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EBLT EBT EBRT WBLT WBT WBRT NBLT NBT NBRT SBLT SBT SBRT

Traffic Count 27 2 4 11 5 32 1 223 11 30 514 28

Peak Season Conversion Factor 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

COVID Factor 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46

2021 Peak Season Traffic 41 3 6 17 8 49 2 342 17 46 788 43

Compound Growth Rate 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50%

Existing plus Background Growth 42 3 6 17 8 50 2 345 17 46 796 43

Committed Development Trips

2023 Background Traffic 42 3 6 17 8 50 2 345 17 46 796 43

In/Out Out Out In In

Project Assignment 2% 18% 2% 18%

Net New Project Trips 0 0 0 0 0 2 0 0 1 10 0 0

2023 Total Traffic 42 3 6 17 8 52 2 345 18 56 796 43

Traffic Count 9 17 10 2 25 15 8 26 2 6 23 2

Peak Season Conversion Factor 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

COVID Factor 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46

2021 Peak Season Traffic 14 26 15 3 38 23 12 40 3 9 35 3

Compound Growth Rate 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50%

Existing plus Background Growth 14 26 15 3 39 23 12 40 3 9 36 3

Committed Development Trips

2023 Background Traffic 14 26 15 3 39 23 12 40 3 9 36 3

In/Out In In In

Project Assignment In 20% 3% 3%

Net New Project Trips 11 0 0 0 0 2 0 2 0 0 0 0

In/Out Out Out Out 

Project Assignment Out 3% 20% 74%

Net New Project Trips 0 0 0 0 2 9 0 0 0 0 0 0

Net New Project Trips 11 0 0 0 2 11 0 2 0 0 0 0

2023 Total Traffic 25 26 15 3 41 34 12 42 3 9 36 3

Traffic Count 23 711 18 1 561 5 22 24 5 13 19 46

Peak Season Conversion Factor 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

COVID Factor 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46 1.46

2021 Peak Season Traffic 35 1,090 28 2 860 8 34 37 8 20 29 70

Compound Growth Rate 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50%

Existing plus Background Growth 36 1,101 28 2 868 8 34 37 8 20 29 71

Committed Development Trips

2023 Background Traffic 36 1,101 28 2 868 8 34 37 8 20 29 71

In/Out In In Out Out Out In

Project Assignment 35% 4% 35% 35% 4% 35%

Net New Project Trips 0 0 19 2 0 0 4 4 0 0 19 0

2023 Total Traffic 36 1,101 47 4 868 8 38 41 8 20 48 71

AM PEAK HOUR TRAFFIC VOLUME CALCULATIONS

411 MICHIGAN

Alton Road & 4th Street

Michigan Avenue & 4th 

Street

Intersection Scenario
Traffic Volumes

Michigan Avenue & 5th 

Street



EBLT EBT EBRT WBUT WBLT WBT WBRT NBLT NBT NBRT SBLT SBT SBRT

Traffic Count 37 12 7 20 5 52 5 589 13 44 518 37

Peak Season Conversion Factor 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

COVID Factor 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62

2021 Peak Season Traffic 63 20 12 34 8 88 8 1,000 22 75 879 63

Compound Growth Rate 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50%

Existing plus Background Growth 63 21 12 34 9 89 9 1,010 22 75 888 63

Committed Development Trips

2023 Background Traffic 63 21 12 34 9 89 9 1,010 22 75 888 63

In/Out Out Out In In

Project Assignment 2% 18% 2% 18%

Net New Project Trips 0 0 0 1 0 12 0 0 1 5 0 0

2023 Total Traffic 63 21 12 35 9 101 9 1,010 23 80 888 63

Traffic Count 5 46 10 4 67 19 13 37 2 10 32 8

Peak Season Conversion Factor 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

COVID Factor 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62

2021 Peak Season Traffic 8 78 17 7 114 32 22 63 3 17 54 14

Compound Growth Rate 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50%

Existing plus Background Growth 9 79 17 7 115 33 22 63 3 17 55 14

Committed Development Trips

2023 Background Traffic 9 79 17 7 115 33 22 63 3 17 55 14

In/Out In In In Out Out Out

Project Assignment 20% 3% 3% 3% 3% 20%

Net New Project Trips 5 0 0 0 0 1 0 1 0 2 2 13

2023 Total Traffic 14 79 17 7 115 34 22 64 3 19 57 27

Traffic Count 66 762 21 0 6 1,043 24 26 21 9 7 21 68

Peak Season Conversion Factor 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05 1.05

COVID Factor 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62 1.62

2021 Peak Season Traffic 112 1,293 36 0 10 1,770 41 44 36 15 12 36 115

Compound Growth Rate 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50% 0.50%

Existing plus Background Growth 113 1,306 36 0 10 1,788 41 45 36 15 12 36 117

Committed Development Trips

2023 Background Traffic 113 1,306 36 0 10 1,788 41 45 36 15 12 36 117

In/Out In In In In

Project Assignment In 35% 4% 26% 35%

Net New Project Trips 0 9 0 1 0 0 0 0 0 7 9 0 0

In/Out Out Out Out

Project Assignment Out 35% 35% 4%

Net New Project Trips 0 0 0 0 0 0 0 23 23 3 0 0 0

Net New Project Trips 0 9 0 1 0 0 0 23 23 10 9 0 0

2023 Total Traffic 113 1,315 36 1 10 1,788 41 68 59 25 21 36 117

Michigan Avenue & 4th 

Street

Michigan Avenue & 5th 

Street

PM PEAK HOUR TRAFFIC VOLUME CALCULATIONS

411 MICHIGAN

Intersection Scenario
Traffic Volumes

Alton Road & 4th Street







LOS Delay LOS Delay LOS Delay

AM F 81.4 F 97.4

PM F 82.1 F 100.7

AM A 0.0 C 26.8

PM A 0.0 A 6.5

AM A 0.0 C 27.0

PM A 0.0 A 6.8

AM F 81.4 A 7.5 C 29.0

PM F 82.1 A 8.4 B 13.9

AM F 81.4 F 111.0

PM F 80.5 F 90.8

AM A 0.0 A 5.9

PM A 0.0 B 12.1

AM A 0.0 A 6.1

PM A 0.0 B 12.8

AM F 81.4 A 7.5 A 6.2

PM F 80.5 A 8.7 B 12.8

AM A 9.8 F 83.6

PM B 10.7 E 78.5

AM A 6.2 A 0.0

PM B 10.2 A 0.0

AM A 6.2 A 0.0

PM B 10.2 A 0.0

AM A 6.2 A 7.7 F 83.6

PM B 10.2 A 8.5 E 78.5

AM A 4.4 E 77.5

PM A 7.3 E 71.4

AM C 32.2 A 0.0

PM C 34.3 A 0.0

AM C 32.2 E 74.7

PM C 34.3 E 63.7

AM C 30.7 A 7.6 E 75.8

PM C 32.3 A 8.4 E 65.9

AM C 28.9 C 24.5

PM C 27.1 B 17.5

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

AM 2 18

PM 8 37

AM

PM

AM 92 13 49

PM 200 35 147

m    Volume for 95th percentile queue is metered by upstream signal.

#    95th percentile volume exceeds capacity, queue may be longer.

58
Michigan Avenue & 

5th Street
140 155

Michigan Avenue & 

4th Street

62 124
Alton Road & 4th 

Street

Table 1.2 - 2021 Existing Intersection Queue Lengths Summary

Location Time

95th Percentile Queue Lenghts (ft)

EBL EBR WBL WBR NBL NBR SBL SBR

SBR

SB Approach

Overall

[1]   Delay is average delay per vehicle in seconds

NBT

NBR

NB Approach

SBL

SBT

EBL

Level of Service
[1]

Table 1.1 - 2021 Existing Intersection Capacity Analysis Summary

WBR

WB Approach

NBL

Alton Road & 4th 

Street

Michigan Avenue & 

4th Street

Michigan Avenue & 

5th Street
Movement/Approach Time

EBT

EBR

EB Approach

WBL

WBT



411 Michigan 2021 Existing Conditions

1: Alton Road & 4th Street AM Peak Hour

Timings Synchro 10 Report

Page 1

Lane Group EBL EBT WBL WBT NBL NBT SBL SBT

Lane Configurations

Traffic Volume (vph) 41 3 17 8 2 342 46 788

Future Volume (vph) 41 3 17 8 2 342 46 788

Lane Group Flow (vph) 0 66 0 97 3 472 61 1094

Turn Type Perm NA Perm NA pm+pt NA pm+pt NA

Protected Phases 4 8 5 2 1 6

Permitted Phases 4 8 2 6

Detector Phase 4 4 8 8 5 2 1 6

Switch Phase

Minimum Initial (s) 7.0 7.0 5.0 5.0 5.0 7.0 5.0 7.0

Minimum Split (s) 25.0 25.0 25.0 25.0 12.0 25.0 14.0 25.0

Total Split (s) 61.0 61.0 61.0 61.0 24.0 95.0 24.0 95.0

Total Split (%) 33.9% 33.9% 33.9% 33.9% 13.3% 52.8% 13.3% 52.8%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 7.0 7.0 7.0 7.0 7.0 7.0

Lead/Lag Lead Lag Lead Lag

Lead-Lag Optimize? Yes Yes Yes Yes

Recall Mode None None None None None C-Max None C-Max

v/c Ratio 0.80 0.56 0.01 0.18 0.09 0.38

Control Delay 131.0 47.7 3.0 6.3 3.1 5.1

Queue Delay 0.0 0.0 0.0 0.0 0.0 1.3

Total Delay 131.0 47.7 3.0 6.3 3.1 6.3

Queue Length 50th (ft) 72 47 1 78 11 151

Queue Length 95th (ft) 109 83 2 85 18 212

Internal Link Dist (ft) 161 515 1023 369

Turn Bay Length (ft) 62 124

Base Capacity (vph) 291 490 512 2644 767 2854

Starvation Cap Reductn 0 0 0 0 0 1457

Spillback Cap Reductn 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0

Reduced v/c Ratio 0.23 0.20 0.01 0.18 0.08 0.78

Intersection Summary

Cycle Length: 180

Actuated Cycle Length: 180

Offset: 0 (0%), Referenced to phase 2:NBTL and 6:SBTL, Start of Yellow

Natural Cycle: 65

Control Type: Actuated-Coordinated

Splits and Phases:     1: Alton Road & 4th Street



411 Michigan 2021 Existing Conditions

1: Alton Road & 4th Street AM Peak Hour

HCM 6th Signalized Intersection Summary Synchro 10 Report

Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 41 3 6 17 8 49 2 342 17 46 788 43

Future Volume (veh/h) 41 3 6 17 8 49 2 342 17 46 788 43

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 0.95 0.92 0.95 0.90 1.00 0.96 0.99 0.96

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 54 4 8 22 11 64 3 450 22 61 1037 57

Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 116 10 12 49 26 99 319 2603 127 748 2661 146

Arrive On Green 0.09 0.09 0.09 0.09 0.09 0.09 0.00 0.76 0.76 0.01 0.26 0.26

Sat Flow, veh/h 842 104 130 263 281 1055 1767 3414 166 1767 3389 186

Grp Volume(v), veh/h 66 0 0 97 0 0 3 232 240 61 539 555

Grp Sat Flow(s),veh/h/ln 1076 0 0 1599 0 0 1767 1763 1817 1767 1763 1812

Q Serve(g_s), s 1.6 0.0 0.0 0.0 0.0 0.0 0.1 6.5 6.5 1.3 45.4 45.4

Cycle Q Clear(g_c), s 11.8 0.0 0.0 10.1 0.0 0.0 0.1 6.5 6.5 1.3 45.4 45.4

Prop In Lane 0.82 0.12 0.23 0.66 1.00 0.09 1.00 0.10

Lane Grp Cap(c), veh/h 138 0 0 175 0 0 319 1344 1386 748 1384 1423

V/C Ratio(X) 0.48 0.00 0.00 0.55 0.00 0.00 0.01 0.17 0.17 0.08 0.39 0.39

Avail Cap(c_a), veh/h 404 0 0 470 0 0 479 1344 1386 868 1384 1423

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.33 0.33

Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00

Uniform Delay (d), s/veh 79.3 0.0 0.0 78.6 0.0 0.0 9.7 5.8 5.8 4.3 31.1 31.1

Incr Delay (d2), s/veh 1.9 0.0 0.0 2.7 0.0 0.0 0.0 0.3 0.3 0.0 0.8 0.8

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 3.1 0.0 0.0 4.5 0.0 0.0 0.0 2.5 2.6 0.5 22.0 22.6

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 81.2 0.0 0.0 81.3 0.0 0.0 9.7 6.1 6.1 4.4 32.0 31.9

LnGrp LOS F A A F A A A A A A C C

Approach Vol, veh/h 66 97 475 1155

Approach Delay, s/veh 81.2 81.3 6.1 30.5

Approach LOS F F A C

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 11.8 144.3 24.0 7.7 148.3 24.0

Change Period (Y+Rc), s 7.0 7.0 7.0 7.0 7.0 7.0

Max Green Setting (Gmax), s 17.0 88.0 54.0 17.0 88.0 54.0

Max Q Clear Time (g_c+I1), s 3.3 8.5 13.8 2.1 47.4 12.1

Green Ext Time (p_c), s 0.1 2.5 0.3 0.0 2.7 0.7

Intersection Summary

HCM 6th Ctrl Delay 28.7

HCM 6th LOS C



411 Michigan 2021 Existing Conditions

2: Michigan Avenue & 4th Street AM Peak Hour

HCM 6th AWSC Synchro 10 Report

Page 3

Intersection

Intersection Delay, s/veh 7.6

Intersection LOS A

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Vol, veh/h 14 26 15 3 38 23 12 40 3 9 35 3

