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Executive Summary 

Shady Glen, LLC proposes a residential development with apartments and single family 
homes.  The project is located at 10105 Hardin Valley Road near the intersection of 
Hardin Valley Road and Westcott Boulevard in West Knox County, Tennessee.  The 
development will consist of 248 apartment units and 170 single family homes.  
Construction is proposed to take place this year and this study assumes full build out for 
the development will occur in 2018.   
 
The public street for the proposed development will tie into Hardin Valley Road 805-ft 
east of the intersection of Hardin Valley Road and Westcott Boulevard. The proposed 
lane configuration is a right and left turn lane out of the development.   
 
In order to maintain or provide an acceptable level-of-service for each of the 
intersections studied, some recommendations are presented. 
 
Hardin Valley Road @ Project Entrance 
An eastbound right turn lane is warranted at the intersection of Hardin Valley Road and 
the proposed project entrance.  This warrant is met only during the PM peak hour due 
to the high volume of traffic on Hardin Valley Road.  For a right turn lane on an arterial 
road the AASHTO “A Policy on Geometric Design of Highways and Streets” 
recommends the installation of a minimum 100-ft right-turn taper and a minimum 
storage length of 50-ft.  
 
A westbound left turn lane is warranted at the intersection of Hardin Valley Road and 
the proposed project entrance.  The existing left turn lane has a taper length of 175-ft 
and a storage length of 100-ft.  
 
Signal Warrants 1 eight-hr vehicular volume, 2 four-hr vehicular volume and 3 peak 
hour were all met after the full build out of the Hardin Valley Subdivision.  It was 
determined that the Hardin Valley Subdivision will not meet Warrant 2 until it reaches 
60% build out and it will not meet Warrant 3 until it reaches 75% build out. FMA 
recommends that the need for a signal at the project entrance be re-evaluated after the 
Hardin Valley Subdivision reaches 75% build out.  
 
Hardin Valley Road @ Westcott Boulevard 
The intersection is expected to operate at a LOS D during the AM peak hour and a LOS 
C during the PM peak hour after the completion of the Hardin Valley Subdivision.  FMA 
recommends that the signal timing at this intersection be monitored.    
 
Hardin Valley Road @ Ball Camp Byington Road 
The intersection is expected to operate at a LOS D after the completion of the Hardin 
Valley Subdivision.  FMA recommends that the signal timing at this intersection be 
monitored.    
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1 Introduction 

1.1 Project Description 

This report provides a summary of a traffic impact study that was performed for the 
proposed Hardin Valley Subdivision on Hardin Valley Road.  The project site is 
located east of Pellissippi Parkway (Highway 162) near the intersection of Hardin 
Valley Road and Westcott Boulevard in west Knox County.  The location of the site 
is shown in Figure 1. 
 
The proposed Hardin Valley Subdivision will consist of 170 single family lots and 
248 apartment units.  Full Buildout is expected to occur within three years, or by 
the year 2018.  The proposed site layout is shown in Figure 2. 
 
The purpose of this study is to evaluate the impacts to the traffic conditions caused 
by the development of the proposed subdivision.   

1.2 Existing Site Conditions 

The proposed subdivision site access will tie into Hardin Valley Road approximately 
805 feet east of the signalized intersection of Hardin Valley Road and Westcott 
Boulevard and approximately 2,035 feet west of the signalized intersection of 
Hardin Valley Road and Ball Camp Byington Road.  There are existing eastbound 
and westbound left turn lanes from Hardin Valley Road at the proposed project 
entrance.  Both have approximately 100-ft in storage length and have a 175-ft taper 
length. 
 
During a site visit it was determined that Hardin Valley Road is a four-lane road 
with a 16-ft raised median at the proposed project entrance.  The Knoxville-Knox 
County Metropolitan Planning Commission classifies Hardin Valley Road as a minor 
arterial per the Major Road Plan.  The posted speed limit on Hardin Valley Road is 
45 mph.  The intersection sight distance at the proposed public street was measured 
to be in excess of 450-ft east and west of the intersection.  
 
Westcott Boulevard is a three-lane road with a two-way left turn lane and has a 
posted speed limit of 30 mph. The Knoxville-Knox County Metropolitan Planning 
Commission classifies Westcott Boulevard as a major arterial per the Major Road 
Plan.    
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Ball Camp Byington Road is a two-lane road and has a posted speed limit of 35 
mph. The grade on the southbound approach of Ball Camp Byington Road is 4%.  
The Knoxville-Knox County Metropolitan Planning Commission classifies Ball Camp 
Byington Road as a major collector from Byington Beaver Ridge Road to Hardin 
Valley Road and as a minor arterial from Hardin Valley Road to Middlebrook Pike 
per the Major Road Plan.    

2 Existing Traffic Volumes 

FMA conducted an eight-hour turning movement count at the intersection of Hardin 
Valley Road and Westcott Boulevard on Wednesday, May 13, 2015 and at the 
intersection of Hardin Valley Road and Ball Camp Byington Road on Thursday May 
14, 2015. CDM Smith, Inc. conducted a five-hour turning movement count at the 
intersection of Hardin Valley Road and Westcott Boulevard on May 7, 2014.  The 
existing volume including the AM and PM peak hour traffic volumes at the count 
locations are shown in Figure 3 and the count data collected is included in 
Attachment 1.  Because the counts were taken on three separate days the 
intersection volumes shown in Figure 3 do not correlate between intersections.  
 
The current AM peak hour, and PM peak hour were determined using the eight-
hour turning movement count that FMA conducted.  The AM peak hour occurred 
between 7:15 am and 8:15 am and the PM peak hour occurred between 5:00 pm 
and 6:00 pm. 
 
The FMA turning movement count was conducted after Pellissippi State Community 
College (PSTCC) located nearby on Hardin Valley Road completed the spring 
semester on May 2, 2015.  In order to adjust for the PSTCC traffic the two counts at 
the intersection of Hardin Valley Road and Westcott Boulevard were compared. 
First a 4% annual growth rate was applied to the CDM Smith traffic count data from 
2014 to 2015.  It was determined that PSTCC increased traffic 16% during the AM 
peak hour and 32% during the PM Peak hour.  The global growth rate of 16% 
during the AM Peak and 32% during the PM peak hour was applied to the existing 
traffic conditions for both the intersections of Hardin Valley Road and Westcott 
Boulevard and Hardin Valley Road and Ball Camp Byington Road.  The results are 
shown in Figure 4.   
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3 Background Growth 

The Tennessee Department of Transportation (TDOT) maintains count Station 
#000088 on Middlebrook Pike (SR 169) near Ball Camp Pike.  The annual traffic 
growth rate for Station #000088 between 2010 and 2013 is approximately 3.56%.   
 
TDOT also maintains count Station #000086 on Ball Camp Byington Road north of 
Ball Camp Road (SR 131).  The annual traffic growth rate for Station #000086 
between 2003 and 2013 is approximately 2.15%.  
 
The Knoxville-Knox County Metropolitan Planning Commission (MPC) and the 
Transportation Planning Organization (TPO) maintains count station M381 on 
Hardin Valley Road east of Schaeffer Road and count station M360 on Westcott 
Boulevard north of Hardin Valley Road.  The annual traffic growth rate for Station 
M381 between 2010 and 2013 is approximately 3.57% and the annual traffic 
growth rate for Station M360 between 2010 and 2013 is approximately 3.71%. 
 
For the purpose of this study, an annual growth rate of 4% for traffic at the 
intersections of Hardin Valley Road and Westcott Boulevard and Hardin Valley 
Road and Ball Camp Byington Road were assumed until full occupancy is reached 
in 2018.   
 
Attachment 2 shows the trend line growth charts for the TDOT count stations and 
for the MPC/TPO count stations.  Figure 5 demonstrates the projected future peak 
hour volumes at the intersections after applying this background growth rate to the 
existing conditions.  
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4 Trip Generation and Trip Distribution 

The Trip Generation, 7th  Edition, published by the Institute of Transportation 
Engineers, was used to estimate volumes based on locally gathered trip generation 
data.  The Knoxville-Knox County Metropolitan Planning Commission published a 
memorandum (“Local Trip Generation Rates for Multi-Family Residential Uses”, 
August 14, 2000, contained in Attachment 3) for the purpose of providing locally 
collected data for all multi-family residential developments.  The fitted curve 
equations from the local study were used to calculate site trips.  
 
The total number of trips generated by the proposed Hardin Valley Subdivision 
Apartments was estimated to be 2,159 daily trips.  During the peak hour the 
estimated trips are 124 trips during the AM peak hour and 176 trips during the PM 
peak hour.   
 
Single-Family Detached Housing or Land Use 210 was used to calculate site trips 
for the proposed single family housing using the fitted curve equation from The Trip 
Generation, 7th  Edition, published by the Institute of Transportation Engineers.  The 
land use worksheets are included in Attachment 3.    
 
