ENHANCED PARKWAY STUDY:
PHASE 2 — CONTINUOUS FLOW
INTERSECTIONS

Final Report

Prepared for

Maricopa County Department of
Transportation

Prepared by

1| | MORRISON
(i Ml MATERTE, e

December 2007



TABLE OF CONTENTS

Page
EXECUTIVE SUMMARY ES-1
STUDY OVERVIEW ES-1
STUDY METHODOLOGY ES-1
SUMMARY OF RESULTS AND CONCLUSIONS ES-4
INTRODUCTION AND STUDY OVERVIEW 1
GENERAL ANALYSIS APPROACH AND METHODOLOGY 4
BASE NETWORK CONFIGURATION 4
MLT NETWORK CONFIGURATION 4
SINGLE POINT URBAN INTERCHANGE (SPUI) CONFIGURATION 9
CONTINUOUS FLOW INTERSECTION CONFIGURATION 10
TRAFFIC ANALYSIS METHODOLOGY 12
TRAFFIC VOLUMES 12
SIMULATION OF MLT AND CONTINUOUS FLOW INTERSECTIONS 13
ALTERNATIVE ANALYSIS SCENARIOS 17
TRAFFIC SIGNAL TIMING FOR THE ANALYSIS AND COMPARISON OF
ALTERNATIVES 18
PERFORMANCE ANALYSIS METRICS 19
SUMMARY OF TRAFFIC VOLUME, SIGNAL TIMING, AND TRAFFIC SPEED
INPUT VALUES 25
TRAFFIC VOLUME INPUT DATA 25
BASE CAPACITY TRAFFIC VOLUMES 25
MLT CAPACITY VOLUMES 25
CFI CAPACITY VOLUMES 25
TRAFFIC SIGNAL TIMING INPUT VALUES 25
TRAFFIC SPEEDS 26
ANALYSIS RESULTS 33
BASE CAPACITY TRAFFIC VOLUME SCENARIO 33
Aggregate Results for Three Study Intersections with Base Capacity Volumes 34
Parkway-Parkway Intersection (Mile 6) with Base Capacity Volumes 34
Parkway-Major Arterial Intersection (Mile 10) with Base Capacity Volumes 37
Parkway-Minor Arterial Intersection (Mile 7) with Base Capacity Volumes 40
MLT CAPACITY TRAFFIC VOLUME SCENARIO 43
Aggregate Results for Three Study Intersections with MLT Capacity Volumes 43
Parkway-Parkway Intersection (Mile 6) with MLT Capacity Volumes 44
Parkway-Major Arterial Intersection (Mile 10) with MLT Capacity Volumes a7
Parkway-Minor Arterial Intersection (Mile 7) with MLT Capacity Volumes 49
PARKWAY —PARKWAY INTERSECTION (Mile 6) ANALYSIS ASSUMING UNIFORM
VOLUMES 51
CFI CAPACITY TRAFFIC VOLUME SCENARIO 54
MCDOT Enhanced Parkway Study: - :
Phase 2 — Continuous Flow Intersections Lj‘:IMMgIIEI};ES&c

December 2007



TABLE OF CONTENTS

Page

4. ANALYSIS RESULTS (Continued) 33

CFI UNIFORM CAPACITY TRAFFIC VOLUME SCENARIO 57

Comparison of the CFI and SPUI Operations with CFI Uniform Capacity Volumes 60

RIGHT-OF-WAY CONSIDERATIONS 62

CFI ACCESS CONSIDERATIONS 63

5. SUMMARY OF RESULTS AND CONCLUSIONS 65
MCDOT Enhanced Parkway Study: - :
Phase 2 — Continuous Flow Intersections iﬂlﬁ%‘%’;}?ﬁkﬁ

December 2007



LIST OF EXHIBITS

Page

EXHIBIT ES-1 ILLUSTRATION OF A CONTINUOUS FLOW INTERSECTION ES-2
EXHIBIT ES-2 EXAMPLE OF A TYPICAL MLT INTERSECTION ES-4
EXHIBIT ES-3 COMPARISON OF CFI TO MLT DESIGN BY ANALYSIS SCENARIO ES-6
EXHIBIT ES-4 COMPARISON OF SPUI TO CFI DESIGN BY ANALYSIS SCENARIOS ES-7
EXHIBIT 1-1 EXAMPLE OF A CONTINUOUS FLOW INTERSECTION 2
EXHIBIT 1-2 EXAMPLE OF A TYPICAL MLT INTERSECTION 3
EXHIBIT 2-1 GENERAL ROADWAY SCHEME FOR THE ANALYSIS 6
EXHIBIT 2-2 BASE NETWORK INTERSECTION LANE CONFIGURATION, LANE USE,