Future Vol, veh/h 14 26 15 3 38 23 12 40 3 9 35 3

Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84

Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3

Mvmt Flow 17 31 18 4 45 27 14 48 4 11 42 4

Number of Lanes 0 1 0 0 1 0 0 1 0 0 1 0

Approach EB WB NB SB

Opposing Approach WB EB SB NB

Opposing Lanes 1 1 1 1

Conflicting Approach Left SB NB EB WB

Conflicting Lanes Left 1 1 1 1

Conflicting Approach Right NB SB WB EB

Conflicting Lanes Right 1 1 1 1

HCM Control Delay 7.5 7.5 7.7 7.6

HCM LOS A A A A

        

Lane NBLn1 EBLn1 WBLn1 SBLn1

Vol Left, % 22% 25% 5% 19%

Vol Thru, % 73% 47% 59% 74%

Vol Right, % 5% 27% 36% 6%

Sign Control Stop Stop Stop Stop

Traffic Vol by Lane 55 55 64 47

LT Vol 12 14 3 9

Through Vol 40 26 38 35

RT Vol 3 15 23 3

Lane Flow Rate 65 65 76 56

Geometry Grp 1 1 1 1

Degree of Util (X) 0.077 0.075 0.085 0.066

Departure Headway (Hd) 4.251 4.108 4.005 4.247

Convergence, Y/N Yes Yes Yes Yes

Cap 832 860 882 832

Service Time 2.331 2.191 2.088 2.33

HCM Lane V/C Ratio 0.078 0.076 0.086 0.067

HCM Control Delay 7.7 7.5 7.5 7.6

HCM Lane LOS A A A A

HCM 95th-tile Q 0.2 0.2 0.3 0.2



411 Michigan 2021 Existing Conditions

3: Michigan Avenue & 5th Street AM Peak Hour

Timings Synchro 10 Report

Page 4

Lane Group EBL EBT WBL WBT NBL NBT SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 35 1090 2 860 34 37 20 29 70

Future Volume (vph) 35 1090 2 860 34 37 20 29 70

Lane Group Flow (vph) 39 1242 2 965 0 88 0 54 78

Turn Type Prot NA Prot NA Perm NA Perm NA pm+ov

Protected Phases 5 2 1 6 8 4 5

Permitted Phases 8 4 4

Detector Phase 5 2 1 6 8 8 4 4 5

Switch Phase

Minimum Initial (s) 5.0 7.0 5.0 7.0 7.0 7.0 7.0 7.0 5.0

Minimum Split (s) 11.0 24.0 12.0 24.0 25.0 25.0 25.0 25.0 11.0

Total Split (s) 18.0 108.0 12.0 102.0 60.0 60.0 60.0 60.0 18.0

Total Split (%) 10.0% 60.0% 6.7% 56.7% 33.3% 33.3% 33.3% 33.3% 10.0%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 2.0 2.0 3.0 2.0 3.0 3.0 3.0 3.0 2.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 7.0 6.0 7.0 7.0 6.0

Lead/Lag Lead Lag Lead Lag Lead

Lead-Lag Optimize? Yes Yes Yes Yes Yes

Recall Mode None C-Max None C-Max None None None None None

v/c Ratio 0.48 0.30 0.04 0.25 0.69 0.46 0.29

Control Delay 101.4 4.2 86.5 6.9 103.3 89.4 13.2

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 101.4 4.2 86.5 6.9 103.3 89.4 13.2

Queue Length 50th (ft) 46 91 2 110 100 62 0

Queue Length 95th (ft) 91 191 13 161 161 110 49

Internal Link Dist (ft) 763 1859 253 306

Turn Bay Length (ft) 140 155 58

Base Capacity (vph) 116 4155 49 3837 442 419 303

Starvation Cap Reductn 0 0 0 0 0 0 0

Spillback Cap Reductn 0 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0 0

Reduced v/c Ratio 0.34 0.30 0.04 0.25 0.20 0.13 0.26

Intersection Summary

Cycle Length: 180

Actuated Cycle Length: 180

Offset: 128 (71%), Referenced to phase 2:EBT and 6:WBT, Start of Yellow

Natural Cycle: 65

Control Type: Actuated-Coordinated

Splits and Phases:     3: Michigan Avenue & 5th Street
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 35 1090 28 2 860 8 34 37 8 20 29 70

Future Volume (veh/h) 35 1090 28 2 860 8 34 37 8 20 29 70

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 0.96 1.00 0.98 0.97 0.95 0.98 0.94

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 39 1211 31 2 956 9 38 41 9 22 32 78

Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 50 4031 103 5 4006 38 68 65 12 72 94 181

Arrive On Green 0.01 0.26 0.26 0.00 0.77 0.77 0.09 0.09 0.09 0.09 0.09 0.09

Sat Flow, veh/h 1767 5073 130 1767 5174 49 425 710 129 480 1020 1484

Grp Volume(v), veh/h 39 806 436 2 624 341 88 0 0 54 0 78

Grp Sat Flow(s),veh/h/ln 1767 1689 1826 1767 1689 1845 1264 0 0 1500 0 1484

Q Serve(g_s), s 4.0 34.4 34.4 0.2 9.2 9.2 7.3 0.0 0.0 0.0 0.0 8.8

Cycle Q Clear(g_c), s 4.0 34.4 34.4 0.2 9.2 9.2 12.9 0.0 0.0 5.7 0.0 8.8

Prop In Lane 1.00 0.07 1.00 0.03 0.43 0.10 0.41 1.00

Lane Grp Cap(c), veh/h 50 2683 1451 5 2615 1429 145 0 0 166 0 181

V/C Ratio(X) 0.78 0.30 0.30 0.43 0.24 0.24 0.61 0.00 0.00 0.33 0.00 0.43

Avail Cap(c_a), veh/h 118 2683 1451 49 2615 1429 448 0 0 488 0 482

HCM Platoon Ratio 0.33 0.33 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 88.6 26.3 26.3 89.6 5.6 5.6 80.6 0.0 0.0 76.6 0.0 73.5

Incr Delay (d2), s/veh 9.1 0.3 0.5 21.4 0.2 0.4 3.1 0.0 0.0 0.8 0.0 1.2

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 2.0 15.8 17.2 0.1 3.2 3.6 4.2 0.0 0.0 2.4 0.0 3.5

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 97.7 26.6 26.9 111.0 5.8 6.0 83.6 0.0 0.0 77.5 0.0 74.7

LnGrp LOS F C C F A A F A A E A E

Approach Vol, veh/h 1281 967 88 132

Approach Delay, s/veh 28.9 6.1 83.6 75.9

Approach LOS C A F E

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 7.5 149.0 23.5 11.1 145.4 23.5

Change Period (Y+Rc), s 7.0 6.0 7.0 6.0 6.0 7.0

Max Green Setting (Gmax), s 5.0 102.0 53.0 12.0 96.0 53.0

Max Q Clear Time (g_c+I1), s 2.2 36.4 10.8 6.0 11.2 14.9

Green Ext Time (p_c), s 0.0 3.2 0.5 0.0 2.3 0.4

Intersection Summary

HCM 6th Ctrl Delay 24.4

HCM 6th LOS C
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT

Lane Configurations

Traffic Volume (vph) 63 20 34 8 8 1000 75 879

Future Volume (vph) 63 20 34 8 8 1000 75 879

Lane Group Flow (vph) 0 105 0 145 9 1135 83 1047

Turn Type Perm NA Perm NA pm+pt NA pm+pt NA

Protected Phases 4 8 5 2 1 6

Permitted Phases 4 8 2 6

Detector Phase 4 4 8 8 5 2 1 6

Switch Phase

Minimum Initial (s) 7.0 7.0 5.0 5.0 5.0 7.0 5.0 7.0

Minimum Split (s) 25.0 25.0 25.0 25.0 12.0 25.0 14.0 25.0

Total Split (s) 61.0 61.0 61.0 61.0 24.0 95.0 24.0 95.0

Total Split (%) 33.9% 33.9% 33.9% 33.9% 13.3% 52.8% 13.3% 52.8%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 7.0 7.0 7.0 7.0 7.0 7.0

Lead/Lag Lead Lag Lead Lag

Lead-Lag Optimize? Yes Yes Yes Yes

Recall Mode None None None None None C-Max None C-Max

v/c Ratio 0.99 0.68 0.02 0.45 0.23 0.39

Control Delay 158.5 59.5 4.6 11.0 5.5 7.8

Queue Delay 0.0 0.0 0.0 0.0 0.0 1.9

Total Delay 158.5 59.5 4.6 11.0 5.5 9.6

Queue Length 50th (ft) ~123 99 2 256 17 151

Queue Length 95th (ft) #209 176 7 373 37 314

Internal Link Dist (ft) 161 515 1023 369

Turn Bay Length (ft) 62 124

Base Capacity (vph) 278 471 506 2545 442 2701

Starvation Cap Reductn 0 0 0 0 0 1435

Spillback Cap Reductn 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0

Reduced v/c Ratio 0.38 0.31 0.02 0.45 0.19 0.83

Intersection Summary

Cycle Length: 180

Actuated Cycle Length: 180

Offset: 0 (0%), Referenced to phase 2:NBTL and 6:SBTL, Start of Yellow

Natural Cycle: 70

Control Type: Actuated-Coordinated

~    Volume exceeds capacity, queue is theoretically infinite.

     Queue shown is maximum after two cycles.

#    95th percentile volume exceeds capacity, queue may be longer.

     Queue shown is maximum after two cycles.

Splits and Phases:     1: Alton Road & 4th Street
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 63 20 12 34 8 88 8 1000 22 75 879 63

Future Volume (veh/h) 63 20 12 34 8 88 8 1000 22 75 879 63

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 0.98 0.92 1.00 0.92 1.00 0.96 1.00 0.96

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 70 22 13 38 9 98 9 1111 24 83 977 70

Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 109 32 15 66 21 128 331 2600 56 392 2510 180

Arrive On Green 0.12 0.12 0.12 0.12 0.12 0.12 0.01 0.74 0.74 0.01 0.25 0.25

Sat Flow, veh/h 637 274 129 347 174 1085 1767 3524 76 1767 3325 238

Grp Volume(v), veh/h 105 0 0 145 0 0 9 556 579 83 518 529

Grp Sat Flow(s),veh/h/ln 1039 0 0 1606 0 0 1767 1763 1838 1767 1763 1800

Q Serve(g_s), s 3.2 0.0 0.0 0.0 0.0 0.0 0.2 21.7 21.7 2.1 44.0 44.0

Cycle Q Clear(g_c), s 18.7 0.0 0.0 15.6 0.0 0.0 0.2 21.7 21.7 2.1 44.0 44.0

Prop In Lane 0.67 0.12 0.26 0.68 1.00 0.04 1.00 0.13

Lane Grp Cap(c), veh/h 156 0 0 215 0 0 331 1301 1356 392 1331 1359

V/C Ratio(X) 0.67 0.00 0.00 0.67 0.00 0.00 0.03 0.43 0.43 0.21 0.39 0.39

Avail Cap(c_a), veh/h 405 0 0 477 0 0 480 1301 1356 510 1331 1359

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.33 0.33

Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00

Uniform Delay (d), s/veh 78.5 0.0 0.0 76.9 0.0 0.0 10.5 9.0 9.0 6.9 33.1 33.1

Incr Delay (d2), s/veh 3.7 0.0 0.0 3.7 0.0 0.0 0.0 1.0 1.0 0.3 0.9 0.8

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 5.0 0.0 0.0 6.8 0.0 0.0 0.1 8.7 9.0 0.8 21.3 21.8

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 82.2 0.0 0.0 80.6 0.0 0.0 10.5 10.1 10.0 7.2 33.9 33.9

LnGrp LOS F A A F A A B B B A C C

Approach Vol, veh/h 105 145 1144 1130

Approach Delay, s/veh 82.2 80.6 10.0 31.9

Approach LOS F F B C

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 11.9 139.8 28.3 8.8 142.9 28.3

Change Period (Y+Rc), s 7.0 7.0 7.0 7.0 7.0 7.0

Max Green Setting (Gmax), s 17.0 88.0 54.0 17.0 88.0 54.0

Max Q Clear Time (g_c+I1), s 4.1 23.7 20.7 2.2 46.0 17.6

Green Ext Time (p_c), s 0.1 7.9 0.5 0.0 2.6 1.0

Intersection Summary

HCM 6th Ctrl Delay 26.9

HCM 6th LOS C
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Intersection

Intersection Delay, s/veh 8.5

Intersection LOS A

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Vol, veh/h 8 78 17 7 114 32 22 63 3 17 54 14

Future Vol, veh/h 8 78 17 7 114 32 22 63 3 17 54 14

Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88

Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3

Mvmt Flow 9 89 19 8 130 36 25 72 3 19 61 16

Number of Lanes 0 1 0 0 1 0 0 1 0 0 1 0

Approach EB WB NB SB

Opposing Approach WB EB SB NB

Opposing Lanes 1 1 1 1

Conflicting Approach Left SB NB EB WB

Conflicting Lanes Left 1 1 1 1

Conflicting Approach Right NB SB WB EB

Conflicting Lanes Right 1 1 1 1

HCM Control Delay 8.4 8.7 8.5 8.4

HCM LOS A A A A

        

Lane NBLn1 EBLn1 WBLn1 SBLn1

Vol Left, % 25% 8% 5% 20%

Vol Thru, % 72% 76% 75% 64%

Vol Right, % 3% 17% 21% 16%

Sign Control Stop Stop Stop Stop

Traffic Vol by Lane 88 103 153 85

LT Vol 22 8 7 17

Through Vol 63 78 114 54

RT Vol 3 17 32 14

Lane Flow Rate 100 117 174 97

Geometry Grp 1 1 1 1

Degree of Util (X) 0.132 0.148 0.215 0.126

Departure Headway (Hd) 4.763 4.538 4.443 4.681

Convergence, Y/N Yes Yes Yes Yes

Cap 752 790 808 765

Service Time 2.799 2.568 2.471 2.716

HCM Lane V/C Ratio 0.133 0.148 0.215 0.127

HCM Control Delay 8.5 8.4 8.7 8.4

HCM Lane LOS A A A A

HCM 95th-tile Q 0.5 0.5 0.8 0.4
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 112 1293 10 1770 44 36 12 36 115