The total number of trips generated by the proposed single family housing was 
estimated to be 1,694 daily trips. During the peak hour the estimated trips are 128 
trips during the AM peak hour and 173 trips during the PM peak hour.  A trip 
generation summary is shown in Table 4-1. 
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Table 4-1 
Trip Generation Summary 

 
Hardin Valley Subdivision Apartments 

Rates for Local Apartment Trip Generation Study 
 

         Total New        % Entering        %Exiting  Number            Number 
              Trips                                                Entering            Exiting 
 
Weekday  2159  50  50              1080    1080 
A.M. Peak   124  22  78      27       97 
P.M. Peak   176  55  45      97       79 
 

Single-Family Detached Housing 
(Land Use 210) 

 
         Total New        % Entering        %Exiting  Number            Number 

              Trips                                                Entering            Exiting 
 
Weekday  1694  50  50                 847     847 
A.M. Peak    128  25  75       32       96 
P.M. Peak    173  63  37     109       64 
 
 

 
The total number of trips for the Hardin Valley Subdivision was estimated to be 
3,853 daily trips.  
 
The directional distribution of the traffic generated by the proposed Hardin Valley 
Subdivision was determined using the traffic data collected for the existing 
conditions.  The typical weekday traffic pattern is for traffic to flow heavier in one 
direction in the morning peak period and then for the traffic to be heavier in the 
opposite direction during the evening peak period.  Hardin Valley Road at Westcott 
Boulevard had a trip distribution of 50% Eastbound and 50% Westbound during the 
AM peak hour and 70% Eastbound and 30% Westbound during the PM peak hour.  
Westcott Boulevard had a trip distribution of 85% Westbound right turns and 15% 
Eastbound left turns during the AM peak hour and 75% Westbound right turns and 
25% Eastbound left turns during the PM peak hour.  The trip distribution for the 
Hardin Valley Subdivision is shown in Figure 6 and Figure 7.  
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Using the existing trip distribution the trips generated from the Hardin Valley 
Subdivision Apartments are shown in Figure 8 and the trips generated from the 
Hardin Valley Subdivision Single Family Housing are shown in Figure 9.  Figure 10 
shows the combined peak hour traffic from the background growth and the full 
build out of the Hardin Valley Subdivision.  

 

5 Projected Capacity and Level of Service 

Unsignalized intersection capacity analyses were performed for the AM and PM 
peak hours to evaluate the traffic conditions at the intersection of Hardin Valley 
Road and the proposed project entrance.   
 
Signalized intersection analyses were performed for the AM and PM peak hours to 
evaluate traffic conditions at the intersections of Hardin Valley Road and Westcott 
Boulevard and Hardin Valley Road and Ball Camp Byington Road. Signal timing 
information was provided by Knox County and can be found in Attachment 4.  The 
signal timing was optimized for each scenario using the Highway Capacity Software 
(HCS 2010) which is based on the 2010 Highway Capacity Manual.     
 
Based on observations made in the field right turning movements were estimated 
based on a percentage of the total peak hour volume.  At the intersection of Hardin 
Valley Road and Westcott Boulevard the southbound traffic had 33% and the 
westbound traffic had 25% of vehicles turning right on red.  At the intersection of 
Hardin Valley Road and Ball Camp Byington Road the southbound traffic had 20% 
and westbound traffic had 15% of vehicles turning right on red.       
 
The results from the analyses are measured with a term “level of service” (LOS), 
which is based on the amount of delay experienced at the intersection.  The LOS 
index ranges from LOS A, indicating excellent traffic conditions with minimal delay, 
to LOS F indicating very congested conditions with excessive delay.  LOS D 
generally is considered the minimum acceptable condition in urban areas.  Table 5-
1 shows the results of the capacity analyses. 
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Table 5-1 

Intersection Analysis  
Level of Service (LOS) Summary 

 
    Delay (sec)/LOS  

 
Hardin Valley Road @ Westcott Boulevard (Existing 2015) 

 
AM Peak   Intersection 26.7 / C 
      
PM Peak   Intersection 11.8 / B 
      

Hardin Valley Road @ Ball Camp Byington Road (Existing 2015) 
 
AM Peak   Intersection  27.5 / C 
      
PM Peak   Intersection 27.6 / C 
 

Hardin Valley Road @ Westcott Boulevard (Background Growth 2018) 
 

AM Peak   Intersection 41.2 / D 
 

PM Peak   Intersection 14.8 / B 
 

Hardin Valley Road @ Ball Camp Byington Road (Background Growth 2018) 
 
AM Peak   Intersection 39.5 / D 
      
PM Peak   Intersection 37.4 / D 
      

Hardin Valley Road @ Project Entrance (Background Growth + Full Buildout 2018) 
 
AM Peak   WB L   9.1 / A 
    NB L  36.5 / E 
    NB R  10.3 / B 
  
PM Peak   WB L  18.7 / C 
    NB L  210.9 / F 
    NB R  16.1 / C 
 

Hardin Valley Road @ Westcott Boulevard (Background Growth + Full Buildout 2018) 
 
AM Peak   Intersection 45.7 / D 
      
PM Peak   Intersection 16.6 / B 
      

 
 
 
 



Hardin Valley Subdivision 
Traffic Impact Study 

 August 24, 2015 
 

 
Page 21 

 

Hardin Valley Road @ Ball Camp Byington Road (Background Growth + Full Buildout 2018) 
 
AM Peak   Intersection 36.3 / D 

 
PM Peak   Intersection 40.2 / D 
 
 
 

6 Turn Lane Warrant Analysis 

The intersection of Hardin Valley Road and the Project Entrance was evaluated to 
determine if an eastbound right turn lane or a westbound left turn on Hardin Valley 
Road was warranted.  The Knox County Department of Engineering and Public 
Works handbook, “Access Control and Driveway Design Policy,” was used to 
analyze the information.  An eastbound right turn lane on Hardin Valley Road is 
warranted during the PM peak hour.  A westbound left turn on Hardin Valley Road 
is warranted during both the AM and PM peak hours. The turn lane warrant 
worksheets and analysis are included in Attachment 8. 
 

7 Signal Warrant Analysis 

The intersection of Hardin Valley Road and the proposed project entrance was 
evaluated to determine if signalization was warranted for the proposed traffic 
generated by the Hardin Valley Subdivision.  Warrants for traffic signals can be 
found in Chapter 4C of the 2003 Manual on Uniform Traffic Control Devices 
(MUTCD), published by the Federal Highway Administration (FHWA).  There are 
three volume-based warrants that were evaluated.  
 

 Warrant 1, Eight-Hour Vehicular Volume  

 Warrant 2, Four-Hour Vehicular Volume 

 Warrant 3, Peak Hour  

Signal Warrants 1 eight-hr vehicular volume, 2 four-hr vehicular volume and 3 peak 
hour were all met after the full build out of the Hardin Valley Subdivision.  It was 
determined that the Hardin Valley Subdivision will not meet Warrant 2 until it 
reaches 60% build out and it will not meet Warrant 3 until it reaches 75% build 
out.  The signal warrant worksheet is included in Attachment 9.   
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8 Conclusions and Recommendations 

8.1 Hardin Valley Road @ Westcott Boulevard 

The intersection of Hardin Valley Road and Westcott Boulevard currently operates 
at a LOS C during the AM peak hour and a LOS B during the PM peak hour.  The 
intersection is expected to operate at a LOS D during the AM peak hour and a LOS 
B during the PM peak hour after the completion of the Hardin Valley Subdivision.  
All approaches will continue to operate at an acceptable LOS except the Westcott 
Boulevard southbound right turning movement which will operate at a LOS F both 
before and after the completion of the Hardin Valley Subdivision.  FMA 
recommends that the signal timing at this intersection be monitored.    
 

8.2 Hardin Valley Road @ Project Entrance 

Hardin Valley Road is classified as a minor arterial. The minimum intersection 
spacing required for an arterial is 400-ft per the “Minimum Subdivision Regulations” 
for Knoxville and Knox County.  The nearest road intersection to the project 
entrance is currently 650-ft east at the intersection of Hardin Valley Road and 
Windflower Way. This intersection exceeds the typical minimum separation of 400 
feet between roads on an arterial; therefore, no change is necessary.   
 
An eastbound right turn lane is warranted at the intersection of Hardin Valley Road 
and the proposed project entrance.  This warrant is met only during the PM peak 
hour due to the high volume of traffic on Hardin Valley Road.  For a right turn lane 
on an arterial road the AASHTO “A Policy on Geometric Design of Highways and 
Streets” recommends the installation of a minimum 100-ft right-turn taper and a 
minimum storage length of 50-ft.  
 
A westbound left turn lane is warranted at the intersection of Hardin Valley Road 
and the proposed project entrance.  The existing left turn lane has a taper length of 
175-ft and a storage length of 100-ft.  The Unsignalized intersection capacity 
analyses show a 95% queue length for the westbound left turning movement of less 
than one car length during both the AM and PM peak hours; therefore the existing 
storage length will be adequate.  
 
The minimum required sight distance for a road with a posted speed limit of 45 
mph is 450 feet in each direction in accordance with the “Minimum Subdivision 
Regulations” for Knoxville and Knox County.  The existing intersection of Hardin 
Valley Road and the project entrance has a measured sight distance that exceeds 
450-ft east and west of the intersection, which meets the requirement.  FMA 
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recommends any necessary landscaping that may be involved to maintain this sight 
distance and continue to comply with Knox County Engineering & Public Works.   
 
