps in northbound traffic, while starting from a stop and accelerating
uphill towards Western Avenue (SR 62). The distance between the proposed Historic
Middlebrook Driveway and Western Avenue (SR 62) is approximately 1,700 feet.

The AASHTO Green Book offers tables to determine acceleration lane lengths based
on design speeds and grades. For a highway speed of 55 mph, a 5% upgrade (with a
factor increase of 1.8), and assuming an initial speed of 15 mph for right turning
vehicles entering the acceleration lane; the desirable acceleration lane length is

calculated to be 1,620 feet. This distance does not include a bay taper length.

The CSX Railroad overpass on Ed Shouse Drive is approximately 600 feet to the north
from the proposed Historic Middlebrook Driveway. Assuming an acceleration lane
design with a 12:1 bay taper length and a 12’ acceleration lane width, the overall taper
length would be 144 feet. With an available length of only 600 feet, this would leave a
remaining length of approximately 456 feet (600 feet - 144 feet) for a full-width
storage/acceleration lane. However, once vehicle turning radii are considered in the
design, it is expected that the full-width storage/acceleration lane length will be less
than 456 feet. The designer should maximize the available storage/acceleration lane
length to fit in between the proposed intersection and the existing railroad overpass

located to the north on Ed Shouse Drive.

It is recommended that the right turn acceleration lane be constructed with a parallel
design. While the physical constraints do not allow for a fully optimized acceleration
lane length, providing the maximum possible length will be beneficial. An acceleration
lane will allow some distance for vehicles to reach speeds closer to thru speeds and
merge into the traffic stream heading northbound on Ed Shouse Drive. It is not
expected that exiting merging vehicles from the development will need to reach the

85t percentile speed of nearly 55 mph since northbound thru motorists on Ed Shouse
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Drive are most likely decelerating as they approach the influence of the signalized
intersection at Western Avenue (SR 62). The observed back-ups on Ed Shouse Drive
from the signalized intersection at Western Avenue (SR 62) during the afternoon may
cause brief blocking of exiting vehicles out of the development on the acceleration lane,

but these impacts would be temporary in nature.

It is recommended that the intersection of Ed Shouse Drive at the proposed Historic
Middlebrook Driveway be constructed with a depressed grass island that separates the
exiting westbound left turn lane and right turn lane. This island should be marked as
shown in TDOT Standard Drawing T-M-3. The westbound right turn lane should be
provided a large enough radius for vehicles to have an initial speed that would allow
for the largest merging downstream speed as possible. Providing too small of a radius
could cause truck drivers seeing the impending 5% road grade and attempt to enter the

curve at speeds high enough to cause roll-over crashes.

Installation of road signage is recommended to provide proper warning to northbound
thru traffic on Ed Shouse Drive. A Merge Sign (W4-1R) should be installed in advance
of the acceleration lane on the east side of Ed Shouse Drive in the new depressed
triangular island at the intersection for northbound thru motorists. The sign should
also be installed where it will not interfere with the view of traffic entering the roadway

with a break-away post design.

To avoid northbound thru motorists mistaking the right turn acceleration lane as an
additional through lane towards Western Avenue (SR 62), it is recommended that a
white pavement marking lane line be applied with a broken white line in the tapered
section as shown in TDOT Standard Drawing T-M-6 for parallel acceleration lanes. It
is also recommended that a white lane reduction arrow be installed in this acceleration
lane to notify motorists of the requirement to merge, also notifying to northbound thru

motorists that this lane does not continue on Ed Shouse Drive past the CSX Railroad

overpass.
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7) Traffic Signalization:

This proposed intersection was examined with the projected 2025 traffic volumes with

respect to traffic signal warrants.