Future Volume (vph) 112 1293 10 1770 44 36 12 36 115

Lane Group Flow (vph) 118 1399 11 1906 0 100 0 51 121

Turn Type Prot NA Prot NA Perm NA Perm NA pm+ov

Protected Phases 5 2 1 6 8 4 5

Permitted Phases 8 4 4

Detector Phase 5 2 1 6 8 8 4 4 5

Switch Phase

Minimum Initial (s) 5.0 7.0 5.0 7.0 7.0 7.0 7.0 7.0 5.0

Minimum Split (s) 11.0 24.0 12.0 24.0 25.0 25.0 25.0 25.0 11.0

Total Split (s) 23.0 99.0 16.0 92.0 55.0 55.0 55.0 55.0 23.0

Total Split (%) 13.5% 58.2% 9.4% 54.1% 32.4% 32.4% 32.4% 32.4% 13.5%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 2.0 2.0 3.0 2.0 3.0 3.0 3.0 3.0 2.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 7.0 6.0 7.0 7.0 6.0

Lead/Lag Lead Lag Lead Lag Lead

Lead-Lag Optimize? Yes Yes Yes Yes Yes

Recall Mode None C-Max None C-Max None None None None None

v/c Ratio 0.72 0.35 0.18 0.54 0.71 0.35 0.39

Control Delay 98.4 6.0 86.2 13.8 96.2 77.3 47.9

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 98.4 6.0 86.2 13.8 96.2 77.3 47.9

Queue Length 50th (ft) 130 112 12 349 104 54 95

Queue Length 95th (ft) 198 241 35 491 167 99 145

Internal Link Dist (ft) 763 1859 253 306

Turn Bay Length (ft) 140 155 58

Base Capacity (vph) 188 3993 92 3505 417 447 330

Starvation Cap Reductn 0 0 0 0 0 0 0

Spillback Cap Reductn 0 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0 0

Reduced v/c Ratio 0.63 0.35 0.12 0.54 0.24 0.11 0.37

Intersection Summary

Cycle Length: 170

Actuated Cycle Length: 170

Offset: 62 (36%), Referenced to phase 2:EBT and 6:WBT, Start of Yellow

Natural Cycle: 70

Control Type: Actuated-Coordinated

Splits and Phases:     3: Michigan Avenue & 5th Street
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 112 1293 36 10 1770 41 44 36 15 12 36 115

Future Volume (veh/h) 112 1293 36 10 1770 41 44 36 15 12 36 115

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 0.94 1.00 0.93 0.97 0.94 0.98 0.92

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 118 1361 38 11 1863 43 46 38 16 13 38 121

Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 137 3900 109 21 3617 83 79 59 20 54 140 266

Arrive On Green 0.08 0.77 0.77 0.01 0.71 0.71 0.10 0.10 0.10 0.10 0.10 0.10

Sat Flow, veh/h 1767 5056 141 1767 5084 117 487 594 206 281 1412 1447

Grp Volume(v), veh/h 118 909 490 11 1237 669 100 0 0 51 0 121

Grp Sat Flow(s),veh/h/ln 1767 1689 1820 1767 1689 1825 1287 0 0 1693 0 1447

Q Serve(g_s), s 11.2 14.3 14.3 1.1 28.3 28.4 9.0 0.0 0.0 0.0 0.0 12.8

Cycle Q Clear(g_c), s 11.2 14.3 14.3 1.1 28.3 28.4 13.3 0.0 0.0 4.3 0.0 12.8

Prop In Lane 1.00 0.08 1.00 0.06 0.46 0.16 0.25 1.00

Lane Grp Cap(c), veh/h 137 2605 1404 21 2403 1298 158 0 0 194 0 266

V/C Ratio(X) 0.86 0.35 0.35 0.52 0.51 0.52 0.63 0.00 0.00 0.26 0.00 0.46

Avail Cap(c_a), veh/h 177 2605 1404 94 2403 1298 420 0 0 502 0 531

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 77.5 6.1 6.1 83.5 11.2 11.2 75.4 0.0 0.0 70.9 0.0 62.9

Incr Delay (d2), s/veh 22.8 0.4 0.7 7.3 0.8 1.5 3.1 0.0 0.0 0.5 0.0 0.9

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 6.0 4.9 5.4 0.5 10.5 11.6 4.5 0.0 0.0 2.1 0.0 4.8

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 100.3 6.4 6.8 90.8 12.0 12.6 78.4 0.0 0.0 71.5 0.0 63.8

LnGrp LOS F A A F B B E A A E A E

Approach Vol, veh/h 1517 1917 100 172

Approach Delay, s/veh 13.9 12.6 78.4 66.1

Approach LOS B B E E

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 9.0 137.1 23.8 19.2 126.9 23.8

Change Period (Y+Rc), s 7.0 6.0 7.0 6.0 6.0 7.0

Max Green Setting (Gmax), s 9.0 93.0 48.0 17.0 86.0 48.0

Max Q Clear Time (g_c+I1), s 3.1 16.3 14.8 13.2 30.4 15.3

Green Ext Time (p_c), s 0.0 3.8 0.6 0.0 6.0 0.5

Intersection Summary

HCM 6th Ctrl Delay 17.4

HCM 6th LOS B





LOS Delay LOS Delay LOS Delay

AM F 81.4 F 97.4

PM F 82.1 F 100.7

AM A 0.0 C 26.8

PM A 0.0 A 6.5

AM A 0.0 C 27.0

PM A 0.0 A 6.8

AM F 81.4 A 7.5 C 29.0

PM F 82.1 A 8.4 B 13.9

AM F 81.4 F 111.0

PM F 80.5 F 90.8

AM A 0.0 A 5.9

PM A 0.0 B 12.1

AM A 0.0 A 6.1

PM A 0.0 B 12.8

AM F 81.4 A 7.5 A 6.2

PM F 80.5 A 8.7 B 12.8

AM A 9.8 F 83.6

PM B 10.7 E 78.5

AM A 6.2 A 0.0

PM B 10.2 A 0.0

AM A 6.2 A 0.0

PM B 10.2 A 0.0

AM A 6.2 A 7.7 F 83.6

PM B 10.2 A 8.5 E 78.5

AM A 4.4 E 77.5

PM A 7.3 E 71.4

AM C 32.2 A 0.0

PM C 34.3 A 0.0

AM C 32.2 E 74.7

PM C 34.3 E 63.7

AM C 30.7 A 7.6 E 75.8

PM C 32.3 A 8.4 E 65.9

AM C 28.9 C 24.5

PM C 27.1 B 17.5

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

AM 2 18

PM 8 37

AM

PM

AM 92 13 49

PM 200 35 147

#    95th percentile volume exceeds capacity, queue may be longer.

m    Volume for 95th percentile queue is metered by upstream signal.

58
Michigan Avenue & 5th 

Street
140 155

62 124

Michigan Avenue & 4th 

Street

Alton Road & 4th Street

Table 2.2 - 2023 No Build Intersection Queue Lengths Summary

Location Time

95th Percentile Queue Lenghts (ft)

EBL EBR WBL WBR NBL NBR SBL SBR

SBR

SB Approach

Overall

[1]   Delay is average delay per vehicle in seconds

NBT

NBR

NB Approach

SBL

SBT

Movement/Approach Time

Level of Service
[1]

Table 2.1 - 2023 No Build Intersection Capacity Analysis Summary

WB Approach

NBL

Alton Road & 4th 

Street

Michigan Avenue & 

4th Street

Michigan Avenue & 

5th Street

WBL

WBT

WBR

EBL

EBT

EBR

EB Approach
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT

Lane Configurations

Traffic Volume (vph) 42 3 17 8 2 345 46 796

Future Volume (vph) 42 3 17 8 2 345 46 796

Lane Group Flow (vph) 0 67 0 99 3 476 61 1104

Turn Type Perm NA Perm NA pm+pt NA pm+pt NA

Protected Phases 4 8 5 2 1 6

Permitted Phases 4 8 2 6

Detector Phase 4 4 8 8 5 2 1 6

Switch Phase

Minimum Initial (s) 7.0 7.0 5.0 5.0 5.0 7.0 5.0 7.0

Minimum Split (s) 25.0 25.0 25.0 25.0 12.0 25.0 14.0 25.0

Total Split (s) 61.0 61.0 61.0 61.0 24.0 95.0 24.0 95.0

Total Split (%) 33.9% 33.9% 33.9% 33.9% 13.3% 52.8% 13.3% 52.8%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 7.0 7.0 7.0 7.0 7.0 7.0

Lead/Lag Lead Lag Lead Lag

Lead-Lag Optimize? Yes Yes Yes Yes

Recall Mode None None None None None C-Max None C-Max

v/c Ratio 0.83 0.56 0.01 0.18 0.09 0.39

Control Delay 135.1 47.1 3.5 6.3 3.1 5.1

Queue Delay 0.0 0.0 0.0 0.0 0.0 1.3

Total Delay 135.1 47.1 3.5 6.3 3.1 6.4

Queue Length 50th (ft) 73 47 1 78 11 153

Queue Length 95th (ft) 111 84 2 86 18 215

Internal Link Dist (ft) 161 515 1023 369

Turn Bay Length (ft) 62 124

Base Capacity (vph) 286 492 507 2642 764 2853

Starvation Cap Reductn 0 0 0 0 0 1450

Spillback Cap Reductn 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0

Reduced v/c Ratio 0.23 0.20 0.01 0.18 0.08 0.79

Intersection Summary

Cycle Length: 180

Actuated Cycle Length: 180

Offset: 0 (0%), Referenced to phase 2:NBTL and 6:SBTL, Start of Yellow

Natural Cycle: 65

Control Type: Actuated-Coordinated

Splits and Phases:     1: Alton Road & 4th Street
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 42 3 6 17 8 50 2 345 17 46 796 43

Future Volume (veh/h) 42 3 6 17 8 50 2 345 17 46 796 43

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 0.95 0.92 0.95 0.91 1.00 0.96 1.00 0.96

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 55 4 8 22 11 66 3 454 22 61 1047 57

Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 115 10 12 49 26 101 315 2603 126 744 2661 145

Arrive On Green 0.09 0.09 0.09 0.09 0.09 0.09 0.00 0.76 0.76 0.01 0.26 0.26

Sat Flow, veh/h 834 101 127 259 276 1069 1767 3415 165 1767 3391 185

Grp Volume(v), veh/h 67 0 0 99 0 0 3 234 242 61 544 560

Grp Sat Flow(s),veh/h/ln 1061 0 0 1604 0 0 1767 1763 1818 1767 1763 1812

Q Serve(g_s), s 1.8 0.0 0.0 0.0 0.0 0.0 0.1 6.5 6.6 1.4 45.9 45.9

Cycle Q Clear(g_c), s 12.1 0.0 0.0 10.3 0.0 0.0 0.1 6.5 6.6 1.4 45.9 45.9

Prop In Lane 0.82 0.12 0.22 0.67 1.00 0.09 1.00 0.10

Lane Grp Cap(c), veh/h 137 0 0 176 0 0 315 1343 1385 744 1383 1422

V/C Ratio(X) 0.49 0.00 0.00 0.56 0.00 0.00 0.01 0.17 0.17 0.08 0.39 0.39

Avail Cap(c_a), veh/h 402 0 0 471 0 0 475 1343 1385 864 1383 1422

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.33 0.33

Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00

Uniform Delay (d), s/veh 79.4 0.0 0.0 78.6 0.0 0.0 9.8 5.9 5.9 4.4 31.3 31.4

Incr Delay (d2), s/veh 2.0 0.0 0.0 2.8 0.0 0.0 0.0 0.3 0.3 0.0 0.8 0.8

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 3.1 0.0 0.0 4.6 0.0 0.0 0.0 2.5 2.6 0.5 22.2 22.8

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 81.4 0.0 0.0 81.4 0.0 0.0 9.8 6.2 6.2 4.4 32.2 32.2

LnGrp LOS F A A F A A A A A A C C

Approach Vol, veh/h 67 99 479 1165

Approach Delay, s/veh 81.4 81.4 6.2 30.7

Approach LOS F F A C

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 11.8 144.2 24.1 7.7 148.2 24.1

Change Period (Y+Rc), s 7.0 7.0 7.0 7.0 7.0 7.0

Max Green Setting (Gmax), s 17.0 88.0 54.0 17.0 88.0 54.0

Max Q Clear Time (g_c+I1), s 3.4 8.6 14.1 2.1 47.9 12.3

Green Ext Time (p_c), s 0.1 2.5 0.3 0.0 2.7 0.7

Intersection Summary

HCM 6th Ctrl Delay 28.9

HCM 6th LOS C
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Intersection

Intersection Delay, s/veh 7.6

Intersection LOS A

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Vol, veh/h 14 26 15 3 39 23 12 40 3 9 36 3

Future Vol, veh/h 14 26 15 3 39 23 12 40 3 9 36 3

Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84

Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3

Mvmt Flow 17 31 18 4 46 27 14 48 4 11 43 4

Number of Lanes 0 1 0 0 1 0 0 1 0 0 1 0

Approach EB WB NB SB

Opposing Approach WB EB SB NB

Opposing Lanes 1 1 1 1

Conflicting Approach Left SB NB EB WB

Conflicting Lanes Left 1 1 1 1

Conflicting Approach Right NB SB WB EB

Conflicting Lanes Right 1 1 1 1

HCM Control Delay 7.5 7.5 7.7 7.6

HCM LOS A A A A

        