The Northbound approach of the proposed intersection of Hardin Valley Road and 
the Project Entrance is expected to operate at a LOS E during the AM peak hour and 
a LOS F during PM peak hour after the completion of the Hardin Valley 
Subdivision.  The proposed lane configuration is a right and left turn out of the 
subdivision.   
 
Signal Warrants 1 eight-hr vehicular volume, 2 four-hr vehicular volume and 3 peak 
hour were all met after the full build out of the Hardin Valley Subdivision.  It was 
determined that the Hardin Valley Subdivision will not meet Warrant 2 until it 
reaches 60% build out and it will not meet Warrant 3 until it reaches 75% build 
out.  FMA recommends that the need for a signal at the project entrance be re-
evaluated after the Hardin Valley Subdivision reaches 75% build out. 
 

8.3 Hardin Valley Road @ Ball Camp Byington Road 

The intersection of Hardin Valley Road and Ball Camp Byington Road currently 
operates at a LOS C during both the AM and PM peak hours. The intersection is 
expected to operate at a LOS D during both the AM and PM peak hours after full 
buildout of the Hardin Valley Subdivision.  All approaches will continue to operate 
at an acceptable LOS except the Ball Camp Byington Road southbound left turning 
movement which will operate at a LOS F both before and after the completion of 
the Hardin Valley Subdivision.  FMA recommends that the signal timing at this 
intersection be monitored.    
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Attachment 1
Traffic Counts

Project:  Hardin Valley Subdivision
Date Conducted:  5/13/2015

Left Thru Total Thru Right Total Left Right Total Int. Total
7:00 AM 54 71 125 120 7 127 13 63 76 328
7:15 AM 83 79 162 171 21 192 9 100 109 463
7:30 AM 98 91 189 184 16 200 18 130 148 537
7:45 AM 137 103 240 180 29 209 23 108 131 580

Total 372 344 716 655 73 728 63 401 464 1908

8:00 AM 81 118 199 192 17 209 15 95 110 518
8:15 AM 54 103 157 169 16 185 19 70 89 431
8:30 AM 39 90 129 130 10 140 12 58 70 339
8:45 AM 32 78 110 114 13 127 11 48 59 296

Total 206 389 595 605 56 661 57 271 328 1584

11:00 AM 31 71 102 87 6 93 11 50 61 256
11:15 AM 32 80 112 64 7 71 17 60 77 260
11:30 AM 40 84 124 81 7 88 23 88 111 323
11:45 AM 55 97 152 74 10 84 10 78 88 324

Total 158 332 490 306 30 336 61 276 337 1163

12:00 PM 53 91 144 94 10 104 17 68 85 333
12:15 PM 42 103 145 85 9 94 15 58 73 312
12:30 PM 59 88 147 100 14 114 13 37 50 311
12:45 PM 56 90 146 72 21 93 11 39 50 289

Total 210 372 582 351 54 405 56 202 258 1245

2:00 PM 34 93 127 84 8 92 9 39 48 267
2:15 PM 47 94 141 107 8 115 8 37 45 301
2:30 PM 48 102 150 76 8 84 12 52 64 298
2:45 PM 51 110 161 76 9 85 14 52 66 312

Total 180 399 579 343 33 376 43 180 223 1178

3:00 PM 49 99 148 58 12 70 15 52 67 285
3:15 PM 50 112 162 99 8 107 7 52 59 328
3:30 PM 45 180 225 102 10 112 43 105 148 485
3:45 PM 52 215 267 121 15 136 16 76 92 495

Total 196 606 802 380 45 425 81 285 366 1593

4:00 PM 47 170 217 83 6 89 30 96 126 432
4:15 PM 42 175 217 92 9 101 11 68 79 397
4:30 PM 54 165 219 92 4 96 20 62 82 397
4:45 PM 42 176 218 116 9 125 17 81 98 441

Total 185 686 871 383 28 411 78 307 385 1667

5:00 PM 75 245 320 137 4 141 32 93 125 586
5:15 PM 67 270 337 122 11 133 23 94 117 587
5:30 PM 66 219 285 132 8 140 28 83 111 536
5:45 PM 72 198 270 142 6 148 12 46 58 476

Total 280 932 1212 533 29 562 95 316 411 2185

Grand Total 1787 4060 5847 3556 348 3904 534 2238 2772 12523
Approach % 30.6 69.4 91.1 8.9 19.3 80.7
Total % 14.3 32.4 46.7 28.4 2.8 31.2 4.3 17.9 22.1

Start

Hardin Valley Road Hardin Valley Road Westcott Boulevard
Eastbound Westbound Southbound



Project: Hardin Valley Subdivision
Date Conducted: 5/13/2015

AM Peak Hour 2098
Lunch Peak Hour 1292
PM Peak Hour 2185

Left Thru App. Total Thru Right App. Total Left Right App. Total Int. Total

7:15 AM 83 79 162 171 21 192 9 100 109 463
7:30 AM 98 91 189 184 16 200 18 130 148 537
7:45 AM 137 103 240 180 29 209 23 108 131 580
8:00 AM 81 118 199 192 17 209 15 95 110 518

Total Volume 399 391 790 727 83 810 65 433 498 2098
Future (4% over 3 yrs) 449 440 818 93 73 487 2360
PHF 0.73 0.83 0.95 0.72 0.71 0.83 0.90

11:30 AM 40 84 124 81 7 88 23 88 111 323
11:45 PM 55 97 152 74 10 84 10 78 88 324
12:00 PM 53 91 144 94 10 104 17 68 85 333
12:15 PM 42 103 145 85 9 94 15 58 73 312

Total Volume 190 375 565 334 36 370 65 292 357 1292
Future (4% over 3 yrs) 214 422 376 40 73 328 1453
PHF 0.86 0.91 0.89 0.90 0.71 0.83 0.97

5:00 PM 75 245 320 137 4 141 32 93 125 586
5:15 PM 67 270 337 122 11 133 23 94 117 587
5:30 PM 66 219 285 132 8 140 28 83 111 536
5:45 PM 72 198 270 142 6 148 12 46 58 476

Total Volume 280 932 1212 533 29 562 95 316 411 2185
Future (4% over 3 yrs) 315 1048 600 33 107 355 2458
PHF 0.93 0.86 0.94 0.66 0.74 0.84 0.93

Peak Hour Analysis from 2:00 PM to 6:00 PM

7:15-8:15
11:30-12:30
5:00-6:00

Eastbound

PM Peak Hour begins at 5:00 PM

Start
Peak Hour Analysis from 7:00 AM to 9:00 AM
AM Peak Hour begins at 7:15 AM

Peak Hour Analysis from 11:00 AM to 1:00 PM
Lunch Peak Hour begins at 11:30 PM

Westcott BoulevardHardin Valley Road
SouthboundWestbound

Hardin Valley Road



Project:  Hardin Valley Subdivision
Date Conducted:  5/14/2015

Left Thru Total Thru Right Total Left Right Total Int. Total
7:00 AM 13 50 63 93 21 114 50 34 84 261
7:15 AM 29 79 108 133 32 165 89 48 137 410
7:30 AM 28 108 136 137 38 175 90 48 138 449
7:45 AM 49 94 143 184 44 228 100 36 136 507

Total 119 331 450 547 135 682 329 166 495 1627

8:00 AM 28 80 108 163 49 212 92 28 120 440
8:15 AM 17 95 112 157 44 201 69 27 96 409
8:30 AM 17 76 93 98 22 120 85 23 108 321
8:45 AM 21 69 90 96 35 131 77 31 108 329

Total 83 320 403 514 150 664 323 109 432 1499

11:00 AM 14 66 80 76 22 98 49 18 67 245
11:15 AM 10 75 85 63 49 112 48 9 57 254
11:30 AM 8 74 82 75 37 112 48 14 62 256
11:45 AM 23 73 96 64 36 100 58 18 76 272

Total 55 288 343 278 144 422 203 59 262 1027

12:00 PM 16 97 113 90 34 124 49 19 68 305
12:15 PM 22 72 94 75 48 123 61 23 84 301
12:30 PM 21 84 105 93 54 147 57 13 70 322
12:45 PM 22 56 78 83 51 134 59 19 78 290

Total 81 309 390 341 187 528 226 74 300 1218

2:00 PM 19 68 87 61 44 105 68 10 78 270
2:15 PM 22 67 89 82 53 135 48 18 66 290
2:30 PM 39 105 144 78 48 126 45 24 69 339
2:45 PM 32 89 121 76 53 129 48 16 64 314

Total 112 329 441 297 198 495 209 68 277 1213

3:00 PM 39 93 132 62 54 116 54 24 78 326
3:15 PM 34 81 115 111 62 173 56 26 82 370
3:30 PM 48 170 218 90 62 152 83 30 113 483
3:45 PM 23 184 207 90 67 157 74 31 105 469

Total 144 528 672 353 245 598 267 111 378 1648

4:00 PM 40 156 196 67 61 128 60 16 76 400
4:15 PM 31 155 186 82 61 143 63 20 83 412
4:30 PM 33 138 171 77 63 140 76 16 92 403
4:45 PM 45 159 204 93 83 176 67 16 83 463