The Manual on Uniform Traffic Control Devices — 2009 Edition (MUTCD) presents

9 different warrants that have been developed by the traffic engineering profession to

determine whether a traffic signal is warranted. These warrants cover a broad range of
minimum elements required to indicate whether a traffic signal is justified for any
particular location. These elements consist of traffic volumes, pedestrian volumes,
crash history, and other factors. The MUTCD explicitly states that a traffic control
signal should not be installed unless one or more of the signal warrants in the manual
are met. However, the satisfaction of a warrant does not entirely in itself justify the
need for a traffic signal. Sometimes further engineering studies and judgments also
need to be applied before justifying the need for the installation of a traffic signal.
These further studies are a very important step in ensuring that installation of a traffic

signal will not actually bring about degradations in safety and efficiencies.

The MUTCD defines 9 different warrants, two of which are potentially applicable to

this intersection at this time and are explained below:

= Warrant 1, Eight-Hour Vehicular Volume:

Warrant 1 is comprised of 2 conditions — A and B. The Minimum Vehicular Volume,
Condition A, is intended for application where the volume of intersecting traffic is the
principal reason for consideration of signal installation. The Interruption of
Continuous Traffic, Condition B, is intended for application at locations where
Condition A is not satisfied and where the traffic volume on a major street is so heavy
that traffic on a minor intersecting street suffers excessive delay or conflict in entering

or crossing the major street.

= Warrant 2, Four-Hour Vehicular Volume:
The Four-Hour Vehicular Volume signal warrant conditions are intended to be applied
where the volume of intersecting traffic is the principal reason to consider installing a

traffic control signal.
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The intersection of Ed Shouse Drive at the proposed Historic Middlebrook Pike
Driveway was evaluated for possible justification for a traffic signal based on the
MUTCD Warrants listed above and the projected 2025 traffic count volumes. The
Historic Middlebrook Driveway was used as the minor side street for the warrant
analysis and Ed Shouse Drive was the major street. The analysis shows that this
intersection does not meet Warrant 1 or 2 in the projected 2025 conditions. The results
of the traffic signal warrant assessment at this proposed intersection for the projected

volumes of 2025 are in Appendix J.

8)  Projected Queue Length Analysis:

As part of the analysis of the intersection, the projected queue lengths were calculated.
To estimate the projected queue length, SimTraffic (Version 8) software was employed.
SimTraffic performs micro-simulation and animation of vehicular traffic and calculates
various vehicle parameters such as intersection vehicle queue lengths. Based on the
projected volumes during the AM and PM peak hours, the maximum queue lengths
were calculated. The calculated queue results were based on averaging the outcome
obtained during 10 traffic simulations. The queue results from the SimTraffic software

are in Appendix K.

The results shown in the Appendix indicate that the maximum queue length for the
southbound left turn was calculated to be 95 feet and the maximum for the westbound
left turn lane was calculated to be 69 feet during the projected peak hours in the year
2025. The proposed storage length of the southbound left turn lane is 290 feet and the
queues formed by the generated traffic should be contained well within the designed
storage lane length. The westbound left turn lane at the Historic Middlebrook
Driveway is recommended to have a minimum storage length of 75 feet. With separate
westbound left and right turn lanes being proposed for the development at this

intersection, this minimum length should be readily attainable.
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9 Historic Middlebrook Internal Development: The layout plan shows a single

roadway being constructed for the development as shown in Figure 3.

= It is recommended that a Speed Limit 25 (mph) Sign (R2-1) be posted on the
proposed Historic Middlebrook Driveway just to the east of the intersection of
Ed Shouse Drive for vehicles traveling into the development. For all internal
intersections, the sight distance must meet AASHTO guidelines for a 25-mph

speed limit.

L

A Stop Sign (R1-1) and a 24” white stop bar should be installed at the
westbound exiting left turn lane at Ed Shouse Drive. The stop bar should be
located outside the path of where heavy truck traffic will be turning left into the

development.

= A Double Arrow Sign (W12-1) should be installed at the approach end of the
depressed island for vehicles exiting westbound out of the development towards
Ed Shouse Drive. This will notify drivers that they are permitted to travel to
cither side of the island based on their direction of travel either to the north or
south. Left and right white turn arrows should be applied on the pavement in

advance of the depressed grass island for vehicles traveling westbound towards
Ed Shouse Drive.