Lane NBLn1 EBLn1 WBLn1 SBLn1

Vol Left, % 22% 25% 5% 19%

Vol Thru, % 73% 47% 60% 75%

Vol Right, % 5% 27% 35% 6%

Sign Control Stop Stop Stop Stop

Traffic Vol by Lane 55 55 65 48

LT Vol 12 14 3 9

Through Vol 40 26 39 36

RT Vol 3 15 23 3

Lane Flow Rate 65 65 77 57

Geometry Grp 1 1 1 1

Degree of Util (X) 0.077 0.075 0.086 0.067

Departure Headway (Hd) 4.254 4.111 4.01 4.249

Convergence, Y/N Yes Yes Yes Yes

Cap 832 859 881 832

Service Time 2.334 2.194 2.094 2.332

HCM Lane V/C Ratio 0.078 0.076 0.087 0.069

HCM Control Delay 7.7 7.5 7.5 7.6

HCM Lane LOS A A A A

HCM 95th-tile Q 0.2 0.2 0.3 0.2
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 36 1101 2 868 34 37 20 29 71

Future Volume (vph) 36 1101 2 868 34 37 20 29 71

Lane Group Flow (vph) 40 1254 2 973 0 88 0 54 79

Turn Type Prot NA Prot NA Perm NA Perm NA pm+ov

Protected Phases 5 2 1 6 8 4 5

Permitted Phases 8 4 4

Detector Phase 5 2 1 6 8 8 4 4 5

Switch Phase

Minimum Initial (s) 5.0 7.0 5.0 7.0 7.0 7.0 7.0 7.0 5.0

Minimum Split (s) 11.0 24.0 12.0 24.0 25.0 25.0 25.0 25.0 11.0

Total Split (s) 18.0 108.0 12.0 102.0 60.0 60.0 60.0 60.0 18.0

Total Split (%) 10.0% 60.0% 6.7% 56.7% 33.3% 33.3% 33.3% 33.3% 10.0%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 2.0 2.0 3.0 2.0 3.0 3.0 3.0 3.0 2.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 7.0 6.0 7.0 7.0 6.0

Lead/Lag Lead Lag Lead Lag Lead

Lead-Lag Optimize? Yes Yes Yes Yes Yes

Recall Mode None C-Max None C-Max None None None None None

v/c Ratio 0.48 0.30 0.04 0.25 0.69 0.46 0.29

Control Delay 101.8 4.2 86.5 6.9 103.3 89.4 13.0

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 101.8 4.2 86.5 6.9 103.3 89.4 13.0

Queue Length 50th (ft) 47 93 2 111 100 62 0

Queue Length 95th (ft) 92 194 13 163 161 110 49

Internal Link Dist (ft) 763 1859 253 306

Turn Bay Length (ft) 140 155 58

Base Capacity (vph) 116 4155 49 3834 442 419 304

Starvation Cap Reductn 0 0 0 0 0 0 0

Spillback Cap Reductn 0 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0 0

Reduced v/c Ratio 0.34 0.30 0.04 0.25 0.20 0.13 0.26

Intersection Summary

Cycle Length: 180

Actuated Cycle Length: 180

Offset: 128 (71%), Referenced to phase 2:EBT and 6:WBT, Start of Yellow

Natural Cycle: 65

Control Type: Actuated-Coordinated

Splits and Phases:     3: Michigan Avenue & 5th Street
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 36 1101 28 2 868 8 34 37 8 20 29 71

Future Volume (veh/h) 36 1101 28 2 868 8 34 37 8 20 29 71

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 0.96 1.00 0.98 0.97 0.95 0.98 0.94

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 40 1223 31 2 964 9 38 41 9 22 32 79

Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 52 4032 102 5 4003 37 68 65 12 72 94 182

Arrive On Green 0.01 0.26 0.26 0.00 0.77 0.77 0.09 0.09 0.09 0.09 0.09 0.09

Sat Flow, veh/h 1767 5074 129 1767 5174 48 425 710 129 480 1020 1484

Grp Volume(v), veh/h 40 814 440 2 629 344 88 0 0 54 0 79

Grp Sat Flow(s),veh/h/ln 1767 1689 1826 1767 1689 1846 1264 0 0 1500 0 1484

Q Serve(g_s), s 4.1 34.8 34.8 0.2 9.3 9.3 7.3 0.0 0.0 0.0 0.0 8.9

Cycle Q Clear(g_c), s 4.1 34.8 34.8 0.2 9.3 9.3 12.9 0.0 0.0 5.7 0.0 8.9

Prop In Lane 1.00 0.07 1.00 0.03 0.43 0.10 0.41 1.00

Lane Grp Cap(c), veh/h 52 2683 1451 5 2612 1428 145 0 0 166 0 182

V/C Ratio(X) 0.78 0.30 0.30 0.43 0.24 0.24 0.61 0.00 0.00 0.33 0.00 0.43

Avail Cap(c_a), veh/h 118 2683 1451 49 2612 1428 448 0 0 488 0 483

HCM Platoon Ratio 0.33 0.33 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 88.5 26.5 26.5 89.6 5.7 5.7 80.6 0.0 0.0 76.6 0.0 73.5

Incr Delay (d2), s/veh 8.9 0.3 0.5 21.4 0.2 0.4 3.1 0.0 0.0 0.8 0.0 1.2

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 2.0 16.0 17.4 0.1 3.3 3.6 4.2 0.0 0.0 2.4 0.0 3.5

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 97.4 26.8 27.0 111.0 5.9 6.1 83.6 0.0 0.0 77.5 0.0 74.7

LnGrp LOS F C C F A A F A A E A E

Approach Vol, veh/h 1294 975 88 133

Approach Delay, s/veh 29.0 6.2 83.6 75.8

Approach LOS C A F E

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 7.5 149.0 23.5 11.3 145.2 23.5

Change Period (Y+Rc), s 7.0 6.0 7.0 6.0 6.0 7.0

Max Green Setting (Gmax), s 5.0 102.0 53.0 12.0 96.0 53.0

Max Q Clear Time (g_c+I1), s 2.2 36.8 10.9 6.1 11.3 14.9

Green Ext Time (p_c), s 0.0 3.2 0.5 0.0 2.3 0.4

Intersection Summary

HCM 6th Ctrl Delay 24.5

HCM 6th LOS C
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT

Lane Configurations

Traffic Volume (vph) 63 21 34 9 9 1010 75 888

Future Volume (vph) 63 21 34 9 9 1010 75 888

Lane Group Flow (vph) 0 106 0 147 10 1146 83 1057

Turn Type Perm NA Perm NA pm+pt NA pm+pt NA

Protected Phases 4 8 5 2 1 6

Permitted Phases 4 8 2 6

Detector Phase 4 4 8 8 5 2 1 6

Switch Phase

Minimum Initial (s) 7.0 7.0 5.0 5.0 5.0 7.0 5.0 7.0

Minimum Split (s) 25.0 25.0 25.0 25.0 12.0 25.0 14.0 25.0

Total Split (s) 61.0 61.0 61.0 61.0 24.0 95.0 24.0 95.0

Total Split (%) 33.9% 33.9% 33.9% 33.9% 13.3% 52.8% 13.3% 52.8%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 7.0 7.0 7.0 7.0 7.0 7.0

Lead/Lag Lead Lag Lead Lag

Lead-Lag Optimize? Yes Yes Yes Yes

Recall Mode None None None None None C-Max None C-Max

v/c Ratio 1.00 0.69 0.03 0.45 0.23 0.39

Control Delay 161.4 61.1 4.7 11.1 5.6 7.9

Queue Delay 0.0 0.0 0.0 0.0 0.0 1.9

Total Delay 161.4 61.1 4.7 11.1 5.6 9.8

Queue Length 50th (ft) ~125 102 2 262 17 154

Queue Length 95th (ft) #214 178 8 378 37 319

Internal Link Dist (ft) 161 515 1023 369

Turn Bay Length (ft) 62 124

Base Capacity (vph) 277 471 501 2542 438 2699

Starvation Cap Reductn 0 0 0 0 0 1427

Spillback Cap Reductn 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0

Reduced v/c Ratio 0.38 0.31 0.02 0.45 0.19 0.83

Intersection Summary

Cycle Length: 180

Actuated Cycle Length: 180

Offset: 0 (0%), Referenced to phase 2:NBTL and 6:SBTL, Start of Yellow

Natural Cycle: 70

Control Type: Actuated-Coordinated

~    Volume exceeds capacity, queue is theoretically infinite.

     Queue shown is maximum after two cycles.

#    95th percentile volume exceeds capacity, queue may be longer.

     Queue shown is maximum after two cycles.

Splits and Phases:     1: Alton Road & 4th Street



411 Michigan 2023 No Build Conditions

1: Alton Road & 4th Street PM Peak Hour

HCM 6th Signalized Intersection Summary Synchro 10 Report

Page 2

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 63 21 12 34 9 89 9 1010 22 75 888 63

Future Volume (veh/h) 63 21 12 34 9 89 9 1010 22 75 888 63

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 0.98 0.92 1.00 0.92 1.00 0.96 1.00 0.96

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 70 23 13 38 10 99 10 1122 24 83 987 70

Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 108 34 15 66 22 129 327 2596 56 387 2505 178

Arrive On Green 0.12 0.12 0.12 0.12 0.12 0.12 0.01 0.74 0.74 0.01 0.25 0.25

Sat Flow, veh/h 628 282 127 341 183 1081 1767 3525 75 1767 3327 236

Grp Volume(v), veh/h 106 0 0 147 0 0 10 561 585 83 523 534

Grp Sat Flow(s),veh/h/ln 1037 0 0 1605 0 0 1767 1763 1838 1767 1763 1801

Q Serve(g_s), s 3.2 0.0 0.0 0.0 0.0 0.0 0.3 22.1 22.1 2.1 44.5 44.5

Cycle Q Clear(g_c), s 19.0 0.0 0.0 15.8 0.0 0.0 0.3 22.1 22.1 2.1 44.5 44.5

Prop In Lane 0.66 0.12 0.26 0.67 1.00 0.04 1.00 0.13

Lane Grp Cap(c), veh/h 157 0 0 217 0 0 327 1298 1354 387 1327 1356

V/C Ratio(X) 0.67 0.00 0.00 0.68 0.00 0.00 0.03 0.43 0.43 0.21 0.39 0.39

Avail Cap(c_a), veh/h 405 0 0 478 0 0 475 1298 1354 506 1327 1356

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.33 0.33

Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00

Uniform Delay (d), s/veh 78.4 0.0 0.0 76.8 0.0 0.0 10.7 9.2 9.2 7.0 33.4 33.4

Incr Delay (d2), s/veh 3.7 0.0 0.0 3.7 0.0 0.0 0.0 1.1 1.0 0.3 0.9 0.9

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 5.1 0.0 0.0 6.9 0.0 0.0 0.1 8.9 9.2 0.8 21.6 22.0

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 82.1 0.0 0.0 80.5 0.0 0.0 10.7 10.2 10.2 7.3 34.3 34.3

LnGrp LOS F A A F A A B B B A C C

Approach Vol, veh/h 106 147 1156 1140

Approach Delay, s/veh 82.1 80.5 10.2 32.3

Approach LOS F F B C

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 11.9 139.6 28.5 9.0 142.5 28.5

Change Period (Y+Rc), s 7.0 7.0 7.0 7.0 7.0 7.0

Max Green Setting (Gmax), s 17.0 88.0 54.0 17.0 88.0 54.0

Max Q Clear Time (g_c+I1), s 4.1 24.1 21.0 2.3 46.5 17.8

Green Ext Time (p_c), s 0.1 8.0 0.5 0.0 2.6 1.0

Intersection Summary

HCM 6th Ctrl Delay 27.1

HCM 6th LOS C
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Intersection

Intersection Delay, s/veh 8.5

Intersection LOS A

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Vol, veh/h 9 79 17 7 115 33 22 63 3 17 55 14

Future Vol, veh/h 9 79 17 7 115 33 22 63 3 17 55 14

Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88

Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3

Mvmt Flow 10 90 19 8 131 38 25 72 3 19 63 16

Number of Lanes 0 1 0 0 1 0 0 1 0 0 1 0

Approach EB WB NB SB

Opposing Approach WB EB SB NB

Opposing Lanes 1 1 1 1

Conflicting Approach Left SB NB EB WB

Conflicting Lanes Left 1 1 1 1

Conflicting Approach Right NB SB WB EB

Conflicting Lanes Right 1 1 1 1

HCM Control Delay 8.4 8.7 8.5 8.4

HCM LOS A A A A

        

Lane NBLn1 EBLn1 WBLn1 SBLn1

Vol Left, % 25% 9% 5% 20%

Vol Thru, % 72% 75% 74% 64%

Vol Right, % 3% 16% 21% 16%

Sign Control Stop Stop Stop Stop

Traffic Vol by Lane 88 105 155 86

LT Vol 22 9 7 17

Through Vol 63 79 115 55

RT Vol 3 17 33 14

Lane Flow Rate 100 119 176 98

Geometry Grp 1 1 1 1

Degree of Util (X) 0.133 0.151 0.218 0.127

Departure Headway (Hd) 4.776 4.548 4.447 4.693

Convergence, Y/N Yes Yes Yes Yes

Cap 750 789 807 762

Service Time 2.812 2.578 2.475 2.73

HCM Lane V/C Ratio 0.133 0.151 0.218 0.129

HCM Control Delay 8.5 8.4 8.7 8.4

HCM Lane LOS A A A A

HCM 95th-tile Q 0.5 0.5 0.8 0.4
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 113 1306 10 1788 45 36 12 36 117

Future Volume (vph) 113 1306 10 1788 45 36 12 36 117

Lane Group Flow (vph) 119 1413 11 1925 0 101 0 51 123

Turn Type Prot NA Prot NA Perm NA Perm NA pm+ov

Protected Phases 5 2 1 6 8 4 5

Permitted Phases 8 4 4

Detector Phase 5 2 1 6 8 8 4 4 5

Switch Phase

Minimum Initial (s) 5.0 7.0 5.0 7.0 7.0 7.0 7.0 7.0 5.0

Minimum Split (s) 11.0 24.0 12.0 24.0 25.0 25.0 25.0 25.0 11.0

Total Split (s) 23.0 99.0 16.0 92.0 55.0 55.0 55.0 55.0 23.0

Total Split (%) 13.5% 58.2% 9.4% 54.1% 32.4% 32.4% 32.4% 32.4% 13.5%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 2.0 2.0 3.0 2.0 3.0 3.0 3.0 3.0 2.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 7.0 6.0 7.0 7.0 6.0