Total 149 608 757 319 268 587 266 68 334 1678

5:00 PM 50 232 282 108 99 207 64 25 89 578
5:15 PM 65 202 267 116 94 210 74 20 94 571
5:30 PM 60 233 293 102 109 211 70 36 106 610
5:45 PM 71 148 219 105 83 188 65 36 101 508

Total 246 815 1061 431 385 816 273 117 390 2267

Grand Total 989 3528 4517 3080 1712 4792 2096 772 2868 12177
Approach % 21.9 78.1 64.3 35.7 73.1 26.9
Total % 8.1 29.0 37.1 25.3 14.1 39.4 17.2 6.3 23.6

Start

Hardin Valley Road Ball Camp Byington Road Ball Camp Byington Road
Eastbound Westbound Southbound



Project: Hardin Valley Subdivision
Date Conducted: 5/14/2015

AM Peak Hour 1806
Lunch Peak Hour 1218
PM Peak Hour 2267

Left Thru App. Total Thru Right App. Total Left Right App. Total Int. Total

7:15 AM 29 79 108 133 32 165 89 48 137 410
7:30 AM 28 108 136 137 38 175 90 48 138 449
7:45 AM 49 94 143 184 44 228 100 36 136 507
8:00 AM 28 80 108 163 49 212 92 28 120 440

Total Volume 134 361 495 617 163 780 371 160 531 1806
Future (4% over 3 yrs) 151 406 694 183 417 180 2032
PHF 0.68 0.84 0.84 0.83 0.93 0.83 0.89

12:00 PM 16 97 113 90 34 124 49 19 68 305
12:15 PM 22 72 94 75 48 123 61 23 84 301
12:30 PM 21 84 105 93 54 147 57 13 70 322
12:45 PM 22 56 78 83 51 134 59 19 78 290

Total Volume 81 309 390 341 187 528 226 74 300 1218
Future (4% over 3 yrs) 91 348 384 210 254 83 1370
PHF 0.92 0.80 0.92 0.87 0.93 0.80 0.95

5:00 PM 50 232 282 108 99 207 64 25 89 578
5:15 PM 65 202 267 116 94 210 74 20 94 571
5:30 PM 60 233 293 102 109 211 70 36 106 610
5:45 PM 71 148 219 105 83 188 65 36 101 508

Total Volume 246 815 1061 431 385 816 273 117 390 2267
Future (4% over 3 yrs) 277 917 485 433 307 132 2550
PHF 0.87 0.87 0.93 0.88 0.92 0.81 0.93

7:15-8:15
12:00-1:00
5:00-6:00

Hardin Valley Road Ball Camp Byington Road Ball Camp Byington Road

Peak Hour Analysis from 11:00 AM to 1:00 PM
Lunch Peak Hour begins at 11:30 PM

Peak Hour Analysis from 2:00 PM to 6:00 PM
PM Peak Hour begins at 5:00 PM

Eastbound Westbound Southbound
Start

Peak Hour Analysis from 7:00 AM to 9:00 AM
AM Peak Hour begins at 7:15 AM
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Attachment 2
ADT Trends

Year

Adjusted 
Average Daily 

Traffic Station # County Location Route #
Route 
Name

1 1985 4892 86 Knox North of Ball SR 131 Ball Camp Byington Rd
2 1986 4690 Camp
3 1987 5824
4 1988 6291
5 1989 6035
6 1990 7133
7 1991 7335
8 1992 7652
9 1993 6843

10 1994 8483
11 1995 8200
12 1996 9053
13 1997 8290
14 1998 8352
15 1999 9028
16 2000 7492
17 2001 8362 y = 195.45x + 5530.7
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12000

14000
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D

T

ADT Trend, Knox CountySTA 000086

18 2002 9638
19 2003 9645
20 2004 10063
21 2005 10283
22 2006 10496
23 2007 9669
24 2008 10274
25 2009 9507 Most Recent Trend Line Growth
26 2010 8768 Year ADT
27 2011 10221 2003 9645
28 2012 11172 2013 11717
29 2013 11717

Annual Percent Growth 2.15%

y = 195.45x + 5530.7
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Attachment 2
ADT Trends

Year
Adjusted Average 

Daily Traffic Station # County Location Route #
Route 
NameYear Daily Traffic Station # County Location Route # Name

1 1985 3897 88 Knox Near Ball Camp SR169 Middlebrook Pike
2 1986 3640
3 1987 4208
4 1988 4889
5 1989 4950

20000

ADT Trend, Knox County STA 000088

6 1990 6020
7 1991 5744
8 1992 6667
9 1993 6460

10 1994 6110
11 1995 7662 14000

16000

18000

20000

11 1995 7662
12 1996 8328
13 1997 8736
14 1998 9541
15 1999 11455
16 2000 9757
17 2001 10698

y = 480.38x + 2584.3
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20 2004 10214
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22 2006 11005
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23 2007 12351
24 2008 15373
25 2009 16083 Most Recent Trend Line Growth
26 2010 15844 Year ADT
27 2011 17877 2003 11732
28 2012 16607 2013 15905

0 5 0 5 0 5 30 35

Year

28 2012 16607 2013 15905
29 2013 15905

Annual Percent Growth 3.56%



Count Station M381 Count Station M360
Count Year Hardin Valley Road Westcott Blvd

E of Shaeffer Rd N of Hardin Valley Rd
2010 18130 -
2011 18720 6910
2012 20620 -
2013 20820 7650

Growth Rate 3.71% 3.57%

Annual Average Daily Traffic County Summary



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment 3 
Trip Generation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 























 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment 4 
Signal Timing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 











 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment 5 
Intersection Worksheet 
Existing AM/PM Peaks 



SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Existing AM Peak 

 Intersection Hardin @ Westcott 
Area Type All other areas 
Jurisdiction Knox County 
Analysis Year 2015 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 1 1 1 

Lane Group L T T R L R 

Volume (vph) 463 454 843 72 75 335 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.73 0.83 0.95 0.72 0.71 0.83 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 24 0 0 0 0 167 

Lane Width 12.0 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 0 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  22.3 G =  20.9 G =  0.0 G =  0.0 G =  9.8 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  5.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   70.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 634 547 887 67 106 202 

Lane Group Capacity 670 
2468 1059 

473 248 222 

v/c Ratio 0.95 0.22 0.84 0.14 0.43 0.91 

Green Ratio 0.70 0.70 0.30 0.30 0.14 0.14 

Uniform Delay d1 17.1 3.8 23.0 18.0 27.5 29.7 

Delay Factor k 0.46 0.11 0.37 0.11 0.11 0.43 

Incremental Delay d2 16.7 0.0 4.0 0.1 1.2 36.9 

PF Factor 1.000  1.000  1.000  1.000  1.000  1.000  

Control Delay 33.8 3.9 27.0 18.1 28.7 66.5 

Lane Group LOS C A C B C E 

Approach Delay 19.9  26.4  53.5  

Approach LOS B  C  D  

Intersection Delay 26.7  Intersection LOS C  

Copyright © 2007 University of Florida, All Rights Reserved HCS+TM   Version 5.3 Generated:  6/23/2015    9:57 AM

Page 1 of 1Short Report

6/23/2015file:///C:/Users/akirkham/AppData/Local/Temp/s2kDAF0.tmp



BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  T  R  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 634  547  887  67  106  202  

Satflow/Lane 954  1862  1862  1583  1770  1583  

Capacity/Lane Group 670  2468  1059  473  248  222  

Flow Ratio 0.7  0.2  0.2  0.0  0.1  0.1  

v/c Ratio 0.95  0.22  0.84  0.14  0.43  0.91  

I Factor 0.650  0.650  0.650  0.650  1.000  1.000  

Arrival Type 3  3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  1.00  

Q1 5.2  2.0  8.5  1.0  1.9  3.9  

kB 0.3  0.5  0.3  0.2  0.3  0.2  

Q2 3.1  0.1  1.2  0.0  0.2  1.5  

Q Average 8.4  2.1  9.7  1.0  2.1  5.4  

Percentile Back of Queue (95th percentile)

fB% 1.9  2.0  1.9  2.1  2.0  1.9  

Back of Queue 15.7  4.3  17.9  2.1  4.2  10.5  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  25.0  

Queue Storage 170  0  0  210  312  312  

Average Queue Storage 
Ratio 1.2  0.1  0.2  0.4  

95% Queue Storage Ratio 2.3  0.2  0.3  0.8  
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SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Existing AM Peak 

 Intersection
Hardin @ Ball Camp 
Byington 

Area Type All other areas 
Jurisdiction Knox County 

 Analysis Year 2015 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 0 1 1 

Lane Group L T TR L R 

Volume (vph) 155 419 716 161 430 149 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.68 0.84 0.84 0.83 0.93 0.83 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 28 0 0 0 0 37 

Lane Width 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 4 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  9.5 G =  48.4 G =  0.0 G =  0.0 G =  34.1 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  6.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   110.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 228 499 
1012 