AND INTERSECTION CONTROL ASSUMPTIONS 7
EXHIBIT 2-3 MLT NETWORK LANE CONFIGURATION, LANE USE, AND

INTERSECTION CONTROL ASSUMPTIONS 8
EXHIBIT 2-4 ASSUMED SPUI CONFIGURATION FOR THE PARKWAY-PARKWAY

INTERSECTION 9
EXHIBIT 2-5 CFI INTERSECTION SCHEMATIC CONFIGURATIONS AND TRAFFIC

CONTROL 11
EXHIBIT 2-6 SIMULATION IMAGE OF AN MLT INTERSECTION 14
EXHIBIT 2-7 SIMULATION IMAGE OF A CFI ON THE BASE NETWORK 15
EXHIBIT 2-8 SIMULATION IMAGE OF A CFI ON THE MLT NETWORK 16
EXHIBIT 2-9 COMPARISON OF TRAFFIC MOVEMENTS THROUGH A STANDARD

INTERSECTION AND AN MLT INTERSECTION 21
EXHIBIT 2-10 STUDY METHOD OF DELAY COMPARISON FOR AN MLT

INTERSECTION 22
EXHIBIT 2-11 TRAFFIC MOVEMENTS THROUGH A CONTINUOUS FLOW

INTERSECTION 23
EXHIBIT 2-12 STUDY METHOD OF DELAY COMPARISON FOR A CONTINUOQUS

FLOW INTERSECTION 24
EXHIBIT 3-1 BASE CAPACITY INPUT TRAFFIC VOLUMES 27
EXHIBIT 3-2 MLT CAPACITY INPUT TRAFFIC VOLUMES 28
EXHIBIT 3-3 PARKWAY-PARKWAY INTERSECTION ANALYSIS INPUT MLT

UNIFORM CAPACITY VOLUMES 28
EXHIBIT 3-4 CFI CAPACITY INPUT TRAFFIC VOLUMES 29
EXHIBIT 3-5 PARKWAY-PARKWAY INTERSECTION ANALYSIS INPUT CFI

UNIFORM CAPACITY VOLUMES 29
EXHIBIT 3-6 TYPICAL TRAFFIC SIGNAL TIMING BY ROADWAY TYPE 30
EXHIBIT 3-7 TRAFFIC SIGNAL TIMING FOR THE PARKWAY-PARKWAY

INTERSECTION ANALYSES 31
EXHIBIT 3-8 INPUT ROADWAY TRAVEL SPEED BY ROADWAY TYPE 32
EXHIBIT 4-1 AGGREGATE INTERSECTION PERFORMANCE MEASURES

WITH BASE CAPACITY VOLUMES 34
EXHIBIT 4-2 INTERSECTION PERFORMANCE MEASURES FOR THE PARKWAY -

PARKWAY (MILE 6) INTERSECTION WITH BASE CAPACITY

VOLUMES 35
MCDOT Enhanced Parkway Study: ] B
Phase 2 — Continuous Flow Intersections L::HMNERLE;'W

December 2007



EXHIBIT 4-3

EXHIBIT 4-4

EXHIBIT 4-5

EXHIBIT 4-6

EXHIBIT 4-7

EXHIBIT 4-8

EXHIBIT 4-9

EXHIBIT 4-10

EXHIBIT 4-11

EXHIBIT 4-12

EXHIBIT 4-13

EXHIBIT 4-14

EXHIBIT 4-15

EXHIBIT 4-16

EXHIBIT 4-17

EXHIBIT 4-18
EXHIBIT 4-19

LIST OF EXHIBITS

PARKWAY-PARKWAY INTERSECTION (MILE 6) DELAY PER
MOVEMENT BY INTERSECTION DESIGN ALTERNATIVE
(Base Capacity Volumes)

INTERSECTION PERFORMANCE MEASURES FOR THE PARKWAY-
MAJOR ARTERIAL (MILE 10) INTERSECTION WITH BASE
CAPACITY VOLUMES

PARKWAY-MAJOR ARTERIAL INTERSECTION (MILE 10) DELAY PER
MOVEMENT BY INTERSECTION DESIGN ALTERNATIVE (Base
Capacity Volumes)

INTERSECTION PERFORMANCE MEASURES FOR THE PARKWAY-
MINOR ARTERIAL (MILE 7) INTERSECTION WITH BASE
CAPACITY VOLUMES

PARKWAY-MINOR ARTERIAL INTERSECTION (MILE 7) DELAY PER
MOVEMENT BY INTERSECTION DESIGN ALTERNATIVE (Base
Capacity Volumes)

AGGREGATE INTERSECTION PERFORMANCE MEASURE WITH
MLT CAPACITY VOLUMES

INTERSECTION PERFORMANCE MEASRUES FOR THE PARKWAY-
PARKWAY (MILE 6) INTERSECTION WITH MLT CAPACITY
VOLUMES

PARKWAY-PARKWAY INTERSECTION (MILE 6) DELAY PER
MOVEMENT BY INTERSECTION DESIGN ALTERNATIVE (MLT
Capacity Volumes)

INTERSECTION PERFORMANCE MEASURES FOR THE PARKWAY-
MAJOR ARTERIAL (MILE 10) INTERSECTION WITH MLT CAPACITY
VOLUMES

PARKWAY-MAJOR ARTERIAL INTERSECTION (MILE 10) DELAY PER
MOVEMENT BY INTERSECTION DESIGN ALTERNATIVE (MLT
Capacity Volumes)