Lead/Lag Lead Lag Lead Lag Lead

Lead-Lag Optimize? Yes Yes Yes Yes Yes

Recall Mode None C-Max None C-Max None None None None None

v/c Ratio 0.73 0.35 0.18 0.55 0.72 0.35 0.40

Control Delay 98.1 6.0 86.2 14.0 96.4 77.0 48.0

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 98.1 6.0 86.2 14.0 96.4 77.0 48.0

Queue Length 50th (ft) 131 114 12 357 105 54 97

Queue Length 95th (ft) 200 245 35 500 168 99 147

Internal Link Dist (ft) 763 1859 253 306

Turn Bay Length (ft) 140 155 58

Base Capacity (vph) 188 3989 92 3499 417 448 331

Starvation Cap Reductn 0 0 0 0 0 0 0

Spillback Cap Reductn 0 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0 0

Reduced v/c Ratio 0.63 0.35 0.12 0.55 0.24 0.11 0.37

Intersection Summary

Cycle Length: 170

Actuated Cycle Length: 170

Offset: 62 (36%), Referenced to phase 2:EBT and 6:WBT, Start of Yellow

Natural Cycle: 70

Control Type: Actuated-Coordinated

Splits and Phases:     3: Michigan Avenue & 5th Street
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 113 1306 36 10 1788 41 45 36 15 12 36 117

Future Volume (veh/h) 113 1306 36 10 1788 41 45 36 15 12 36 117

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 0.94 1.00 0.93 0.97 0.94 0.98 0.92

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 119 1375 38 11 1882 43 47 38 16 13 38 123

Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 138 3898 108 21 3612 82 80 58 20 55 141 267

Arrive On Green 0.08 0.77 0.77 0.01 0.71 0.71 0.10 0.10 0.10 0.10 0.10 0.10

Sat Flow, veh/h 1767 5057 140 1767 5086 116 493 584 203 281 1409 1448

Grp Volume(v), veh/h 119 918 495 11 1249 676 101 0 0 51 0 123

Grp Sat Flow(s),veh/h/ln 1767 1689 1820 1767 1689 1825 1280 0 0 1690 0 1448

Q Serve(g_s), s 11.3 14.6 14.6 1.1 28.9 29.0 9.2 0.0 0.0 0.0 0.0 13.0

Cycle Q Clear(g_c), s 11.3 14.6 14.6 1.1 28.9 29.0 13.5 0.0 0.0 4.3 0.0 13.0

Prop In Lane 1.00 0.08 1.00 0.06 0.47 0.16 0.25 1.00

Lane Grp Cap(c), veh/h 138 2603 1403 21 2398 1296 159 0 0 195 0 267

V/C Ratio(X) 0.86 0.35 0.35 0.52 0.52 0.52 0.64 0.00 0.00 0.26 0.00 0.46

Avail Cap(c_a), veh/h 177 2603 1403 94 2398 1296 418 0 0 501 0 532

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 77.4 6.1 6.1 83.5 11.3 11.3 75.4 0.0 0.0 70.8 0.0 62.8

Incr Delay (d2), s/veh 23.3 0.4 0.7 7.3 0.8 1.5 3.1 0.0 0.0 0.5 0.0 0.9

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 6.1 5.0 5.5 0.5 10.7 11.9 4.5 0.0 0.0 2.1 0.0 4.9

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 100.7 6.5 6.8 90.8 12.1 12.8 78.5 0.0 0.0 71.4 0.0 63.7

LnGrp LOS F A A F B B E A A E A E

Approach Vol, veh/h 1532 1936 101 174

Approach Delay, s/veh 13.9 12.8 78.5 65.9

Approach LOS B B E E

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 9.0 137.0 24.0 19.3 126.7 24.0

Change Period (Y+Rc), s 7.0 6.0 7.0 6.0 6.0 7.0

Max Green Setting (Gmax), s 9.0 93.0 48.0 17.0 86.0 48.0

Max Q Clear Time (g_c+I1), s 3.1 16.6 15.0 13.3 31.0 15.5

Green Ext Time (p_c), s 0.0 3.8 0.6 0.0 6.1 0.5

Intersection Summary

HCM 6th Ctrl Delay 17.5

HCM 6th LOS B





LOS Delay LOS Delay LOS Delay

AM F 81.4 F 97.4

PM F 81.5 F 100.7

AM A 0.0 C 28.1

PM A 0.0 A 9.3

AM A 0.0 C 28.4

PM A 0.0 A 9.7

AM F 81.4 A 7.7 C 30.3

PM F 81.5 A 8.5 B 16.5

AM F 81.5 F 101.9

PM F 80.5 F 90.5

AM A 0.0 A 6.4

PM A 0.0 B 16.1

AM A 0.0 A 6.6

PM A 0.0 B 17.0

AM F 81.5 A 7.5 A 6.9

PM F 80.5 A 8.8 B 16.9

AM A 9.8 F 84.5

PM B 11.0 E 76.7

AM A 6.2 A 0.0

PM B 10.7 A 0.0

AM A 6.2 A 0.0

PM B 10.6 A 0.0

AM A 6.2 A 7.8 F 84.5

PM B 10.7 A 8.6 E 76.7

AM A 4.5 E 76.8

PM A 7.8 E 64.8

AM C 32.2 A 0.0

PM C 34.9 A 0.0

AM C 32.2 E 72.7

PM C 34.8 E 56.5

AM C 30.4 A 7.7 E 74.7

PM C 32.8 A 8.5 E 59.2

AM C 28.8 C 26.1

PM C 27.8 C 21.2

[1]   Delay is average delay per vehicle in seconds

Storage 

(ft) 
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th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

Storage 

(ft) 
95

th
 %tile  

AM 2 21

PM 8 40

AM

PM

AM 92 20 48

PM 200 38 135

m    Volume for 95th percentile queue is metered by upstream signal.

[1]  Optimized signal timing without changing cycle length

#    95th percentile volume exceeds capacity, queue may be longer.

58
Michigan Avenue & 5th 

Street
140 155

62 124

Michigan Avenue & 4th 

Street

Alton Road & 4th Street

Overall

Table 5.2 - 2023 Build Intersection Queue Lengths Summary

Location Time

95th Percentile Queue Lenghts (ft)

EBL EBR WBL WBR NBL NBR SBL SBR

SBL

SBT

SBR

SB Approach

WBR

WB Approach

NBL

NBT

NBR

NB Approach

EBT

EBR

EB Approach

WBL

WBT

Table 5.1 - 2023 Build Intersection Capacity Analysis Summary

Michigan Avenue & 

4th Street

Michigan Avenue & 

5th Street

Level of Service
[1]

EBL

Movement/Approach Time
Alton Road & 4th 

Street
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT

Lane Configurations

Traffic Volume (vph) 42 3 17 8 2 345 56 795

Future Volume (vph) 42 3 17 8 2 345 56 795

Lane Group Flow (vph) 0 67 0 101 3 478 74 1103

Turn Type Perm NA Perm NA pm+pt NA pm+pt NA

Protected Phases 4 8 5 2 1 6

Permitted Phases 4 8 2 6

Detector Phase 4 4 8 8 5 2 1 6

Switch Phase

Minimum Initial (s) 7.0 7.0 5.0 5.0 5.0 7.0 5.0 7.0

Minimum Split (s) 25.0 25.0 25.0 25.0 12.0 25.0 14.0 25.0

Total Split (s) 61.0 61.0 61.0 61.0 24.0 95.0 24.0 95.0

Total Split (%) 33.9% 33.9% 33.9% 33.9% 13.3% 52.8% 13.3% 52.8%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 7.0 7.0 7.0 7.0 7.0 7.0

Lead/Lag Lead Lag Lead Lag

Lead-Lag Optimize? Yes Yes Yes Yes

Recall Mode None None None None None C-Max None C-Max

v/c Ratio 0.85 0.57 0.01 0.18 0.10 0.39

Control Delay 139.1 46.7 3.5 6.4 3.2 5.1

Queue Delay 0.0 0.0 0.0 0.0 0.0 1.3

Total Delay 139.1 46.7 3.5 6.4 3.2 6.4

Queue Length 50th (ft) 73 47 1 80 14 153

Queue Length 95th (ft) 111 84 2 87 21 215

Internal Link Dist (ft) 161 515 1023 369

Turn Bay Length (ft) 62 124

Base Capacity (vph) 280 494 507 2633 763 2853

Starvation Cap Reductn 0 0 0 0 0 1451

Spillback Cap Reductn 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0

Reduced v/c Ratio 0.24 0.20 0.01 0.18 0.10 0.79

Intersection Summary

Cycle Length: 180

Actuated Cycle Length: 180

Offset: 0 (0%), Referenced to phase 2:NBTL and 6:SBTL, Start of Yellow

Natural Cycle: 65

Control Type: Actuated-Coordinated

Splits and Phases:     1: Alton Road & 4th Street
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 42 3 6 17 8 52 2 345 18 56 795 43

Future Volume (veh/h) 42 3 6 17 8 52 2 345 18 56 795 43

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 0.95 0.92 0.95 0.91 1.00 0.96 1.00 0.96

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 55 4 8 22 11 68 3 454 24 74 1046 57

Peak Hour Factor 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76 0.76

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 115 10 12 49 26 103 315 2587 136 743 2660 145

Arrive On Green 0.10 0.10 0.10 0.10 0.10 0.10 0.00 0.76 0.76 0.01 0.26 0.26

Sat Flow, veh/h 823 100 125 255 270 1082 1767 3398 179 1767 3390 185

Grp Volume(v), veh/h 67 0 0 101 0 0 3 235 243 74 544 559

Grp Sat Flow(s),veh/h/ln 1048 0 0 1607 0 0 1767 1763 1814 1767 1763 1812

Q Serve(g_s), s 1.8 0.0 0.0 0.0 0.0 0.0 0.1 6.6 6.7 1.6 45.8 45.8

Cycle Q Clear(g_c), s 12.3 0.0 0.0 10.6 0.0 0.0 0.1 6.6 6.7 1.6 45.8 45.8

Prop In Lane 0.82 0.12 0.22 0.67 1.00 0.10 1.00 0.10

Lane Grp Cap(c), veh/h 136 0 0 177 0 0 315 1342 1381 743 1383 1422

V/C Ratio(X) 0.49 0.00 0.00 0.57 0.00 0.00 0.01 0.18 0.18 0.10 0.39 0.39

Avail Cap(c_a), veh/h 400 0 0 471 0 0 476 1342 1381 862 1383 1422

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.33 0.33

Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00

Uniform Delay (d), s/veh 79.4 0.0 0.0 78.6 0.0 0.0 9.8 5.9 5.9 4.4 31.4 31.4

Incr Delay (d2), s/veh 2.0 0.0 0.0 2.9 0.0 0.0 0.0 0.3 0.3 0.1 0.8 0.8

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 3.1 0.0 0.0 4.7 0.0 0.0 0.0 2.6 2.6 0.6 22.2 22.9

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 81.4 0.0 0.0 81.5 0.0 0.0 9.8 6.2 6.2 4.5 32.2 32.2

LnGrp LOS F A A F A A A A A A C C

Approach Vol, veh/h 67 101 481 1177

Approach Delay, s/veh 81.4 81.5 6.2 30.4

Approach LOS F F A C

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 11.9 144.0 24.1 7.7 148.2 24.1

Change Period (Y+Rc), s 7.0 7.0 7.0 7.0 7.0 7.0

Max Green Setting (Gmax), s 17.0 88.0 54.0 17.0 88.0 54.0

Max Q Clear Time (g_c+I1), s 3.6 8.7 14.3 2.1 47.8 12.6

Green Ext Time (p_c), s 0.1 2.5 0.3 0.0 2.7 0.7

Intersection Summary

HCM 6th Ctrl Delay 28.8

HCM 6th LOS C
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Intersection

Intersection Delay, s/veh 7.7

Intersection LOS A

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Vol, veh/h 25 26 15 3 41 34 12 42 3 9 36 3

Future Vol, veh/h 25 26 15 3 41 34 12 42 3 9 36 3

Peak Hour Factor 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84 0.84

Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3

Mvmt Flow 30 31 18 4 49 40 14 50 4 11 43 4

Number of Lanes 0 1 0 0 1 0 0 1 0 0 1 0

Approach EB WB NB SB

Opposing Approach WB EB SB NB

Opposing Lanes 1 1 1 1

Conflicting Approach Left SB NB EB WB

Conflicting Lanes Left 1 1 1 1

Conflicting Approach Right NB SB WB EB

Conflicting Lanes Right 1 1 1 1

HCM Control Delay 7.7 7.5 7.8 7.7

HCM LOS A A A A

        

Lane NBLn1 EBLn1 WBLn1 SBLn1

Vol Left, % 21% 38% 4% 19%

Vol Thru, % 74% 39% 53% 75%

Vol Right, % 5% 23% 44% 6%

Sign Control Stop Stop Stop Stop

Traffic Vol by Lane 57 66 78 48

LT Vol 12 25 3 9

Through Vol 42 26 41 36

RT Vol 3 15 34 3

Lane Flow Rate 68 79 93 57

Geometry Grp 1 1 1 1

Degree of Util (X) 0.081 0.091 0.103 0.068

Departure Headway (Hd) 4.304 4.179 3.974 4.301

Convergence, Y/N Yes Yes Yes Yes

Cap 820 844 887 819

Service Time 2.399 2.272 2.067 2.4

HCM Lane V/C Ratio 0.083 0.094 0.105 0.07

HCM Control Delay 7.8 7.7 7.5 7.7

HCM Lane LOS A A A A

HCM 95th-tile Q 0.3 0.3 0.3 0.2
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 36 1101 4 868 38 41 20 48 71