462 135 

Lane Group Capacity 290 2044 1524 538 481 

v/c Ratio 0.79 0.24 0.66 0.86 0.28 

Green Ratio 0.58 0.58 0.44 0.31 0.31 

Uniform Delay d1 16.4 11.5 24.4 35.7 28.7 

Delay Factor k 0.33 0.11 0.24 0.39 0.11 

Incremental Delay d2 11.5 0.1 0.9 13.1 0.3 

PF Factor 1.000  1.000  1.000  1.000  1.000  

Control Delay 28.0 11.5 25.3 48.8 29.0 

Lane Group LOS C B C D C 

Approach Delay 16.7  25.3  44.3  

Approach LOS B  C  D  

Intersection Delay 27.5  Intersection LOS C  
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BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  TR  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 228  499  1012  462  135  

Satflow/Lane 500  1862  1818  1734  1552  

Capacity/Lane Group 290  2044  1524  538  481  

Flow Ratio 0.5  0.1  0.3  0.3  0.1  

v/c Ratio 0.79  0.24  0.66  0.86  0.28  

I Factor 0.850  0.850  0.850  1.000  1.000  

Arrival Type 3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  

Q1 3.1  3.9  12.8  13.3  3.1  

kB 0.3  0.7  0.6  0.5  0.5  

Q2 1.0  0.2  1.1  2.6  0.2  

Q Average 4.2  4.2  13.9  15.8  3.3  

Percentile Back of Queue (95th percentile)

fB% 2.0  2.0  1.8  1.7  2.0  

Back of Queue 8.2  8.2  24.8  27.7  6.6  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  

Queue Storage 187  0  0  344  354  

Average Queue Storage 
Ratio 0.6  1.2  0.2  

95% Queue Storage Ratio 1.1  2.0  0.5  
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SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Existing PM Peak 

 Intersection Hardin @ Westcott 
Area Type All other areas 
Jurisdiction Knox County 
Analysis Year 2015 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 1 1 1 

Lane Group L T T R L R 

Volume (vph) 370 1230 704 28 125 279 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.93 0.86 0.94 0.66 0.74 0.84 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 10 0 0 0 0 138 

Lane Width 12.0 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 0 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  10.3 G =  23.4 G =  0.0 G =  0.0 G =  9.3 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  5.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   60.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 398 
1430 

749 27 169 168 

Lane Group Capacity 523 2317 1383 617 274 245 

v/c Ratio 0.76 0.62 0.54 0.04 0.62 0.69 

Green Ratio 0.66 0.65 0.39 0.39 0.16 0.16 

Uniform Delay d1 6.5 6.0 14.2 11.4 23.7 24.0 

Delay Factor k 0.31 0.20 0.14 0.11 0.20 0.25 

Incremental Delay d2 4.3 0.3 0.3 0.0 4.2 7.7 

PF Factor 1.000  1.000  1.000  1.000  1.000  1.000  

Control Delay 10.8 6.4 14.4 11.4 27.8 31.7 

Lane Group LOS B A B B C C 

Approach Delay 7.3  14.3  29.8  

Approach LOS A  B  C  

Intersection Delay 11.8  Intersection LOS B  
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BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  T  R  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 398  1430  749  27  169  168  

Satflow/Lane 790  1862  1862  1583  1770  1583  

Capacity/Lane Group 523  2317  1383  617  274  245  

Flow Ratio 0.5  0.4  0.2  0.0  0.1  0.1  

v/c Ratio 0.76  0.62  0.54  0.04  0.62  0.69  

I Factor 0.650  0.650  0.650  0.650  1.000  1.000  

Arrival Type 3  3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  1.00  

Q1 2.6  7.3  5.1  0.3  2.6  2.6  

kB 0.2  0.4  0.3  0.3  0.2  0.2  

Q2 0.7  0.6  0.3  0.0  0.4  0.5  

Q Average 3.3  7.9  5.4  0.3  3.0  3.1  

Percentile Back of Queue (95th percentile)

fB% 2.0  1.9  1.9  2.1  2.0  2.0  

Back of Queue 6.6  14.9  10.5  0.6  6.1  6.3  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  25.0  

Queue Storage 170  0  0  210  312  312  

Average Queue Storage 
Ratio 0.5  0.0  0.2  0.3  

95% Queue Storage Ratio 1.0  0.1  0.5  0.5  
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SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Existing PM Peak 

 Intersection
Hardin @ Ball Camp 
Byington 

Area Type All other areas 
Jurisdiction Knox County 

 Analysis Year 2015 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 0 1 1 

Lane Group L T TR L R 

Volume (vph) 325 1076 569 432 360 123 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.87 0.87 0.93 0.88 0.92 0.81 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 76 0 0 0 0 31 

Lane Width 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 4 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  18.2 G =  31.1 G =  0.0 G =  0.0 G =  22.7 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  6.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   90.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 374 
1237 1017 

391 114 

Lane Group Capacity 441 2160 1152 437 391 

v/c Ratio 0.85 0.57 0.88 0.89 0.29 

Green Ratio 0.61 0.61 0.35 0.25 0.25 

Uniform Delay d1 23.6 10.6 27.7 32.5 27.2 

Delay Factor k 0.38 0.17 0.41 0.42 0.11 

Incremental Delay d2 12.5 0.3 7.2 20.4 0.4 

PF Factor 1.000  1.000  1.000  1.000  1.000  

Control Delay 36.1 10.9 34.9 52.9 27.6 

Lane Group LOS D B C D C 

Approach Delay 16.7  34.9  47.2  

Approach LOS B  C  D  

Intersection Delay 27.6  Intersection LOS C  
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BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  TR  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 374  1237  1017  391  114  

Satflow/Lane 717  1862  1751  1734  1552  

Capacity/Lane Group 441  2160  1152  437  391  

Flow Ratio 0.5  0.3  0.3  0.2  0.1  

v/c Ratio 0.85  0.57  0.88  0.89  0.29  

I Factor 0.850  0.850  0.850  1.000  1.000  

Arrival Type 3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  

Q1 4.4  9.7  12.6  9.4  2.3  

kB 0.4  0.6  0.4  0.4  0.4  

Q2 1.7  0.8  2.5  2.5  0.2  

Q Average 6.0  10.6  15.1  11.9  2.5  

Percentile Back of Queue (95th percentile)

fB% 1.9  1.8  1.8  1.8  2.0  

Back of Queue 11.6  19.4  26.6  21.6  5.0  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  

Queue Storage 187  0  0  344  354  

Average Queue Storage 
Ratio 0.8  0.9  0.2  

95% Queue Storage Ratio 1.6  1.6  0.4  
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SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Background AM Peak 

 Intersection Hardin @ Westcott 
Area Type All other areas 
Jurisdiction Knox County 
Analysis Year 2018 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 1 1 1 

Lane Group L T T R L R 

Volume (vph) 521 511 948 81 84 379 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.73 0.83 0.95 0.72 0.71 0.83 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 27 0 0 0 0 186 

Lane Width 12.0 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 0 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  22.3 G =  20.9 G =  0.0 G =  0.0 G =  9.8 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  5.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   70.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 714 616 998 75 118 233 

Lane Group Capacity 670 
2468 1059 

473 248 222 

v/c Ratio 1.07 0.25 0.94 0.16 0.48 1.05 

Green Ratio 0.70 0.70 0.30 0.30 0.14 0.14 

Uniform Delay d1 18.2 3.9 24.0 18.1 27.7 30.1 

Delay Factor k 0.50 0.11 0.46 0.11 0.11 0.50 

Incremental Delay d2 47.3 0.0 11.4 0.1 1.4 74.0 

PF Factor 1.000  1.000  1.000  1.000  1.000  1.000  

Control Delay 65.5 4.0 35.4 18.2 29.2 104.1 

Lane Group LOS E A D B C F 

Approach Delay 37.0  34.2  78.9  

Approach LOS D  C  E  

Intersection Delay 41.2  Intersection LOS D  
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BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  T  R  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 714  616  998  75  118  233  

Satflow/Lane 954  1862  1862  1583  1770  1583  

Capacity/Lane Group 670  2468  1059  473  248  222  

Flow Ratio 0.7  0.2  0.3  0.0  0.1  0.1  

v/c Ratio 1.07  0.25  0.94  0.16  0.48  1.05  

I Factor 0.650  0.650  0.650  0.650  1.000  1.000  

Arrival Type 3  3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  1.00  

Q1 6.1  2.3  9.9  1.1  2.1  4.5  

kB 0.3  0.5  0.3  0.2  0.3  0.2  

Q2 8.6  0.1  2.7  0.0  0.2  3.4  

Q Average 14.7  2.5  12.6  1.1  2.3  8.0  

Percentile Back of Queue (95th percentile)

fB% 1.8  2.0  1.8  2.1  2.0  1.9  

Back of Queue 25.9  5.0  22.7  2.3  4.8  15.0  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  25.0  

Queue Storage 170  0  0  210  312  312  

Average Queue Storage 
Ratio 2.2  0.1  0.2  0.6  

95% Queue Storage Ratio 3.8  0.3  0.4  1.2  

Copyright © 2007 University of Florida, All Rights Reserved HCS+TM   Version 5.3 Generated:  6/23/2015    10:08 AM