INTERSECTION PERFORMANCE MEASURES FOR THE PARKWAY-
MINOR ARTERIAL (MILE 7) INTERSECTION WITH MLT CAPACITY
VOLUMES

PARKWAY-MINOR ARTERIAL INTERSECTION (MILE 7) DELAY PER
MOVEMENT BY INTERSECTION DESIGN ALTERNATIVE (MLT
Capacity Volumes)

INTERSECTION PERFORMANCE MEASURES FOR THE PARKWAY-
PARKWAY (MILE 6) INTERSECTION WITH MLT UNIFORM
CAPACITY VOLUMES

PARKWAY-PARKWAY INTERSECTION (MILE 6) DELAY PER
MOVEMENT BY INTERSECTION DESIGN ALTERNATIVE (MLT
Uniform Capacity Volumes)

COMPARISON OF DELAY BY MOVEMENT FOR THE MLT AND CFlI
DESIGNS WITH CAPACITY VOLUMES

CFI CAPACITY TRAFFIC OPERATIONS

CFI DELAY BY MOVEMENT FOR CFI CAPACITY AND UNIFORM
CAPACITY VOLUMES

36

38

39

40

42

44

45

46

47

48

49

50

51

53

56
58

59

MCDOT Enhanced Parkway Study:
Phase 2 — Continuous Flow Intersections

December 2007

G_

| MORRISON
i M VATERLE, e



LIST OF EXHIBITS

Page

EXHIBIT 4-20 CFI AND SPUI TRAFFIC OPERATIONS WITH CFI UNIFORM

CAPACITY TRAFFIC VOLUMES 60
EXHIBIT 4-21 DELAY PER VEHICLE BY MOVEMENT FOR THE CFI AND SPUI

WITH CFI UNIFORM CAPACITY VOLUMES 61
EXHIBIT 4-22 MCDOT TYPICAL SECTION FOR AN URBAN PRINCIPAL ARTERIAL

ROADWAY 63
EXHIBIT 4-23 AERIAL VIEW OF A CFl WITH FRONTAGE ROADS FOR ACCESS

TO ADJACENT PROPERTIES 64
EXHIBIT 5-1 COMPARISON OF CFI TO MLT DESIGN BY ANALYSIS SCENARIO 67
EXHIBIT 5-2 COMPARISON OF SPUI TO CFI DESIGN BY ANALYSIS SCENARIO 67
MCDOT Enhanced Parkway Study: - :
Phase 2 — Continuous Flow Intersections uﬂiﬁﬂ%ﬁf&

December 2007



MLT CAPACITY TRAFFIC VOLUME SCENARIO

The MLT Capacity scenario represents a traffic condition where the MLT network is generally
operating at capacity. The maximum hourly approach volumes used in the MLT Capacity
analysis (4,500 vehicles per hour) represents an average daily traffic of approximately 90,000
vehicles per day for the main parkway assuming the peak-hour is ten percent of the daily traffic.
This result may be somewhat conservative in that the capacity of the right-turn lanes was not
explored in this or the previous study.

Considering only the through movement at signalized intersections, the MLT design capacity is
approximately 975 to 1,025 vehicles per hour per through lane. Typically, right-turn lane
capacity is approximately 85 to 95 percent of through lane capacity. U-turn lane capacity under
stop control or traffic signal control was not evaluated as an element of this or the previous
study.

The MLT Capacity traffic volumes were used to evaluate and compare the traffic operations of
the following design alternatives:

e MLT Network design with three continuous flow intersections:

- Parkway-Parkway intersection (Mile 6).
- Parkway-Major Arterial intersection (Mile 10).
- Parkway-Minor Arterial intersection (Mile 7) with partial CFI (parkway approaches

only).
o MLT Network design with a SPUI at the Parkway-Parkway intersection (Mile 6).

The comparison of results is provided at the following two levels of analysis:

e Aggregate results for three intersections (Mile 6, Mile 7, and Mile 10) for the MLT design
and for the CFI design.

¢ Individual intersection results.
Aggregate Results for Three Study Intersections with MLT Capacity Volumes

The aggregate results for the three study intersections are presented in Exhibit 4-8. It should be
noted that a full CFl was used with the MLT Capacity volumes at the minor arterial intersection
(Mile 7), so that a full CFI was applied to all three intersections. The results indicate:

e The CFlIs reduce delay by 22 percent, and stops by 28 percent, and travel time by 18
percent in comparison to the MLT design.

e The reduction in delay resulting from the CFls is slightly greater with the MLT Capacity
volumes than with the Base Capacity volumes, but the reduction in stops and travel time
is less than with the Base Capacity volumes.
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Exhibit 4-8
AGGREGATE INTERSECTION PERFORMANCE
MEASURES WITH MLT CAPACITY VOLUMES