Future Volume (vph) 36 1101 4 868 38 41 20 48 71

Lane Group Flow (vph) 40 1275 4 973 0 97 0 75 79

Turn Type Prot NA Prot NA Perm NA Perm NA pm+ov

Protected Phases 5 2 1 6 8 4 5

Permitted Phases 8 4 4

Detector Phase 5 2 1 6 8 8 4 4 5

Switch Phase

Minimum Initial (s) 5.0 7.0 5.0 7.0 7.0 7.0 7.0 7.0 5.0

Minimum Split (s) 11.0 24.0 12.0 24.0 25.0 25.0 25.0 25.0 11.0

Total Split (s) 18.0 108.0 12.0 102.0 60.0 60.0 60.0 60.0 18.0

Total Split (%) 10.0% 60.0% 6.7% 56.7% 33.3% 33.3% 33.3% 33.3% 10.0%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 2.0 2.0 3.0 2.0 3.0 3.0 3.0 3.0 2.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 7.0 6.0 7.0 7.0 6.0

Lead/Lag Lead Lag Lead Lag Lead

Lead-Lag Optimize? Yes Yes Yes Yes Yes

Recall Mode None C-Max None C-Max None None None None None

v/c Ratio 0.48 0.31 0.08 0.26 0.72 0.56 0.28

Control Delay 101.8 4.6 88.0 7.2 105.1 93.3 12.6

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 101.8 4.6 88.0 7.2 105.1 93.3 12.6

Queue Length 50th (ft) 47 100 5 115 110 87 0

Queue Length 95th (ft) 92 208 20 168 174 143 48

Internal Link Dist (ft) 763 1859 253 306

Turn Bay Length (ft) 140 155 58

Base Capacity (vph) 116 4108 51 3804 434 441 313

Starvation Cap Reductn 0 0 0 0 0 0 0

Spillback Cap Reductn 0 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0 0

Reduced v/c Ratio 0.34 0.31 0.08 0.26 0.22 0.17 0.25

Intersection Summary

Cycle Length: 180

Actuated Cycle Length: 180

Offset: 128 (71%), Referenced to phase 2:EBT and 6:WBT, Start of Yellow

Natural Cycle: 65

Control Type: Actuated-Coordinated

Splits and Phases:     3: Michigan Avenue & 5th Street
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 36 1101 47 4 868 8 38 41 8 20 48 71

Future Volume (veh/h) 36 1101 47 4 868 8 38 41 8 20 48 71

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 0.96 1.00 0.98 0.98 0.95 0.99 0.95

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 40 1223 52 4 964 9 42 46 9 22 53 79

Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 52 3888 165 9 3950 37 68 66 11 59 128 198

Arrive On Green 0.01 0.26 0.26 0.01 0.76 0.76 0.10 0.10 0.10 0.10 0.10 0.10

Sat Flow, veh/h 1767 4972 211 1767 5174 48 382 653 106 327 1255 1491

Grp Volume(v), veh/h 40 831 444 4 629 344 97 0 0 75 0 79

Grp Sat Flow(s),veh/h/ln 1767 1689 1807 1767 1689 1846 1141 0 0 1582 0 1491

Q Serve(g_s), s 4.1 35.7 35.8 0.4 9.7 9.8 8.4 0.0 0.0 0.0 0.0 8.8

Cycle Q Clear(g_c), s 4.1 35.7 35.8 0.4 9.7 9.8 15.8 0.0 0.0 7.5 0.0 8.8

Prop In Lane 1.00 0.12 1.00 0.03 0.43 0.09 0.29 1.00

Lane Grp Cap(c), veh/h 52 2641 1413 9 2578 1409 145 0 0 187 0 198

V/C Ratio(X) 0.78 0.31 0.31 0.45 0.24 0.24 0.67 0.00 0.00 0.40 0.00 0.40

Avail Cap(c_a), veh/h 118 2641 1413 49 2578 1409 431 0 0 506 0 485

HCM Platoon Ratio 0.33 0.33 0.33 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 88.5 27.8 27.8 89.3 6.2 6.2 80.6 0.0 0.0 75.8 0.0 71.8

Incr Delay (d2), s/veh 8.9 0.3 0.6 12.6 0.2 0.4 3.9 0.0 0.0 1.0 0.0 1.0

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 2.0 16.4 17.7 0.2 3.4 3.8 4.7 0.0 0.0 3.4 0.0 3.5

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 97.4 28.1 28.4 101.9 6.4 6.6 84.5 0.0 0.0 76.8 0.0 72.7

LnGrp LOS F C C F A A F A A E A E

Approach Vol, veh/h 1315 977 97 154

Approach Delay, s/veh 30.3 6.9 84.5 74.7

Approach LOS C A F E

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 7.9 146.8 25.3 11.3 143.4 25.3

Change Period (Y+Rc), s 7.0 6.0 7.0 6.0 6.0 7.0

Max Green Setting (Gmax), s 5.0 102.0 53.0 12.0 96.0 53.0

Max Q Clear Time (g_c+I1), s 2.4 37.8 10.8 6.1 11.8 17.8

Green Ext Time (p_c), s 0.0 3.3 0.6 0.0 2.3 0.5

Intersection Summary

HCM 6th Ctrl Delay 26.1

HCM 6th LOS C
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT

Lane Configurations

Traffic Volume (vph) 63 21 35 9 9 1010 80 888

Future Volume (vph) 63 21 35 9 9 1010 80 888

Lane Group Flow (vph) 0 106 0 161 10 1148 89 1057

Turn Type Perm NA Perm NA pm+pt NA pm+pt NA

Protected Phases 4 8 5 2 1 6

Permitted Phases 4 8 2 6

Detector Phase 4 4 8 8 5 2 1 6

Switch Phase

Minimum Initial (s) 7.0 7.0 5.0 5.0 5.0 7.0 5.0 7.0

Minimum Split (s) 25.0 25.0 25.0 25.0 12.0 25.0 14.0 25.0

Total Split (s) 61.0 61.0 61.0 61.0 24.0 95.0 24.0 95.0

Total Split (%) 33.9% 33.9% 33.9% 33.9% 13.3% 52.8% 13.3% 52.8%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 3.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 7.0 7.0 7.0 7.0 7.0 7.0

Lead/Lag Lead Lag Lead Lag

Lead-Lag Optimize? Yes Yes Yes Yes

Recall Mode None None None None None C-Max None C-Max

v/c Ratio 1.06 0.73 0.03 0.45 0.25 0.39

Control Delay 176.2 62.8 4.9 11.4 5.9 8.0

Queue Delay 0.0 0.0 0.0 0.0 0.0 1.9

Total Delay 176.2 62.8 4.9 11.4 5.9 9.9

Queue Length 50th (ft) ~134 112 2 266 18 156

Queue Length 95th (ft) #224 193 8 385 40 323

Internal Link Dist (ft) 161 515 1023 369

Turn Bay Length (ft) 62 124

Base Capacity (vph) 256 477 500 2531 436 2692

Starvation Cap Reductn 0 0 0 0 0 1420

Spillback Cap Reductn 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0

Reduced v/c Ratio 0.41 0.34 0.02 0.45 0.20 0.83

Intersection Summary

Cycle Length: 180

Actuated Cycle Length: 180

Offset: 0 (0%), Referenced to phase 2:NBTL and 6:SBTL, Start of Yellow

Natural Cycle: 70

Control Type: Actuated-Coordinated

~    Volume exceeds capacity, queue is theoretically infinite.

     Queue shown is maximum after two cycles.

#    95th percentile volume exceeds capacity, queue may be longer.

     Queue shown is maximum after two cycles.

Splits and Phases:     1: Alton Road & 4th Street
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 63 21 12 35 9 101 9 1010 23 80 888 63

Future Volume (veh/h) 63 21 12 35 9 101 9 1010 23 80 888 63

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 0.99 0.92 1.00 0.92 1.00 0.96 1.00 0.96

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 70 23 13 39 10 112 10 1122 26 89 987 70

Peak Hour Factor 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 108 34 15 65 21 141 324 2569 60 382 2485 176

Arrive On Green 0.13 0.13 0.13 0.13 0.13 0.13 0.01 0.73 0.73 0.01 0.25 0.25

Sat Flow, veh/h 598 268 121 322 169 1122 1767 3518 82 1767 3327 236

Grp Volume(v), veh/h 106 0 0 161 0 0 10 562 586 89 523 534

Grp Sat Flow(s),veh/h/ln 987 0 0 1613 0 0 1767 1763 1836 1767 1763 1800

Q Serve(g_s), s 2.8 0.0 0.0 0.0 0.0 0.0 0.3 22.7 22.7 2.3 44.6 44.6

Cycle Q Clear(g_c), s 20.0 0.0 0.0 17.2 0.0 0.0 0.3 22.7 22.7 2.3 44.6 44.6

Prop In Lane 0.66 0.12 0.24 0.70 1.00 0.04 1.00 0.13

Lane Grp Cap(c), veh/h 157 0 0 227 0 0 324 1288 1341 382 1317 1345

V/C Ratio(X) 0.67 0.00 0.00 0.71 0.00 0.00 0.03 0.44 0.44 0.23 0.40 0.40

Avail Cap(c_a), veh/h 397 0 0 480 0 0 471 1288 1341 500 1317 1345

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.33 0.33 0.33

Upstream Filter(I) 1.00 0.00 0.00 1.00 0.00 0.00 1.00 1.00 1.00 1.00 1.00 1.00

Uniform Delay (d), s/veh 77.8 0.0 0.0 76.5 0.0 0.0 11.0 9.6 9.6 7.5 34.0 34.0

Incr Delay (d2), s/veh 3.7 0.0 0.0 4.0 0.0 0.0 0.0 1.1 1.0 0.3 0.9 0.9

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 5.1 0.0 0.0 7.6 0.0 0.0 0.1 9.1 9.5 0.9 21.6 22.1

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 81.5 0.0 0.0 80.5 0.0 0.0 11.0 10.7 10.6 7.8 34.9 34.8

LnGrp LOS F A A F A A B B B A C C

Approach Vol, veh/h 106 161 1158 1146

Approach Delay, s/veh 81.5 80.5 10.7 32.8

Approach LOS F F B C

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 11.9 138.5 29.6 9.0 141.4 29.6

Change Period (Y+Rc), s 7.0 7.0 7.0 7.0 7.0 7.0

Max Green Setting (Gmax), s 17.0 88.0 54.0 17.0 88.0 54.0

Max Q Clear Time (g_c+I1), s 4.3 24.7 22.0 2.3 46.6 19.2

Green Ext Time (p_c), s 0.1 8.0 0.5 0.0 2.6 1.1

Intersection Summary

HCM 6th Ctrl Delay 27.8

HCM 6th LOS C



411 Michigan 2023 Build Conditions

2: Michigan Avenue & 4th Street PM Peak Hour

HCM 6th AWSC Synchro 10 Report
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Intersection

Intersection Delay, s/veh 8.6

Intersection LOS A

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Vol, veh/h 14 79 17 7 115 34 22 64 3 19 57 27

Future Vol, veh/h 14 79 17 7 115 34 22 64 3 19 57 27

Peak Hour Factor 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88

Heavy Vehicles, % 3 3 3 3 3 3 3 3 3 3 3 3

Mvmt Flow 16 90 19 8 131 39 25 73 3 22 65 31

Number of Lanes 0 1 0 0 1 0 0 1 0 0 1 0

Approach EB WB NB SB

Opposing Approach WB EB SB NB

Opposing Lanes 1 1 1 1

Conflicting Approach Left SB NB EB WB

Conflicting Lanes Left 1 1 1 1

Conflicting Approach Right NB SB WB EB

Conflicting Lanes Right 1 1 1 1

HCM Control Delay 8.5 8.8 8.6 8.5

HCM LOS A A A A

        

Lane NBLn1 EBLn1 WBLn1 SBLn1

Vol Left, % 25% 13% 4% 18%

Vol Thru, % 72% 72% 74% 55%

Vol Right, % 3% 15% 22% 26%

Sign Control Stop Stop Stop Stop

Traffic Vol by Lane 89 110 156 103

LT Vol 22 14 7 19

Through Vol 64 79 115 57

RT Vol 3 17 34 27

Lane Flow Rate 101 125 177 117

Geometry Grp 1 1 1 1

Degree of Util (X) 0.135 0.16 0.222 0.151

Departure Headway (Hd) 4.821 4.611 4.499 4.655

Convergence, Y/N Yes Yes Yes Yes

Cap 742 776 798 769

Service Time 2.861 2.647 2.532 2.694

HCM Lane V/C Ratio 0.136 0.161 0.222 0.152

HCM Control Delay 8.6 8.5 8.8 8.5

HCM Lane LOS A A A A

HCM 95th-tile Q 0.5 0.6 0.8 0.5
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Lane Group EBL EBT WBL WBT NBL NBT SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 113 1315 11 1788 68 59 21 36 117

Future Volume (vph) 113 1315 11 1788 68 59 21 36 117

Lane Group Flow (vph) 119 1422 12 1925 0 160 0 60 123

Turn Type Prot NA Prot NA Perm NA Perm NA pm+ov

Protected Phases 5 2 1 6 8 4 5

Permitted Phases 8 4 4

Detector Phase 5 2 1 6 8 8 4 4 5

Switch Phase

Minimum Initial (s) 5.0 7.0 5.0 7.0 7.0 7.0 7.0 7.0 5.0

Minimum Split (s) 11.0 24.0 12.0 24.0 25.0 25.0 25.0 25.0 11.0

Total Split (s) 23.0 99.0 16.0 92.0 55.0 55.0 55.0 55.0 23.0

Total Split (%) 13.5% 58.2% 9.4% 54.1% 32.4% 32.4% 32.4% 32.4% 13.5%

Yellow Time (s) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0

All-Red Time (s) 2.0 2.0 3.0 2.0 3.0 3.0 3.0 3.0 2.0

Lost Time Adjust (s) 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Lost Time (s) 6.0 6.0 7.0 6.0 7.0 7.0 6.0