Page 1 of 1Back-of-Queue Worksheet

6/23/2015file:///C:/Users/akirkham/AppData/Local/Temp/s2k20A6.tmp



SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Background AM Peak 

 Intersection
Hardin @ Ball Camp 
Byington 

Area Type All other areas 
Jurisdiction Knox County 

 Analysis Year 2018 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 0 1 1 

Lane Group L T TR L R 

Volume (vph) 174 471 805 181 484 167 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.68 0.84 0.84 0.83 0.93 0.83 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 32 0 0 0 0 42 

Lane Width 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 4 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  15.8 G =  37.6 G =  0.0 G =  0.0 G =  38.6 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  6.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   110.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 256 561 
1138 

520 151 

Lane Group Capacity 322 1899 1184 608 545 

v/c Ratio 0.80 0.30 0.96 0.86 0.28 

Green Ratio 0.54 0.54 0.34 0.35 0.35 

Uniform Delay d1 29.2 14.1 35.5 33.1 25.7 

Delay Factor k 0.34 0.11 0.47 0.39 0.11 

Incremental Delay d2 11.2 0.1 15.8 11.5 0.3 

PF Factor 1.000  1.000  1.000  1.000  1.000  

Control Delay 40.4 14.2 51.3 44.6 25.9 

Lane Group LOS D B D D C 

Approach Delay 22.4  51.3  40.4  

Approach LOS C  D  D  

Intersection Delay 39.5  Intersection LOS D  
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BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  TR  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 256  561  1138  520  151  

Satflow/Lane 596  1862  1818  1734  1552  

Capacity/Lane Group 322  1899  1184  608  545  

Flow Ratio 0.4  0.2  0.3  0.3  0.1  

v/c Ratio 0.80  0.30  0.96  0.86  0.28  

I Factor 0.850  0.850  0.850  1.000  1.000  

Arrival Type 3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  

Q1 4.1  5.0  17.9  14.7  3.3  

kB 0.3  0.7  0.5  0.6  0.5  

Q2 1.1  0.3  4.8  2.7  0.2  

Q Average 5.2  5.2  22.7  17.5  3.5  

Percentile Back of Queue (95th percentile)

fB% 1.9  1.9  1.7  1.7  2.0  

Back of Queue 10.1  10.2  37.8  30.2  7.0  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  

Queue Storage 187  0  0  344  354  

Average Queue Storage 
Ratio 0.7  1.3  0.2  

95% Queue Storage Ratio 1.4  2.2  0.5  
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SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Background PM Peak 

 Intersection Hardin @ Westcott 
Area Type All other areas 
Jurisdiction Knox County 
Analysis Year 2018 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 1 1 1 

Lane Group L T T R L R 

Volume (vph) 416 1384 792 32 141 313 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.93 0.86 0.94 0.66 0.74 0.84 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 11 0 0 0 0 156 

Lane Width 12.0 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 0 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  11.5 G =  22.8 G =  0.0 G =  0.0 G =  8.7 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  5.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   60.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 447 
1609 

843 32 191 187 

Lane Group Capacity 513 2353 1348 602 257 230 

v/c Ratio 0.87 0.68 0.63 0.05 0.74 0.81 

Green Ratio 0.67 0.66 0.38 0.38 0.15 0.15 

Uniform Delay d1 10.5 6.2 15.1 11.8 24.6 24.9 

Delay Factor k 0.40 0.25 0.21 0.11 0.30 0.35 

Incremental Delay d2 10.5 0.5 0.6 0.0 11.1 19.6 

PF Factor 1.000  1.000  1.000  1.000  1.000  1.000  

Control Delay 20.9 6.8 15.7 11.8 35.7 44.4 

Lane Group LOS C A B B D D 

Approach Delay 9.8  15.6  40.0  

Approach LOS A  B  D  

Intersection Delay 14.8  Intersection LOS B  
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BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  T  R  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 447  1609  843  32  191  187  

Satflow/Lane 764  1862  1862  1583  1770  1583  

Capacity/Lane Group 513  2353  1348  602  257  230  

Flow Ratio 0.6  0.5  0.2  0.0  0.1  0.1  

v/c Ratio 0.87  0.68  0.63  0.05  0.74  0.81  

I Factor 0.650  0.650  0.650  0.650  1.000  1.000  

Arrival Type 3  3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  1.00  

Q1 2.9  8.7  6.0  0.3  3.1  3.0  

kB 0.2  0.4  0.3  0.3  0.2  0.2  

Q2 1.4  0.8  0.5  0.0  0.6  0.8  

Q Average 4.3  9.5  6.5  0.4  3.7  3.9  

Percentile Back of Queue (95th percentile)

fB% 2.0  1.9  1.9  2.1  2.0  2.0  

Back of Queue 8.5  17.7  12.4  0.7  7.3  7.7  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  25.0  

Queue Storage 170  0  0  210  312  312  

Average Queue Storage 
Ratio 0.6  0.0  0.3  0.3  

95% Queue Storage Ratio 1.2  0.1  0.6  0.6  
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SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Background PM Peak 

 Intersection
Hardin @ Ball Camp 
Byington 

Area Type All other areas 
Jurisdiction Knox County 

 Analysis Year 2018 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 0 1 1 

Lane Group L T TR L R 

Volume (vph) 366 1210 640 482 405 138 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.87 0.87 0.93 0.88 0.92 0.81 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 89 0 0 0 0 35 

Lane Width 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 4 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  17.1 G =  33.3 G =  0.0 G =  0.0 G =  21.6 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  6.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   90.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 421 
1391 1135 

440 127 

Lane Group Capacity 419 2203 1235 416 372 

v/c Ratio 1.00 0.63 0.92 1.06 0.34 

Green Ratio 0.63 0.62 0.37 0.24 0.24 

Uniform Delay d1 27.0 10.6 27.1 34.2 28.3 

Delay Factor k 0.50 0.21 0.44 0.50 0.11 

Incremental Delay d2 41.7 0.5 9.7 60.2 0.6 

PF Factor 1.000  1.000  1.000  1.000  1.000  

Control Delay 68.7 11.1 36.8 94.4 28.9 

Lane Group LOS E B D F C 

Approach Delay 24.5  36.8  79.7  

Approach LOS C  D  E  

Intersection Delay 37.4  Intersection LOS D  
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BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  TR  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 421  1391  1135  440  127  

Satflow/Lane 669  1862  1752  1734  1552  

Capacity/Lane Group 419  2203  1235  416  372  

Flow Ratio 0.6  0.4  0.3  0.3  0.1  

v/c Ratio 1.00  0.63  0.92  1.06  0.34  

I Factor 0.850  0.850  0.850  1.000  1.000  

Arrival Type 3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  

Q1 4.9  11.4  14.2  11.0  2.6  

kB 0.3  0.6  0.5  0.4  0.4  

Q2 4.4  1.1  3.4  6.5  0.2  

Q Average 9.2  12.4  17.6  17.5  2.8  

Percentile Back of Queue (95th percentile)

fB% 1.9  1.8  1.7  1.7  2.0  

Back of Queue 17.2  22.4  30.4  30.2  5.7  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  

Queue Storage 187  0  0  344  354  

Average Queue Storage 
Ratio 1.2  1.3  0.2  

95% Queue Storage Ratio 2.3  2.2  0.4  
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SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Developed AM Peak 

 Intersection Hardin @ Westcott 
Area Type All other areas 
Jurisdiction Knox County 
Analysis Year 2018 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 1 1 1 

Lane Group L T T R L R 

Volume (vph) 521 537 1100 90 88 379 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.73 0.83 0.95 0.72 0.71 0.83 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 30 0 0 0 0 186 

Lane Width 12.0 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 0 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  40.2 G =  37.4 G =  0.0 G =  0.0 G =  15.4 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  5.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   110.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 714 647 
1158 

83 124 233 

Lane Group Capacity 715 2680 1206 538 248 222 

v/c Ratio 1.00 0.24 0.96 0.15 0.50 1.05 

Green Ratio 0.76 0.76 0.34 0.34 0.14 0.14 

Uniform Delay d1 30.2 4.0 35.6 25.3 43.7 47.3 

Delay Factor k 0.50 0.11 0.47 0.11 0.11 0.50 

Incremental Delay d2 26.8 0.0 12.8 0.1 1.6 74.0 

PF Factor 1.000  1.000  1.000  1.000  1.000  1.000  

Control Delay 56.9 4.1 48.4 25.4 45.3 121.3 

Lane Group LOS E A D C D F 

Approach Delay 31.8  46.8  94.9  

Approach LOS C  D  F  

Intersection Delay 45.7  Intersection LOS D  
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BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  T  R  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 714  647  1158  83  124  233  

Satflow/Lane 940  1862  1862  1583  1770  1583  

Capacity/Lane Group 715  2680  1206  538  248  222  

Flow Ratio 0.8  0.2  0.3  0.1  0.1  0.1  

v/c Ratio 1.00  0.24  0.96  0.15  0.50  1.05  

I Factor 0.650  0.650  0.650  0.650  1.000  1.000  

Arrival Type 3  3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  1.00  

Q1 8.2  3.1  18.2  1.8  3.5  7.1  

kB 0.4  0.6  0.4  0.3  0.3  0.3  

Q2 6.0  0.2  4.1  0.1  0.3  3.8  

Q Average 14.2  3.3  22.3  1.8  3.8  10.9  

Percentile Back of Queue (95th percentile)

fB% 1.8  2.0  1.7  2.0  2.0  1.8  

Back of Queue 25.2  6.6  37.3  3.7  7.6  19.9  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  25.0  