Mile 6, 7, & 10

. . Comparison
MLT Capacity Volumes Intersections

3 Full [MLT to CFI %

Performance Measure MLT CFI Diff.
Total Delay (hours) 632 495 21.7%
Delay per Vehicle 63 50 21.6%
(seconds)

Total Stops 48,226 | 34,916 -27.6%
Stops per Vehicle 1.34 0.97 -27.5%
Total Travel Time 1,092 893 18.2%
(hours)

Total Vehlcles Entering 35903 | 35,838 0.2%
Intersections

Parkway-Parkway Intersection (Mile 6) with MLT Capacity Volumes

The intersection at Mile 6 of the corridor is the intersection of the main parkway with the east-
west parkway. The MLT intersection assumed the provision of a U-turn opportunity on each
intersection approach consistent with the overall parkway design for the MLT condition. A SPUI
intersection design was also simulated at this intersection in the work conducted for the
previous study. A CFl was applied in this study. A summary table of the performance
measures is provided in Exhibit 4-9. The results indicate:

The CFI reduced delay by 14 percent, stops by 20 percent, and travel time by 5 percent
in comparison to the MLT intersection. This is a substantially lower reduction in these
parameters than simulated with the Base Capacity Volumes, suggesting that the CFlI
loses some advantage over the MLT intersection as the volume of through vehicles
increases.

The SPUI reduced delay by 64 percent, stops by 76 percent, and travel time by 42
percent in comparison to the MLT intersection. This is substantially better than the
results using the Base Capacity volumes because more vehicles are traveling through
the grade separation portion of the intersection with the MLT Capacity volumes.

The SPUI reduced delay by 58 percent, stops by 70 percent, and travel time by 39
percent in comparison to the CFI intersection. This is the opposite result obtained from
the simulations with the Base Capacity volumes, where the CFI produced lower stops
and travel time than the SPUI. This suggests that the advantage of the CFI is lost in
comparison to the SPUI when the through traffic on the grade separation in the SPUI
reaches a certain level somewhere between the Base Capacity volume and the MLT
Capacity volume.
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Exhibit 4-9
INTERSECTION PERFORMANCE MEASURES FOR THE PARKWAY-PARKWAY
(MILE 6) INTERSECTION WITH MLT CAPACITY VOLUMES

MLT Capacity Volumes Mile 6 Intersection Comparison
MLTto | MLTto | CFlto
CFl% | SPUI % | SPUI %

Performance Measure MLT Full CFI SPUI Diff. Diff. Diff
Total Delay (hours) 284 242 101 14.7% | 645% | -58.5%
Delay per Vehicle 74 64 27 14.2% | -64.0% | -58.0%
(seconds)

Total Stops 21,282 | 16,833 5,104 20.9% | -76.0% | -69.7%
Stops per Vehicle 1.54 1.23 0.38 -20.5% | -75.6% | -69.3%
Total Travel Time 440 417 253 53% | -42.4% | -39.2%
(hours)

Total Vehicles Entering | 15776 | 13709 | 13559 | -05% | -16% | -1.1%

Intersection

Exhibit 4-10 provides a comparison of the delay by movement for each of the intersection
design alternatives at the parkway-parkway intersection. Examination of the information
contained in Exhibit 4-10 indicates the following:

While the through movements in the MLT design are at capacity, it is the left-turn
movements that suffer the highest levels of delay. The greatest proportion of delay to
the left-turn movements is generated as this traffic passes through the main intersection
twice.

The CFI significantly improves the delay to the left-turn movements over the MLT
design, but the through movements on three approaches operate at capacity. The free
right-turn movements in the CFI provide a substantial delay reduction over the MLT
design.

The SPUI provides significant delay reduction to all movements in the intersection. In
this particular case the left-turn movements suffer less delay than with the CFI design,
and the delay to the right-turn movements is similar to that of the CFl. The grade
separated northbound and southbound through movements have virtually no delay.

MCDOT Enhanced Parkway Study: ™
Phase 2 — Continuous Flow Intersections 45
December 2007

. MORRISON
¥

™|
Il MATERLE, vc.



Exhibit 4-10

PARKWAY-PARKWAY INTERSECTION (Mile 6) DELAY PER
MOVEMENT BY INTERSECTION DESIGN ALTERNATIVE
(MLT Capacity Volumes)

Parkway / Parkway (Mile 6) Intersection Delay per Vehicle by Movement
MLT Configuration with MLT Capacity Volumes

Parkway / Parkway (Mile 6) Intersection Delay per Vehicle by Movement
CFI Configuration with MLT Capacity Volumes
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Parkway-Major Arterial Intersection (Mile 10) with MLT Capacity Volumes

The intersection at Mile 10 of the corridor is the intersection of the main parkway with the east-
west major arterial roadway. The MLT intersection assumed the provision of a U-turn
opportunity on the north and south parkway legs of the intersection consistent with the overall
parkway design for the MLT condition. A full CFI, with CFI left and right-turn treatments on each
approach, was applied in this study. A summary table of the performance measures for each
intersection design alternative is provided in Exhibit 4-11. The results indicate:

e The CFI represents a significant improvement in traffic operations over the MLT design
under the assumed traffic volume conditions.

e The CFl reduces delay by 36 percent, stops by 41 percent, and travel time by 29 percent
in comparison to the MLT intersection.