Lead/Lag Lead Lag Lead Lag Lead

Lead-Lag Optimize? Yes Yes Yes Yes Yes

Recall Mode None C-Max None C-Max None None None None None

v/c Ratio 0.73 0.38 0.20 0.59 0.79 0.31 0.33

Control Delay 98.1 8.7 86.7 18.3 93.7 68.4 41.4

Queue Delay 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total Delay 98.1 8.7 86.7 18.3 93.7 68.4 41.4

Queue Length 50th (ft) 131 150 13 415 169 61 92

Queue Length 95th (ft) 200 300 38 580 244 106 135

Internal Link Dist (ft) 763 1859 253 306

Turn Bay Length (ft) 140 155 58

Base Capacity (vph) 188 3777 92 3288 417 406 393

Starvation Cap Reductn 0 0 0 0 0 0 0

Spillback Cap Reductn 0 0 0 0 0 0 0

Storage Cap Reductn 0 0 0 0 0 0 0

Reduced v/c Ratio 0.63 0.38 0.13 0.59 0.38 0.15 0.31

Intersection Summary

Cycle Length: 170

Actuated Cycle Length: 170

Offset: 62 (36%), Referenced to phase 2:EBT and 6:WBT, Start of Yellow

Natural Cycle: 70

Control Type: Actuated-Coordinated

Splits and Phases:     3: Michigan Avenue & 5th Street
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (veh/h) 113 1315 36 11 1788 41 68 59 25 21 36 117

Future Volume (veh/h) 113 1315 36 11 1788 41 68 59 25 21 36 117

Initial Q (Qb), veh 0 0 0 0 0 0 0 0 0 0 0 0

Ped-Bike Adj(A_pbT) 1.00 0.94 1.00 0.93 0.98 0.96 1.00 0.94

Parking Bus, Adj 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Work Zone On Approach No No No No

Adj Sat Flow, veh/h/ln 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856 1856

Adj Flow Rate, veh/h 119 1384 38 12 1882 43 72 62 26 22 38 123

Peak Hour Factor 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

Percent Heavy Veh, % 3 3 3 3 3 3 3 3 3 3 3 3

Cap, veh/h 138 3668 101 22 3384 77 104 79 29 91 144 337

Arrive On Green 0.08 0.73 0.73 0.01 0.67 0.67 0.14 0.14 0.14 0.14 0.14 0.14

Sat Flow, veh/h 1767 5058 139 1767 5085 116 504 546 204 427 998 1480

Grp Volume(v), veh/h 119 924 498 12 1249 676 160 0 0 60 0 123

Grp Sat Flow(s),veh/h/ln 1767 1689 1820 1767 1689 1824 1255 0 0 1425 0 1480

Q Serve(g_s), s 11.3 17.6 17.6 1.1 33.4 33.5 16.3 0.0 0.0 0.0 0.0 12.0

Cycle Q Clear(g_c), s 11.3 17.6 17.6 1.1 33.4 33.5 21.7 0.0 0.0 5.5 0.0 12.0

Prop In Lane 1.00 0.08 1.00 0.06 0.45 0.16 0.37 1.00

Lane Grp Cap(c), veh/h 138 2449 1320 22 2247 1214 212 0 0 235 0 337

V/C Ratio(X) 0.86 0.38 0.38 0.53 0.56 0.56 0.76 0.00 0.00 0.26 0.00 0.37

Avail Cap(c_a), veh/h 177 2449 1320 94 2247 1214 411 0 0 456 0 541

HCM Platoon Ratio 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Upstream Filter(I) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 0.00 1.00 0.00 1.00

Uniform Delay (d), s/veh 77.4 8.8 8.8 83.4 15.1 15.1 72.7 0.0 0.0 64.4 0.0 56.0

Incr Delay (d2), s/veh 23.3 0.4 0.8 7.1 1.0 1.8 4.0 0.0 0.0 0.4 0.0 0.5

Initial Q Delay(d3),s/veh 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

%ile BackOfQ(50%),veh/ln 6.1 6.4 7.1 0.6 12.9 14.2 7.2 0.0 0.0 2.4 0.0 4.6

Unsig. Movement Delay, s/veh

LnGrp Delay(d),s/veh 100.7 9.3 9.7 90.5 16.1 17.0 76.7 0.0 0.0 64.8 0.0 56.5

LnGrp LOS F A A F B B E A A E A E

Approach Vol, veh/h 1541 1937 160 183

Approach Delay, s/veh 16.5 16.9 76.7 59.2

Approach LOS B B E E

Timer - Assigned Phs 1 2 4 5 6 8

Phs Duration (G+Y+Rc), s 9.2 129.3 31.6 19.3 119.1 31.6

Change Period (Y+Rc), s 7.0 6.0 7.0 6.0 6.0 7.0

Max Green Setting (Gmax), s 9.0 93.0 48.0 17.0 86.0 48.0

Max Q Clear Time (g_c+I1), s 3.1 19.6 14.0 13.3 35.5 23.7

Green Ext Time (p_c), s 0.0 3.9 0.6 0.0 6.1 0.8

Intersection Summary

HCM 6th Ctrl Delay 21.2

HCM 6th LOS C
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Movement EBL EBR NBL NBT SBT SBR

Lane Configurations

Traffic Volume (veh/h) 0 12 0 0 0 0

Future Volume (Veh/h) 0 12 0 0 0 0

Sign Control Stop Free Free

Grade 0% 0% 0%

Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92

Hourly flow rate (vph) 0 13 0 0 0 0

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (ft) 166

pX, platoon unblocked

vC, conflicting volume 0 0 0

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 0 0 0

tC, single (s) 6.4 6.2 4.1

tC, 2 stage (s)

tF (s) 3.5 3.3 2.2

p0 queue free % 100 99 100

cM capacity (veh/h) 1023 1085 1623

Direction, Lane # EB 1 EB 2 SB 1

Volume Total 6 6 0

Volume Left 0 0 0

Volume Right 6 6 0

cSH 1085 1085 1700

Volume to Capacity 0.01 0.01 0.00

Queue Length 95th (ft) 0 0 0

Control Delay (s) 8.3 8.3 0.0

Lane LOS A A

Approach Delay (s) 8.3 0.0

Approach LOS A

Intersection Summary

Average Delay 8.3

Intersection Capacity Utilization 6.7% ICU Level of Service A

Analysis Period (min) 15
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Movement WBL WBR NBT NBR SBL SBT

Lane Configurations

Traffic Volume (veh/h) 19 53 112 0 0 83

Future Volume (Veh/h) 19 53 112 0 0 83

Sign Control Stop Free Free

Grade 0% 0% 0%

Peak Hour Factor 0.92 0.92 0.92 0.92 0.92 0.92

Hourly flow rate (vph) 21 58 122 0 0 90

Pedestrians

Lane Width (ft)

Walking Speed (ft/s)

Percent Blockage

Right turn flare (veh)

Median type None None

Median storage veh)

Upstream signal (ft) 195

pX, platoon unblocked 1.00

vC, conflicting volume 212 122 122

vC1, stage 1 conf vol

vC2, stage 2 conf vol

vCu, unblocked vol 206 122 122

tC, single (s) 6.4 6.2 4.1

tC, 2 stage (s)

tF (s) 3.5 3.3 2.2

p0 queue free % 97 94 100

cM capacity (veh/h) 779 929 1465

Direction, Lane # WB 1 WB 2 NB 1 SB 1

Volume Total 21 58 122 90

Volume Left 21 0 0 0

Volume Right 0 58 0 0

cSH 779 929 1700 1700

Volume to Capacity 0.03 0.06 0.07 0.05

Queue Length 95th (ft) 2 5 0 0

Control Delay (s) 9.7 9.1 0.0 0.0

Lane LOS A A

Approach Delay (s) 9.3 0.0 0.0

Approach LOS A

Intersection Summary

Average Delay 2.5

Intersection Capacity Utilization 15.9% ICU Level of Service A

Analysis Period (min) 15

























Speed (mph) Speed (mps) Distance to Car Elevator Parking (m) Travel Time (sec)

Activity Service Time (min) From Valet 10 4.44 60.00 13.50

Vehicle Pick-Up 0.40

Vehicle Travel Time (Weighted Avg.) 0.21 Speed (mph) Speed (mps) Distance to Ground Floor Parking (m) Travel Time (sec)

Signal Delay Based on Synchro 0.00 From Basement 10 4.44 50.00 11.25

Lift Time Get on (Weighted Avg.) 1.51

Car Elevator Time (Weighted Avg.) 1.33 Speed (mph) Speed (mps) Distance to Basement Floor Parking (m) Travel Time (sec)

Return to Valet booth  (Weighted Avg.) 0.40 From Car elevator 10 4.44 0.00 120.00

Total Service Time 3.85

Speed (mph) Speed (mps) Distance to Valet Pick-up (m) Travel Time (sec)

From Car elevator 10 4.44 60.00 13.50

Activity Service Time (min)

Get Ticket/Keys 0.15

Pickup Car Time (Weighted Avg.) 0.40 30 spaces

Lift Time Get off (Weighted Avg.) 2.17 59 spaces

Car Elevator Time (Weighted Avg.) 1.33

Vehicle Travel Time (Weighted Avg.) 0.21

Signal Delay Based on Synchro 0.00 1 min

Return car 0.20 0.1 min

Total Service Time 4.47

1 min

2.5 min

1.5 min

3.5 min

* Assumes one personnel at basement floor controlling lifts. 

Lift Time Get On

Double Stackers Lift-Time*

Tripple Stackers Lift-Time

Lift Time Get Off

Double Stackers Lift-Time*

Tripple Stackers Lift-Time

Return to Valet booth from Ground Floor

Valet Service Time Calculations 
411 MICHIGAN VALET OPERATIONS

Scenario 1: Driveway operates as Ingress in the Morning and egress in the Afternoon; Alley operates as two-way in the portion of our site (assumed drop-off for only AM and pick-up for only PM)

Travel Time from Valet Booth to Valet Parking Spaces

Valet Service Time Drop-off

 Valet Service Time Pick-up

Valet Parking Spaces 

Lift Spaces Ground Floor

Lift Spaces in the Basement Floor 

Valet Operator time to return to Valet Booth 

Return to Valet booth from Basement



Speed (mph) Speed (mps) Distance to Car Elevator Parking (m) Travel Time (sec)

Activity Service Time (min) From Valet 10 4.44 160.00 36.00

Vehicle Pick-Up 0.40

Vehicle Travel Time (Weighted Avg.) 0.46 Speed (mph) Speed (mps) Distance to Ground Floor Parking (m) Travel Time (sec)

Signal Delay Based on Synchro 1.41 From Basement 10 4.44 50.00 11.25

Lift Time Get on (Weighted Avg.) 1.51

Car Elevator Time (Weighted Avg.) 1.33 Speed (mph) Speed (mps) Distance to Basement Floor Parking (m) Travel Time (sec)

Return to Valet booth  (Weighted Avg.) 0.40 From Car elevator 10 4.44 0.00 120.00

Total Service Time 5.50

Speed (mph) Speed (mps) Distance to Valet Pick-up (m) Travel Time (sec)

From Car elevator 10 4.44 60.00 13.50

Activity Service Time (min)

Get Ticket/Keys 0.15

Pickup Car Time (Weighted Avg.) 0.40 30 spaces

Lift Time Get off (Weighted Avg.) 2.17 59 spaces

Car Elevator Time (Weighted Avg.) 1.33

Vehicle Travel Time (Weighted Avg.) 0.21

Signal Delay Based on Synchro 0.00 1 min

Return car 0.20 0.1 min

Total Service Time 4.47

1 min

2.5 min

1.5 min

3.5 min

Valet Parking Spaces 

Scenario 2: All Vehicles Enter through the Alley and exit through the Driveway

Valet Service Time Calculations 
411 MICHIGAN VALET OPERATIONS

Travel Time from Valet Booth to Valet Parking Spaces

Valet Service Time Drop-off

 Valet Service Time Pick-up

* Assumes one personnel at basement floor controlling lifts. 

Lift Spaces Ground Floor

Lift Spaces in the Basement Floor 

Valet Operator time to return to Valet Booth 

Return to Valet booth from Basement

Return to Valet booth from Ground Floor

Lift Time Get On

Double Stackers Lift-Time*

Tripple Stackers Lift-Time

Lift Time Get Off

Double Stackers Lift-Time*

Tripple Stackers Lift-Time



Speed (mph) Speed (mps) Distance to Car Elevator Parking (m) Travel Time (sec)

Activity Service Time (min) From Valet 10 4.44 300.00 67.50

Vehicle Pick-Up 0.40

Vehicle Travel Time (Weighted Avg.) 0.81 Speed (mph) Speed (mps) Distance to Ground Floor Parking (m) Travel Time (sec)

Signal Delay Based on Synchro 1.56 From Basement 10 4.44 50.00 11.25

Lift Time Get on (Weighted Avg.) 1.51

Car Elevator Time (Weighted Avg.) 1.33 Speed (mph) Speed (mps) Distance to Basement Floor Parking (m) Travel Time (sec)

Return to Valet booth  (Weighted Avg.) 0.40 From Car elevator 10 4.44 0.00 120.00

Total Service Time 6.00

Speed (mph) Speed (mps) Distance to Valet Pick-up (m) Travel Time (sec)

From Car elevator 10 4.44 180.00 40.50

Activity Service Time (min)

Get Ticket/Keys 0.15

Pickup Car Time (Weighted Avg.) 0.40 30 spaces

Lift Time Get off (Weighted Avg.) 2.17 59 spaces

Car Elevator Time (Weighted Avg.) 1.33

Vehicle Travel Time (Weighted Avg.) 0.51

Signal Delay Based on Synchro 0.15 1 min

Return car 0.20 0.1 min

Total Service Time 4.91

1 min

2.5 min

1.5 min

3.5 min

* Assumes one personnel at basement floor controlling lifts. 