Queue Storage 170  0  0  210  312  312  

Average Queue Storage 
Ratio 2.1  0.2  0.3  0.9  

95% Queue Storage Ratio 3.7  0.4  0.6  1.6  
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TWO-WAY STOP CONTROL SUMMARY

General Information Site Information 

Analyst Addie Kirkham 
Agency/Co. FMA 
Date Performed 7/17/2015 
Analysis Time Period Full Buildout AM Peak 

Intersection
Hardin Valley@ Project 
Entranc 

Jurisdiction Knox County 
Analysis Year 2018 

Project Description     Hardin Valley Subdivision 
East/West Street:   Hardin Valley Road North/South Street:  Project Entrance 
Intersection Orientation:  East-West Study Period (hrs):   0.25 

Vehicle Volumes and Adjustments
Major Street Eastbound Westbound 
Movement 1 2 3 4 5 6

L T R L T R
Volume (veh/h) 595 30 30 1014 
Peak-Hour Factor, PHF 1.00 0.90 0.90 0.90 0.90 1.00 
Hourly Flow Rate, HFR 
(veh/h) 0 661 33 33 1126 0 

Percent Heavy Vehicles 0 -- -- 0 -- --
Median Type Raised curb 

RT Channelized 0 0 

Lanes 0 2 1 1 2 0 
Configuration T R L T 
Upstream Signal 0 0 

Minor Street Northbound Southbound 
Movement 7 8 9 10 11 12

L T R L T R
Volume (veh/h) 164 29 
Peak-Hour Factor, PHF 0.90 1.00 0.90 1.00 1.00 1.00 
Hourly Flow Rate, HFR 
(veh/h)

182 0 32 0 0 0 

Percent Heavy Vehicles 0 0 0 0 0 0 

Percent Grade (%) 0 0 

Flared Approach N N 

   Storage 0 0 

RT Channelized 0 0 

Lanes 1 0 1 0 0 0 
Configuration L R 

Delay, Queue Length, and Level of Service
Approach Eastbound Westbound Northbound Southbound 

Movement 1 4 7 8 9 10 11 12

Lane Configuration L L R 

v (veh/h) 33 182 32 

C (m) (veh/h) 911 289 716 

v/c 0.04 0.63 0.04 

95% queue length 0.11 3.94 0.14 

Control Delay (s/veh) 9.1 36.5 10.3 

LOS A E B 

Approach Delay (s/veh) -- -- 32.6 

Approach LOS -- -- D 
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SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Full Buildout AM Peak 

 Intersection
Hardin @ Ball Camp 
Byington 

Area Type All other areas 
Jurisdiction Knox County 

 Analysis Year 2018 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 0 1 1 

Lane Group L T TR L R 

Volume (vph) 180 494 831 181 484 170 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.68 0.84 0.84 0.83 0.93 0.83 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 32 0 0 0 0 43 

Lane Width 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 4 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  11.4 G =  32.6 G =  0.0 G =  0.0 G =  28.0 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  6.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   90.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 265 588 
1169 

520 153 

Lane Group Capacity 307 1951 1255 539 483 

v/c Ratio 0.86 0.30 0.93 0.96 0.32 

Green Ratio 0.56 0.55 0.36 0.31 0.31 

Uniform Delay d1 22.9 10.9 27.6 30.5 23.7 

Delay Factor k 0.39 0.11 0.45 0.47 0.11 

Incremental Delay d2 18.9 0.1 10.9 29.9 0.4 

PF Factor 1.000  1.000  1.000  1.000  1.000  

Control Delay 41.9 11.0 38.6 60.4 24.1 

Lane Group LOS D B D E C 

Approach Delay 20.6  38.6  52.2  

Approach LOS C  D  D  

Intersection Delay 36.3  Intersection LOS D  

Copyright © 2007 University of Florida, All Rights Reserved HCS+TM   Version 5.3 Generated:  7/28/2015    7:08 PM

Page 1 of 1Short Report

7/28/2015file:///C:/Users/akirkham/AppData/Local/Temp/s2kE3F6.tmp



BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  TR  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 265  588  1169  520  153  

Satflow/Lane 553  1862  1819  1734  1552  

Capacity/Lane Group 307  1951  1255  539  483  

Flow Ratio 0.5  0.2  0.3  0.3  0.1  

v/c Ratio 0.86  0.30  0.93  0.96  0.32  

I Factor 0.850  0.850  0.850  1.000  1.000  

Arrival Type 3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  

Q1 3.3  4.2  14.7  12.8  2.9  

kB 0.3  0.6  0.5  0.5  0.4  

Q2 1.4  0.3  3.7  4.5  0.2  

Q Average 4.7  4.4  18.4  17.3  3.1  

Percentile Back of Queue (95th percentile)

fB% 2.0  2.0  1.7  1.7  2.0  

Back of Queue 9.3  8.7  31.6  29.9  6.3  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  

Queue Storage 187  0  0  344  354  

Average Queue Storage 
Ratio 0.6  1.3  0.2  

95% Queue Storage Ratio 1.2  2.2  0.4  
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SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Developed PM Peak 

 Intersection Hardin @ Westcott 
Area Type All other areas 
Jurisdiction Knox County 
Analysis Year 2018 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 1 1 1 

Lane Group L T T R L R 

Volume (vph) 416 1518 893 37 151 314 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.93 0.86 0.94 0.66 0.74 0.84 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 12 0 0 0 0 155 

Lane Width 12.0 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 0 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  12.7 G =  21.1 G =  0.0 G =  0.0 G =  9.2 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  5.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   60.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 447 
1765 

950 38 204 189 

Lane Group Capacity 499 2323 1247 557 271 243 

v/c Ratio 0.90 0.76 0.76 0.07 0.75 0.78 

Green Ratio 0.66 0.66 0.35 0.35 0.15 0.15 

Uniform Delay d1 14.0 7.1 17.2 12.9 24.3 24.4 

Delay Factor k 0.42 0.31 0.31 0.11 0.31 0.33 

Incremental Delay d2 13.2 1.0 1.9 0.0 11.3 14.8 

PF Factor 1.000  1.000  1.000  1.000  1.000  1.000  

Control Delay 27.2 8.1 19.1 13.0 35.6 39.2 

Lane Group LOS C A B B D D 

Approach Delay 11.9  18.8  37.3  

Approach LOS B  B  D  

Intersection Delay 16.6  Intersection LOS B  
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BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  T  R  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 447  1765  950  38  204  189  

Satflow/Lane 752  1862  1862  1583  1770  1583  

Capacity/Lane Group 499  2323  1247  557  271  243  

Flow Ratio 0.6  0.5  0.3  0.0  0.1  0.1  

v/c Ratio 0.90  0.76  0.76  0.07  0.75  0.78  

I Factor 0.650  0.650  0.650  0.650  1.000  1.000  

Arrival Type 3  3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  1.00  

Q1 3.1  10.6  7.3  0.4  3.3  3.0  

kB 0.2  0.4  0.3  0.2  0.2  0.2  

Q2 1.6  1.2  0.8  0.0  0.7  0.7  

Q Average 4.7  11.8  8.2  0.4  3.9  3.8  

Percentile Back of Queue (95th percentile)

fB% 2.0  1.8  1.9  2.1  2.0  2.0  

Back of Queue 9.2  21.4  15.4  0.9  7.8  7.5  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  25.0  

Queue Storage 170  0  0  210  312  312  

Average Queue Storage 
Ratio 0.7  0.1  0.3  0.3  

95% Queue Storage Ratio 1.4  0.1  0.6  0.6  
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TWO-WAY STOP CONTROL SUMMARY

General Information Site Information 

Analyst Addie Kirkham 
Agency/Co. FMA 
Date Performed 7/17/2015 
Analysis Time Period Full Buildout PM Peak 

Intersection
Hardin Valley@ Project 
Entranc 

Jurisdiction Knox County 
Analysis Year 2018 

Project Description     Hardin Valley Subdivision 
East/West Street:   Hardin Valley Road North/South Street:  Project Entrance 
Intersection Orientation:  East-West Study Period (hrs):   0.25 

Vehicle Volumes and Adjustments
Major Street Eastbound Westbound 
Movement 1 2 3 4 5 6

L T R L T R
Volume (veh/h) 1525 144 62 813 
Peak-Hour Factor, PHF 1.00 0.90 0.90 0.90 0.90 1.00 
Hourly Flow Rate, HFR 
(veh/h) 0 1694 160 68 903 0 

Percent Heavy Vehicles 0 -- -- 0 -- --
Median Type Raised curb 

RT Channelized 0 0 

Lanes 0 2 1 1 2 0 
Configuration T R L T 
Upstream Signal 0 0 

Minor Street Northbound Southbound 
Movement 7 8 9 10 11 12

L T R L T R
Volume (veh/h) 107 36 
Peak-Hour Factor, PHF 0.90 1.00 0.90 1.00 1.00 1.00 
Hourly Flow Rate, HFR 
(veh/h)