Exhibit 4-11
INTERSECTION PERFORMANCE MEASURES FOR
THE PARKWAY-MAJOR ARTERIAL (MILE 10)
INTERSECTION WITH MLT CAPACITY VOLUMES

MLT Capacity Volumes [[Mile 10 Intersection| Comparison

MLT to CFl %

Performance Measure MLT | Full CFI Diff.
Total Delay (hours) 209 134 -36.0%
Delay per Vehicle 65 A 36.1%
(seconds)

Total Stops 16,301 9,580 -41.2%
Stops per Vehicle 1.41 0.83 -41.3%
Total Travel Time 350 249 28.9%

(hours)
Total Vehicles Entering
Intersection

11,585 | 11,602 0.1%

Exhibit 4-12 provides a comparison of the delay by movement for each of the intersection
design alternatives at the major arterial intersection. Examination of the information contained
in Exhibit 4-12 indicates the following:

e The delay to the eastbound, westbound, and northbound through movements with the
MLT design and the CFI design are approximately the same. The delay to the
southbound through movement with the MLT design is approximately twice that of the
southbound through movement in the CFI design.

o The delay to the left-turn movements in the MLT design are substantially higher than that
simulated for the CFI design.

e The delay to the right-turn movements in the CFI design are also substantially lower than
that simulated for the MLT design.
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Exhibit 4-12

PARKWAY-MAJOR ARTERIAL INTERSECTION (Mile 10) DELAY
PER MOVEMENT BY INTERSECTION DESIGN ALTERNATIVE

(MLT Capacity Volumes)

Parkway / Major Arterial (Mile 10) Intersection Delay per Vehicle by Movement
MLT Configuration with MLT Capacity Volumes
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Parkway-Minor Arterial Intersection (Mile 7) with MLT Capacity Volumes

The intersection at Mile 7 of the corridor is the intersection of the main parkway with the east-
west minor arterial roadway. The MLT intersection assumed the provision of a U-turn
opportunity on the north and south parkway legs of the intersection consistent with the overall
parkway design for the MLT condition.

A full CFI, with the CFI left and right-turn treatments on all four approaches, was applied with
the MLT Capacity volumes at this location. This was done to provide the best possible traffic
operations characteristics of this CFl design treatment. The full CFI allows two-phase traffic
signal operation.

A summary table of the performance measures for each intersection design alternative is
provided in Exhibit 4-13. The results indicate:

e The CFI design reduces delay by 15 percent, stops by 20 percent, and travel time by 25
percent in comparison to the MLT intersection design.

e The full CFl used in this analysis with the MLT Capacity volumes produces much better
results relative to the MLT design than the partial CFI design used with the Base
Capacity volumes.

Exhibit 4-13
INTERSECTION PERFORMANCE MEASURES FOR THE PARKWAY-MINOR ARTERIAL
(MILE 7) INTERSECTION WITH MLT CAPACITY VOLUMES

MLT Capacity Volumes [ Mile 7 Intersection [ Comparison

MLT to CFI %

Performance Measure MLT | Full CFI Diff.
Total Delay (hours) 140 119 -14.6%
Delay per Vehicle 48 M 14.5%
(seconds)

Total Stops 10,643 8,503 -20.1%
Stops per Vehicle 1.01 0.81 -20.0%
Total Travel Time 302 228 20.6%
(hours)

Total Veh|cles Entering 10,540 | 10527 0.1%
Intersection

Exhibit 4-14 provides a comparison of the delay by movement for each of the intersection
design alternatives at the minor arterial intersection. Examination of the information contained
in Exhibit 4-14 indicates the following:

e The delay to the through movements is essentially the same for both intersection

designs.
e The CFI significantly reduces the delay to the left-turn movements in comparison to the
MLT design.
e The CFI also reduces the delay to the right-turn movements in comparison to the MLT
design.
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Exhibit 4-14

PARKWAY-MINOR ARTERIAL INTERSECTION (Mile 7) DELAY PER MOVEMENT BY

INTERSECTION DESIGN ALTERNATIVE
(MLT Capacity Volumes)

Parkway / Minor Arterial (Mile 7) Intersection Delay per Vehicle by Movement
MLT Configuration with MLT Capacity Volumes
Total Delay = 140 Hours
150 Delay / Vehicle = 48 Seconds
Total Stops = 10,643
140 Stops / Vehicle = 1.01
130 Total Travel Time = 302 Hours
Total Vehicles = 10,540
120
110 +
__ 100 A
3
< %7 RTL
£ 80| L] ane
> 704 B UT Lane
F) @ Other Delay
o 60 -
a)
50 -
40 4 Hourly
Movement
30 1 Flow Rate
20 + (vph)
10 +
0
EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR
Movement
Parkway / Minor Arterial (Mile 7) Intersection Delay per Vehicle by Movement
CFI Configuration with MLT Capacity Volumes
Total Delay = 119 Hours
150 Delay / Vehicle = 41 Seconds
Total Stops = 8,503
140 4 Stops / Vehicle = 0.81
130 - Total Travel Time = 228 Hours
Total Vehicles = 10,527
o
o
w
; B RT Lane
g BLTLane
B @ Other Delay
©
[a)
Hourly
Movement
Flow Rate
(vph)
EBL EBT EBR WBL WBT  WBR NBL NBT NBR SBL SBT SBR
Movement
MCDOT Enhanced Parkway Study: ™ T MORRISON
Phase 2 — Continuous Flow Intersections 50 -—"il .
|4 MAERLE, e