Lift Time Get On

Double Stackers Lift-Time*

Tripple Stackers Lift-Time

Lift Time Get Off

Double Stackers Lift-Time*

Tripple Stackers Lift-Time

Return to Valet booth from Ground Floor

Valet Service Time Calculations 
411 MICHIGAN VALET OPERATIONS

Scenario 3: All Vehicles Enter through the Driveway and exit through the Alley

Travel Time from Valet Booth to Valet Parking Spaces

Valet Service Time Drop-off

 Valet Service Time Pick-up

Valet Parking Spaces 

Lift Spaces Ground Floor

Lift Spaces in the Basement Floor 

Valet Operator time to return to Valet Booth 

Return to Valet booth from Basement



Speed (mph) Speed (mps) Distance to Car Elevator Parking (m) Travel Time (sec)

Activity Service Time (min) From Valet 10 4.44 300.00 67.50

Vehicle Pick-Up 0.40

Vehicle Travel Time (Weighted Avg.) 0.81 Speed (mph) Speed (mps) Distance to Ground Floor Parking (m) Travel Time (sec)

Signal Delay Based on Synchro 1.56 From Basement 10 4.44 50.00 11.25

Lift Time Get on (Weighted Avg.) 1.51

Car Elevator Time (Weighted Avg.) 1.33 Speed (mph) Speed (mps) Distance to Basement Floor Parking (m) Travel Time (sec)

Return to Valet booth  (Weighted Avg.) 0.40 From Car elevator 10 4.44 0.00 120.00

Total Service Time 6.00

Speed (mph) Speed (mps) Distance to Valet Pick-up (m) Travel Time (sec)

From Car elevator 10 4.44 60.00 13.50

Activity Service Time (min)

Get Ticket/Keys 0.15

Pickup Car Time (Weighted Avg.) 0.40 30 spaces

Lift Time Get off (Weighted Avg.) 2.17 59 spaces

Car Elevator Time (Weighted Avg.) 1.33

Vehicle Travel Time (Weighted Avg.) 0.21

Signal Delay Based on Synchro 0.00 1 min

Return car 0.20 0.1 min

Total Service Time 4.47

1 min

2.5 min

1.5 min

3.5 min

* Assumes one personnel at basement floor controlling lifts. 

Lift Time Get On

Double Stackers Lift-Time*

Tripple Stackers Lift-Time

Lift Time Get Off

Double Stackers Lift-Time*

Tripple Stackers Lift-Time

Return to Valet booth from Ground Floor

Valet Service Time Calculations 
411 MICHIGAN VALET OPERATIONS

Scenario 4: Driveway operates as Ingress in the Morning and egress in the Afternoon; Alley operates as one-way in the portion of our site (assumed drop-off for only AM and pick-up for only PM)

Travel Time from Valet Booth to Valet Parking Spaces

Valet Service Time Drop-off

 Valet Service Time Pick-up

Valet Parking Spaces 

Lift Spaces Ground Floor

Lift Spaces in the Basement Floor 

Valet Operator time to return to Valet Booth 

Return to Valet booth from Basement



710 53 10 63

820 1 2 3

54 12 66

54
5%

Service Time (min): 3.85
Number of Operators: 5

710 13 50 63

N Q q r Qm M 820 20 22 42

2 78.00 54 0.3462 0.1801 0.2 33 72 105

r N=1 2 3 4 6 8 10

12 0.1 0.1000 0.0182 0.0037 0.0008 0.0000 0.0000 0.0000

5% 0.2 0.2000 0.0666 0.0247 0.0093 0.0015 0.0002 0.0000

Service Time (min): 4.47 0.3 0.3000 0.1385 0.0700 0.0370 0.0111 0.0036 0.0011

Number of Operators: 5 0.4 0.4000 0.2286 0.1411 0.0907 0.0400 0.0185 0.0088

0.5 0.5000 0.3333 0.2368 0.1739 0.0991 0.0591 0.0360

N Q q r Qm M 0.6 0.6000 0.4501 0.3548 0.2870 0.1965 0.1395 0.1013

2 68.00 12 0.0882 0.0125 0.0 0.7 0.7000 0.5766 0.4923 0.4286 0.3359 0.2706 0.2218

0.8 0.8000 0.7111 0.6472 0.5964 0.5178 0.4576 0.4093

0.9 0.9000 0.8526 0.8172 0.7878 0.7401 0.7014 0.6687

33 1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

5% * ITE Transportation and Development Table 8.11

Service Time (min): 3.85

Number of Operators: 5 Required queuing storage equation:

N Q q r Qm M M= -1
2 78.00 33 0.2115 0.0749 0.0

where:

N = Number of Lanes

Q = Average Service Rate (veh/hr )

72 q = Peak Hour Arrival Rate (veh/hr)

5% r = Coefficient of Utiliation (q/NQ)

Service Time (min): 4.47 Qm =

Number of Operators: 5

M = Queue length which is exceeded 5% of the time (veh)

N Q q r Qm M

2 68.00 72 0.5294 0.3676 2.1

Afternoon Ingress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street:

Afternoon Egress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street:

Morning Egress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street:

ITE table value of relationship between queue length, number of attendants and utilization factor (ITE 

Transportation and Land Development Table 8.11

Total Trips

Afternoon Peak Hour Trip Generation Summary

Land Use ITE Code In Out Total Trips

OutIn

General Office

Shopping Center

Total

Morning Ingress Peak Hour Valet Parking Queuing Analysis

Drop-off Valet Operation 3.85
Land Use ITE Code

Pick-up Valet Operation 4.47

General Office

Shopping Center

Total

QUEUING ANALYSIS 411 MICHIGAN - Scenario 1

Estimated Service Time

Entrance Type Time (min)* Morning Peak Hour Trip Generation Summary

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street:

ln(0.05) - Ln(Qm)

Ln r



710 53 10 63

820 1 2 3

54 12 66

54
5%

Service Time (min): 5.50
Number of Operators: 5

710 13 50 63

N Q q r Qm M 820 20 22 42

2 55.00 54 0.4909 0.3238 1.6 33 72 105

r N=1 2 3 4 6 8 10

12 0.1 0.1000 0.0182 0.0037 0.0008 0.0000 0.0000 0.0000

5% 0.2 0.2000 0.0666 0.0247 0.0093 0.0015 0.0002 0.0000

Service Time (min): 4.47 0.3 0.3000 0.1385 0.0700 0.0370 0.0111 0.0036 0.0011

Number of Operators: 5 0.4 0.4000 0.2286 0.1411 0.0907 0.0400 0.0185 0.0088

0.5 0.5000 0.3333 0.2368 0.1739 0.0991 0.0591 0.0360

N Q q r Qm M 0.6 0.6000 0.4501 0.3548 0.2870 0.1965 0.1395 0.1013

2 68.00 12 0.0882 0.0125 0.0 0.7 0.7000 0.5766 0.4923 0.4286 0.3359 0.2706 0.2218

0.8 0.8000 0.7111 0.6472 0.5964 0.5178 0.4576 0.4093

0.9 0.9000 0.8526 0.8172 0.7878 0.7401 0.7014 0.6687

33 1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

5% * ITE Transportation and Development Table 8.11

Service Time (min): 5.50

Number of Operators: 5 Required queuing storage equation:

N Q q r Qm M M= -1
2 55.00 33 0.3000 0.1385 0.0

where:

N = Number of Lanes

Q = Average Service Rate (veh/hr )

72 q = Peak Hour Arrival Rate (veh/hr)

5% r = Coefficient of Utiliation (q/NQ)

Service Time (min): 4.47 Qm =

Number of Operators: 5

M = Queue length which is exceeded 5% of the time (veh)

N Q q r Qm M

2 68.00 72 0.5294 0.3677 2.1

ITE table value of relationship between queue length, number of attendants and utilization factor (ITE 

Transportation and Land Development Table 8.11

Probablity of Back-up on Adjacent Street:

General Office

Shopping Center

Total

Morning Egress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street:

Afternoon Ingress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street:

Afternoon Egress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Morning Ingress Peak Hour Valet Parking Queuing Analysis Total

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street: Afternoon Peak Hour Trip Generation Summary

Land Use ITE Code In Out Total Trips

Total Trips
Pick-up Valet Operation 4.47

General Office

In Out

Shopping Center

Drop-off Valet Operation 5.50
Land Use ITE Code

QUEUING ANALYSIS 411 MICHIGAN - Scenario 2

Estimated Service Time

Entrance Type Time (min)* Morning Peak Hour Trip Generation Summary

ln(0.05) - Ln(Qm)

Ln r



710 53 10 63

820 1 2 3

54 12 66

54
5%

Service Time (min): 6.00
Number of Operators: 5

710 13 50 63

N Q q r Qm M 820 20 22 42

2 51.00 54 0.5294 0.3676 2.1 33 72 105

r N=1 2 3 4 6 8 10

12 0.1 0.1000 0.0182 0.0037 0.0008 0.0000 0.0000 0.0000

5% 0.2 0.2000 0.0666 0.0247 0.0093 0.0015 0.0002 0.0000

Service Time (min): 4.91 0.3 0.3000 0.1385 0.0700 0.0370 0.0111 0.0036 0.0011

Number of Operators: 5 0.4 0.4000 0.2286 0.1411 0.0907 0.0400 0.0185 0.0088

0.5 0.5000 0.3333 0.2368 0.1739 0.0991 0.0591 0.0360

N Q q r Qm M 0.6 0.6000 0.4501 0.3548 0.2870 0.1965 0.1395 0.1013

2 62.00 12 0.0968 0.0166 0.0 0.7 0.7000 0.5766 0.4923 0.4286 0.3359 0.2706 0.2218

0.8 0.8000 0.7111 0.6472 0.5964 0.5178 0.4576 0.4093

0.9 0.9000 0.8526 0.8172 0.7878 0.7401 0.7014 0.6687

33 1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

5% * ITE Transportation and Development Table 8.11

Service Time (min): 6.00

Number of Operators: 5 Required queuing storage equation:

N Q q r Qm M M= -1
2 51.00 33 0.3235 0.1597 0.0

where:

N = Number of Lanes

Q = Average Service Rate (veh/hr )

72 q = Peak Hour Arrival Rate (veh/hr)

5% r = Coefficient of Utiliation (q/NQ)

Service Time (min): 4.91 Qm =

Number of Operators: 5

M = Queue length which is exceeded 5% of the time (veh)

N Q q r Qm M

2 62.00 72 0.5806 0.4274 2.9

ITE table value of relationship between queue length, number of attendants and utilization factor (ITE 

Transportation and Land Development Table 8.11

Probablity of Back-up on Adjacent Street:

General Office

Shopping Center

Total

Morning Egress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street:

Afternoon Ingress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street:

Afternoon Egress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Morning Ingress Peak Hour Valet Parking Queuing Analysis Total

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street: Afternoon Peak Hour Trip Generation Summary

Land Use ITE Code In Out Total Trips

Total Trips
Pick-up Valet Operation 4.91

General Office

In Out

Shopping Center

Drop-off Valet Operation 6.00
Land Use ITE Code

QUEUING ANALYSIS 411 MICHIGAN - Scenario 3

Estimated Service Time

Entrance Type Time (min)* Morning Peak Hour Trip Generation Summary

ln(0.05) - Ln(Qm)

Ln r



710 53 10 63

820 1 2 3

54 12 66

54
5%

Service Time (min): 6.00
Number of Operators: 5

710 13 50 63

N Q q r Qm M 820 20 22 42

2 51.00 54 0.5294 0.3676 2.1 33 72 105

r N=1 2 3 4 6 8 10

12 0.1 0.1000 0.0182 0.0037 0.0008 0.0000 0.0000 0.0000

5% 0.2 0.2000 0.0666 0.0247 0.0093 0.0015 0.0002 0.0000

Service Time (min): 4.47 0.3 0.3000 0.1385 0.0700 0.0370 0.0111 0.0036 0.0011

Number of Operators: 5 0.4 0.4000 0.2286 0.1411 0.0907 0.0400 0.0185 0.0088

0.5 0.5000 0.3333 0.2368 0.1739 0.0991 0.0591 0.0360

N Q q r Qm M 0.6 0.6000 0.4501 0.3548 0.2870 0.1965 0.1395 0.1013

2 68.00 12 0.0882 0.0125 0.0 0.7 0.7000 0.5766 0.4923 0.4286 0.3359 0.2706 0.2218

0.8 0.8000 0.7111 0.6472 0.5964 0.5178 0.4576 0.4093

0.9 0.9000 0.8526 0.8172 0.7878 0.7401 0.7014 0.6687

33 1.0 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

5% * ITE Transportation and Development Table 8.11

Service Time (min): 6.00

Number of Operators: 5 Required queuing storage equation:

N Q q r Qm M M= -1
2 51.00 33 0.3235 0.1597 0.0

where:

N = Number of Lanes

Q = Average Service Rate (veh/hr )

72 q = Peak Hour Arrival Rate (veh/hr)

5% r = Coefficient of Utiliation (q/NQ)

Service Time (min): 4.47 Qm =

Number of Operators: 5

M = Queue length which is exceeded 5% of the time (veh)

N Q q r Qm M

2 68.00 72 0.5294 0.3676 2.1

ITE table value of relationship between queue length, number of attendants and utilization factor (ITE 

Transportation and Land Development Table 8.11

Probablity of Back-up on Adjacent Street:

General Office

Shopping Center

Total

Morning Egress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street:

Afternoon Ingress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street:

Afternoon Egress Peak Hour Valet Parking Queuing Analysis

Peak Hour Arrival Rate (veh/hr):

Morning Ingress Peak Hour Valet Parking Queuing Analysis Total

Peak Hour Arrival Rate (veh/hr):

Probablity of Back-up on Adjacent Street: Afternoon Peak Hour Trip Generation Summary

Land Use ITE Code In Out Total Trips

Total Trips
Pick-up Valet Operation 4.47

General Office

In Out

Shopping Center

Drop-off Valet Operation 6.00
Land Use ITE Code

QUEUING ANALYSIS 411 MICHIGAN - Scenario 3

Estimated Service Time

Entrance Type Time (min)* Morning Peak Hour Trip Generation Summary

ln(0.05) - Ln(Qm)

Ln r


