= Sight distance at the new internal intersections and parking lots must not be
impacted by new signage, future landscaping, or parked vehicles. For a posted
15 mph speed limit for the internal development, the internal intersection sight
distance requirement is 150 feet. The design engineer should ensure that these

sight distance lengths are met.

= All road grade and intersection elements internally and externally should be
designed to AASHTO, TDOT, and City of Knoxville Engineering

specifications and guidelines to ensure proper operation.

= The sidewalks that are proposed for the development should have appropriate

ADA compliant curbed ramps at the intersection corners.
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10)  Summary of Recommendations:

A summary of the major recommendations for the Historic Middlebrook
Development are provided in the following list and a rough intersection concept plan

showing many of these recommendations is shown in Figure 9.

° It is recommended that the trees located in the median on Ed Shouse Drive be
removed in between the CSX Railroad overpass all the way to the new median

opening proposed for the Historic Middlebrook development.

) A separate northbound right turn entering lane is not required but the radius at

this corner be a minimum of 50 feet but preferably larger.

o The new median opening on Ed Shouse Drive for the Historic Middlebrook
Driveway should be constructed with a triangular-shaped depressed grass island
that outlines the intended paths with adequate dimensions for vehicles up to the

size of a WB-67 tractor-trailer truck. The depressed grass island should have

minimal vertical grade changes in the interior of the island. It is

recommended that in advance of this new median opening, No U-

Turn Signs (R3-4) be installed facing northbound and southbound [~ =77

traffic on Ed Shouse Drive. Appendix L includes truck turning
templates that show the design paths for trucks entering and exiting the

development.

o A southbound left turn entering median lane should be constructed with a bay
taper of 220 feet and a storage length of 290 feet. The lane should be marked
as shown in TDOT Standard Drawing T-M-4 with a white lane line, dotted
white lane line, and white left turn arrows. The end of this left turn lane should
be marked with a 24” white stop bar in advance of the northbound thru lanes
of Ed Shouse Drive. This will provide guidance to left turning motorists as to
the proper stopping point in the median opening when waiting for a suitable

gap in the oncoming northbound thru traffic on Ed Shouse Drive. A Do Not

Enter Sign (R5-1) sign should be installed at the end of this lane in

the median and facing the westbound left turn lane of the Historic

Middlebrook Driveway to warn motorists to not enter the | ps;

southbound left turn entering lane.
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o A southbound left turn exiting median acceleration lane should be constructed
with an ending bay taper of 144 feet. The designer should maximize the
available storage/acceleration lane length to fit in between the proposed
intersection and the existing median opening located to the south for

KUB. The lane should be striped as shown in TDOT Standard @
Drawing T-M-6 for parallel acceleration lanes. A Merge Sign (W4-

11) should be installed in the triangular-shaped depressed median | V4!

grass island at the proposed intersection in advance of the median acceleration

lane for southbound thru mototists on Ed Shouse Drive.

o A westbound right turn exiting acceleration lane should be constructed with an
ending bay taper of 144 feet. The designer should maximize the available
storage/acceleration lane length to fit in between the proposed intersection and
the existing railroad overpass located to the north on Ed Shouse Drive. The
lane should be striped as shown in TDOT Standard Drawing T-M-6 for parallel
acceleration lanes. A triangular-shaped depressed grass island should be
constructed on the east side at the intersection of Ed Shouse Drive at the
proposed Historic Middlebrook Driveway that separates westbound left and

right turns. The depressed grass island should have minimal vertical grade

changes in the interior of the island. A Merge Sign (W4-1R) should :

be installed in the triangular-shaped depressed island in advance of the

acceleration lane for northbound thru motorists on Ed Shouse Drive.

W4-1R

It is also recommended that a white lane reduction arrow be installed
in this lane to notify motorists of the requirement to merge and to also notify
northbound thru motorists that this lane does not continue on Ed 