December 2007



PARKWAY-PARKWAY INTERSECTION (Mile 6) ANALYSIS ASSUMING UNIFORM
APPROACH VOLUMES

An analysis was conducted to evaluate the traffic operations at the parkway-parkway
intersection assuming relatively balanced, or uniform, approach volumes that approximated the
capacity of the MLT intersection design. The assumed volumes by approach and movement
were provided previously in Exhibit 3-3. These volumes were developed in order to test the
operating conditions of the intersections under conditions that require a nearly equally sharing of
available green time by conflicting approaches. In addition, the assumed volumes represent
relatively high volumes of right and left-turn movements. It should be noted that the MLT
Uniform Capacity volumes represent traffic demand entering the intersection that is
approximately 15 percent less than the traffic volume for the MLT Capacity volumes
shown in Exhibit 4-10. This indicates that the uniform approach volumes significantly reduce
the overall capacity of the intersection.

The MLT, SPUI, and CFI intersection designs were tested and compared using the assumed
volumes. A summary table of the performance metrics for the three intersections types is
provided in Exhibit 4-15. These results indicate:

e The CFI significantly improves intersection performance over the MLT intersection
design.

e The CFl reduces delay by 55 percent, stops by 60 percent, and travel time by 31 percent
in comparison to the MLT design.

e The CFI and the SPUI provide improvements in traffic delay and travel time that are
similar in magnitude in comparison to the MLT design.

e The SPUI reduces delay by 57 percent, stops by 73 percent, and travel time by 39
percent in comparison to the MLT design.

e The SPUI reduces delay by only 5 percent and travel time by only 11 percent in
comparison to the CFI intersection. The SPUI reduces stops by 32 percent in
comparison to the CFI primarily because of the large volume of traffic that passes
through the intersection on the grade separation and does not stop.

Exhibit 4-15
INTERSECTION PERFORMANCE MEASURES FOR THE PARKWAY-PARKWAY
(MILE 6) INTERSECTION WITH MLT UNIFORM CAPACITY VOLUMES

Pa.rkway-ParKV\./ay Intersection MLT Intersection Type Comparison
Uniform Capacity Volumes
MLT
Single MLT to
U-Turn MLT to CFI SPUI CFl to SPUI
Performance Measure Lanes CFI SPUI % Diff. % Diff. % Diff
Total Delay (hours) 223 102 94 -54.5% -57.8% -7.3%
Delay per Vehicle (seconds) 69 31 29 -54.8% -57.2% -5.3%
Total Stops 13,754 5,530 3,714 -59.8% -73.0% -32.8%
Stops per Vehicle 1.17 0.47 0.32 -60.0% -72.6% -31.4%
Total Travel Time (hours) 400 275 244 -31.3% -39.1% -11.3%
Total Vehicles Entering Intersection 11,709 11,784 11,542 0.6% -1.4% -2.1%
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Exhibit 4-16 provides a comparison of the delay by movement for each of the intersection
design alternatives at the parkway-parkway intersection. Examination of the information
contained in Exhibit 4-16 indicates the following:

The primary weakness of the MLT design is the delay associated with the left-turn
movements. The through and right-turn movements operate at or below capacity.

The CFI design provides significantly better traffic operations and lower delay for all
movements in comparison to the MLT design. All movements on the CFI operate well
below capacity.

All movements in the SPUI operate below capacity except the northbound and
southbound left-turn movements, which could be improved through a minor modification
of the signal timing to provide more green time for these movements. However, the
change in signal timing would increase the delay to the higher volume eastbound and
westbound through movements and increase total delay in the intersection.

In general, the overall level of delay with the CFlI is very similar to that of the SPUI under
the assumed traffic volumes.
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Exhibit 4-16

PARKWAY-PARKWAY INTERSECTION (Mile 6) DELAY PER MOVEMENT BY INTERSECTION DESIGN ALTERNATIVE

(MLT Uniform Capacity Volumes)

Total Intersection Delay = 223 Hours

Parkway / Parkway Intersection Delay per Vehicle by Movement
MLT Configuration (Single U-Turn Lane) with MLT Uniform Capacity Volumes

Parkway / Parkway (Mile 6) Intersection Delay per Vehicle by Movement
CFI Configuration with MLT Uniform Capacity Volumes