118 0 40 0 0 0 

Percent Heavy Vehicles 0 0 0 0 0 0 

Percent Grade (%) 0 0 

Flared Approach N N 

   Storage 0 0 

RT Channelized 0 0 

Lanes 1 0 1 0 0 0 
Configuration L R 

Delay, Queue Length, and Level of Service
Approach Eastbound Westbound Northbound Southbound 

Movement 1 4 7 8 9 10 11 12

Lane Configuration L L R 

v (veh/h) 68 118 40 

C (m) (veh/h) 331 103 365 

v/c 0.21 1.15 0.11 

95% queue length 0.76 7.66 0.37 

Control Delay (s/veh) 18.7 210.9 16.1 

LOS C F C 

Approach Delay (s/veh) -- -- 161.6 

Approach LOS -- -- F 
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SHORT REPORT 
General Information Site Information

Analyst Addie Kirkham 
Agency or Co. FMA 
Date Performed 5/22/2015 
Time Period Developed PM Peak 

 Intersection
Hardin @ Ball Camp 
Byington 

Area Type All other areas 
Jurisdiction Knox County 

 Analysis Year 2018 

Volume and Timing Input
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Number of Lanes 1 2 2 0 1 1 

Lane Group L T TR L R 

Volume (vph) 373 1240 689 485 405 149 

% Heavy Vehicles 2 2 2 2 2 2 

PHF 0.87 0.87 0.93 0.88 0.92 0.81 

Pretimed/Actuated (P/A) A A A A A A 

Startup Lost Time 2.0 2.0 2.0 2.0 2.0 

Extension of Effective Green 2.0 2.0 2.0 2.0 2.0 

Arrival Type 3 3 3 3 3 

Unit Extension 3.0 3.0 3.0 3.0 3.0 

Ped/Bike/RTOR Volume 0 0 0 0 86 0 0 0 0 37 

Lane Width 12.0 12.0 12.0 12.0 12.0 

Parking/Grade/Parking N 0 N N 0 N N 0 N N 4 N 

Parking/Hour

Bus Stops/Hour 0 0 0 0 0 

Minimum Pedestrian Time 3.2 3.2 3.2 3.2 

Phasing EB Only EW Perm 03 04 SB Only 06 07 08 

Timing
G =  17.1 G =  33.3 G =  0.0 G =  0.0 G =  21.6 G =  0.0  G =  0.0 G =  0.0 
Y =  5.5 Y =  6 Y =  0  Y =  0 Y =  6.5  Y =  0  Y =  0  Y =  0 

Duration of Analysis (hrs) = 0.25 Cycle Length C =   90.0 

Lane Group Capacity, Control Delay, and LOS Determination
EB WB NB SB

Adjusted Flow Rate 429 
1425 1194 

440 138 

Lane Group Capacity 419 2203 1238 416 372 

v/c Ratio 1.02 0.65 0.96 1.06 0.37 

Green Ratio 0.63 0.62 0.37 0.24 0.24 

Uniform Delay d1 27.2 10.8 27.8 34.2 28.5 

Delay Factor k 0.50 0.22 0.47 0.50 0.11 

Incremental Delay d2 46.7 0.6 15.9 60.2 0.6 

PF Factor 1.000  1.000  1.000  1.000  1.000  

Control Delay 73.9 11.4 43.7 94.4 29.2 

Lane Group LOS E B D F C 

Approach Delay 25.8  43.7  78.8  

Approach LOS C  D  E  

Intersection Delay 40.2  Intersection LOS D  
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BACK-OF-QUEUE WORKSHEET

General Information
Project Description    Hardin Valley Subdivision 

Average Back of Queue
EB WB NB SB

LT TH RT LT TH RT LT TH RT LT TH RT

Lane Group L  T  TR  L  R  

Initial Queue/Lane 0.0  0.0  0.0  0.0  0.0  

Flow Rate/Lane Group 429  1425  1194  440  138  

Satflow/Lane 669  1862  1756  1734  1552  

Capacity/Lane Group 419  2203  1238  416  372  

Flow Ratio 0.6  0.4  0.4  0.3  0.1  

v/c Ratio 1.02  0.65  0.96  1.06  0.37  

I Factor 0.850  0.850  0.850  1.000  1.000  

Arrival Type 3  3  3  3  3  

Platoon Ratio 1.00  1.00  1.00  1.00  1.00  

PF Factor 1.00  1.00  1.00  1.00  1.00  

Q1 4.9  11.8  15.4  11.0  2.9  

kB 0.3  0.6  0.5  0.4  0.4  

Q2 5.0  1.1  4.7  6.5  0.2  

Q Average 9.9  13.0  20.0  17.5  3.1  

Percentile Back of Queue (95th percentile)

fB% 1.8  1.8  1.7  1.7  2.0  

Back of Queue 18.3  23.3  34.0  30.2  6.2  

Queue Storage Ratio

Queue Spacing 25.0  25.0  25.0  25.0  25.0  

Queue Storage 187  0  0  344  354  

Average Queue Storage 
Ratio 1.3  1.3  0.2  

95% Queue Storage Ratio 2.4  2.2  0.4  
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Attachment 8 
Turn Lane Warrant Analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Attachment 8
Turn Lane Warrant Analysis

Project:  Hardin Valley Subdivision 

Hardin Valley Road
at Project Entrance

Opposing Thru LT LT MAX Warrant Met
AM 342 532 30 30 YES
PM 845 427 62 20 YES

Hardin Valley Road
at Project Entrance

Thru RT RT MAX Warrant Met
AM 312 30 249 NO
PM 801 144 24 YES

RIGHT TURN

VOLUMES

VOLUMES

LEFT TURN







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attachment 9 
Signal Warrant Analysis 

 
 
 
 
 
 
 
 
 
 
 
 



                Attachment 9
                Signal Warrant Analysis

Project: Hardin Valley Subdivision

Hardin Valley Road @ Project Entrance
2018 Peak Hour Traffic Full Buildout

Hardin Valley Road Project Entrance Warrant 2, Four-Hr Warrant 3, Peak Hour
(Both Directions) (Left Turns Only) Condition A Condition B Condition A & B

70% Factor 70% Factor 70% Factor 70% Factor 70% Factor

7:00 AM 1277 164 YES YES YES YES YES
8:00 AM 1245 164 YES YES YES YES YES
9:00 AM - - - - - - -

10:00 AM - - - - - - -
11:00 AM 820 57* NO YES NO NO NO
12:00 PM 937 57* NO YES NO NO NO

1:00 PM - - - - - -
2:00 PM 920 57* NO YES NO NO NO
3:00 PM 1251 57* NO YES NO YES NO
4:00 PM 1322 107 NO YES YES YES YES
5:00 PM 1787 107 NO YES YES YES YES

* Estimated Based on Generated ADT Number Exiting
  ((1927 ADT Exiting Full Buildout) - (193 AM Peak)*2 - (143 PM Peak)*2)/ 20 hours = 63 Trips/Hr
  63 Trips/Hr * Estimated 90% Left Turns = 57 Trips/HR

Hardin Valley Road @ Project Entrance
2018 Peak Hour Traffic 60% Buildout

Hardin Valley Road Project Entrance Warrant 2, Four-Hr Warrant 3, Peak Hour
(Both Directions) (Left Turns Only) Condition A Condition B Condition A & B

70% Factor 70% Factor 70% Factor 70% Factor 70% Factor

7:00 AM 1277 98 NO YES YES YES YES
8:00 AM 1245 98 NO YES YES YES YES
9:00 AM - - - - - - -

10:00 AM - - - - - - -
11:00 AM 820 - - - - - -
12:00 PM 937 - - - - - -

Warrant 1, Eight-Hr Vehicular Volume

Warrant 1, Eight-Hr Vehicular Volume

12:00 PM 937
1:00 PM - - - - - - -
2:00 PM 920 - - - - - -
3:00 PM 1251 - - - - - -
4:00 PM 1322 64 NO YES NO YES NO
5:00 PM 1787 64 NO YES NO YES NO

Hardin Valley Road @ Project Entrance
2018 Peak Hour Traffic 75% Buildout

Hardin Valley Road Project Entrance Warrant 2, Four-Hr Warrant 3, Peak Hour
(Both Directions) (Left Turns Only) Condition A Condition B Condition A & B

70% Factor 70% Factor 70% Factor 70% Factor 70% Factor

7:00 AM 1277 123 YES YES YES YES YES
8:00 AM 1245 123 YES YES YES YES YES
9:00 AM - - - - - - -

10:00 AM - - - - - - -
11:00 AM 820 - - - - - -
12:00 PM 937 - - - - - -

1:00 PM - - - - - - -
2:00 PM 920 - - - - - -
3:00 PM 1251 - - - - - -
4:00 PM 1322 80 NO YES NO YES YES
5:00 PM 1787 80 NO YES NO YES YES

Warrant 1, Eight-Hr Vehicular Volume