150 ion Delay / Vehicle = 69 Seconds 150 Total Intersection Delay = 102 Hours
140 4 Total Intersection Stops = 13,754 140 I ion Delay / Vehicle = 31 Seconds
130 Intersection Stops / Vehicle = 1.17 130 Total ion Stops = 5,530
Total Intersection Travel Time = 400 Hours Intersection Stops / Vehicle = 0.47
120 1 Total Vehicles = 11,709 120 Total Intersection Travel Time = 275 Hours
110 4 1104 Total Vehicles = 11,784
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SPUI Configuration with MLT Uniform Capacity Volumes
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CFI CAPACITY TRAFFIC VOLUME SCENARIO

The CFI Capacity scenario represents a traffic condition where the intersections are generally
operating at capacity for the through movements. Note that the MLT Capacity volumes were
not increased at the parkway-parkway intersection (Mile 6) to estimate the CFI Capacity
volumes because the parkway-parkway intersection through movement was judged to be
operating at capacity under the MLT Capacity volumes. Instead, the westbound right-
turn volume at Mile 6 was increased to provide additional northbound traffic to estimate
the capacity of the parkway at Mile 7 and Mile 10.

The maximum hourly approach volumes used in the CFl Capacity analysis (4,600 vehicles per
hour) represents an average daily traffic between 92,000 and 108,000 vehicles per day for the
main parkway assuming the peak-hour traffic is between 10 and 8.5 percent of the daily traffic.
This result is considered conservative in that the capacities of the left-turn and right-turn lanes
were not explored in this study, and these lanes operated under capacity with the assumed
traffic volumes.

Considering only the through movement at signalized intersections, the CFl design capacity is
estimated to be 1,000 to 1,050 vehicles per hour per through lane, which is very similar to the
results for the MLT design. This result is as might be expected given that the MLT and CFI
designs have the same two phase signal timing. The CFI intersection should be expected to
have a slightly higher capacity because each vehicle only travels through the intersection once
compared to the MLT design where left-turns travel through the intersection twice.

A more detailed comparison of the traffic operations of the CFl and MLT intersections under
their respective assumed capacity volumes is provided in Exhibit 4-17. Examination of the
results provided in Exhibit 4-17 indicates the following:

e The CFl and MLT intersections show very similar levels of delay for the through
movements under the capacity volume conditions assumed in this study. This should be
expected given the similarities between the signal phasing and timing between the two
designs.

e The delay to the right-turn movements in the CFI design is substantially lower than in the
MLT design due to the free flow right-turn lanes required by the CFI. The levels of delay
reported in Exhibit 4-17 indicate that the right-turn volumes assumed in this study did not
approach the capacity of the free flow right-turn lanes in the CFIl. The capacity of the
each free flow right-turn lane should exceed the capacity of a through lane (1,000 to
1,050 vph), but would be less than the ideal saturation flow rate for a single lane (1,900
vph). Itis estimated that the capacity of a single free flow right-turn lane would be
approximately 1,400 to 1,600 vehicles per hour depending on various traffic chacteristics
and assuming an appropriately designed right-turn lane storage length and merge lane.

e The delay to the left-turn movements is substantially lower in the CFI than in an MLT
intersection. However, the delay to left-turns in the MLT design is not directly indicative
of the capacity for left-turns for this intersection type, because of the way delay for this
movement is accumulated from the simulation. The total delay to left-turns in the MLT
design is the sum of the delay as a through movement, a U-turn, and as the subsequent
right-turn, plus the additional time spent traveling to and from the U-turn location. The
most limiting factor to left-turn capacity in the MLT design is the capacity of the U-turn
location, which was not evaluated in either this or the previous study. With the traffic
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volumes, the number of lanes, and signal timing assumed for this and the previous
study, the queues in the left-turn lanes generally cleared each signal cycle for the MLT
intersections.

e The left-turn movement delay in a CFl intersection is the sum of the delays at three
signalized locations. Therefore, the total left-turn delay is not a direct indication of the
capacity of any one of the three locations. For the simulation, every effort was made to
coordinate the traffic signals at all three locations to allow the left-turn traffic to progress
though the entire intersection while stopping for only the first signal encountered by the
left-turn movement. The delay levels displayed in Exhibit 4-17 for the left-turn movement
do not suggest that the assumed left-turn volumes reached or exceeded the capacity for
the left-turn movements in these intersections.

e The free flow right-turn lane is a required feature of the CFI intersection, providing a
significant traffic operations advantage to the CFI design that is absent in the MLT
design. This feature could be added to the MLT design on each leg of an intersection
where the associated U-turn opportunity is present. The application of free flow right-
turn lanes would benefit traffic operations in an MLT design in two ways; by reducing
delay to the right-turn movement, and by also reducing delay to the associated left-turn
movement. This could significantly reduce the delay to MLT left-turn movements at
locations where the traffic signal coordination cannot be established to eliminate the
right-turn delay to the left-turn movement.

MCDOT Enhanced Parkway Study: i — .
i i i |MORRISON

Phase 2 — Continuous Flow Intersections 55 L.iL.iIMAIERLE.m.

December 2007 ALLRLE, I



Exhibit 4-17

COMPARISON OF DELAY BY MOVEMENT FOR THE MLT AND CFI DESIGNS WITH CAPACITY VOLUMES

Traffic Movement Delay Per Vehicle Comparison Of CFl Configuration with CFI
Capacity Volumes and MLT Configuration with MLT Capacity Volumes
Through Movements

150
140 A
130 -

Delay / Veh (sec)

Minor Arterial

Major Arterial
Cross Street and Movement
@ MLT Capacity Condition B CFI Capacity Condition ‘

Traffic Movement Delay Per Vehicle Comparison Of CFl Configuration with CFI
Capacity Volumes and MLT Configuration with MLT Capacity Volumes
Right Turn Movements

Delay / Veh (sec)

Minor Arterial

Major Arterial
Cross Street and Movement

‘ @ MLT Capacity Condition B CFI Capacity Condition

Traffic Movement Delay Per Vehicle Comparison Of CFI Configuration with CFI
Capacity Volumes and MLT Configuration with MLT Capacity Volumes

Left Turn Movements
151

Delay / Veh (sec)

Major Arterial

Minor Arterial

Cross Street and Movement

@ MLT Capacity Condition

B CFI Capacity Condition
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CFI UNIFORM CAPACITY TRAFFIC VOLUME SCENARIO
Comparison of the CFI Operations with CFl Capacity and Uniform Capacity Volumes

A traffic volume scenario was developed to test the traffic operations of the CFI intersection
under a condition where the traffic demand on all four intersection approaches approximated the
through movement capacity of the intersection. The scenario was only tested at the parkway-
parkway (Mile 6) intersection. The assumed traffic volumes for this scenario were provided
earlier in Exhibit 3-5.

An analysis was conducted to determine how the CFI intersection operated with uniform traffic
volumes in comparison to the CFI Capacity volumes where the volumes were higher along the
main north-south parkway. A table comparing the CFI operations under both traffic volume
scenarios is provided in Exhibit 4-18. In addition, the delay per vehicle by individual movement
for each of the volume scenarios is provided in Exhibit 4-19. These results indicate the
following:

e The uniform capacity volumes resulted in a 3.5 percent increase in the total volume
entering the intersection.

e Total delay increased by 20 percent and delay per vehicle increased by 17 percent with
the uniform capacity volumes.

e Total stops increased by 13 percent and stops per vehicle increased by 9 percent.
e Total travel time in the intersection increased by 19 percent.

e The application of the uniform volumes had a significant negative impact on the through
volume capacity of the intersection design in comparison to the use of the CFI Capacity
volumes, which is to be expected. However, the uniform capacity of the CFI resulted in
a total volume of vehicles entering the intersection that was 23 percent greater than that
for the uniform capacity of the MLT design (14,364 versus 11,709 from Exhibit 4-15).
This suggests that the CFI design should be expected to accommodate a significantly
higher overall demand volume than the MLT design tested here.
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Exhibit 4-18
CFI CAPACITY TRAFFIC OPERATIONS

CFl Summary Statistics Volumes Comparison
CFI Parkway | CFI Uniform | Parkway Capacity to
Capacity Capacity Uniform Capacity %
Performance Measure Volumes Volumes Diff.
Total Delay (hours) 218 264 20.7%
Delay per Vehicle 57 66 16.6%
(seconds)
Total Stops 15,035 16,933 12.6%
Stops per Vehicle 1.08 1.18 8.8%
Total Travel Time 394 468 18.6%
(hours)
Total Vehicles Entering 13,872 14,364 3.5%
Network
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Exhibit 4-19
CFI DELAY BY MOVEMENT FOR CFI CAPACITY
AND UNIFORM CAPACITY VOLUMES

Parkway / Parkway (Mile 6) Intersection Delay per Vehicle by Movement
CFI Configuration with CFI Capacity Volumes
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Comparison of the CFl and SPUI Operations with CFI Uniform Capacity Volumes

The SPUI design at the parkway-parkway (Mile 6) intersection was simulated using the CFI
Uniform Capacity volumes for a comparison of traffic operations to the CFI intersection design.
The comparison of the overall results is provided in Exhibit 4-20, and the comparison of the
delay per vehicle by individual movement is provided in Exhibit 4-21. The results indicate:

The SPUI provides significantly better overall traffic operations under the assumed
volumes than the CFlI.

The SPUI reduced delay by 42 percent, stops by 58 percent, and total travel time by 29
percent in comparison to the CFI.

The SPUI provides much lower delay to the northbound and southbound through
movements, as would be expected since these movements are free flow, but the SPUI
also provides lower delay to the eastbound and westbound through movements.

The CFI provides slightly lower levels of delay per vehicle for the left-turn movements.

The CFI also provides lower levels of delay for the right-turn movements.

Exhibit 4-20
CFI AND SPUI TRAFFIC OPERATIONS WITH CFlI
UNIFORM CAPACITY TRAFFIC VOLUMES

CFI Uniform Capacity Intersection Type Comparison

Performance Measure CFl SPUI CFl to SPUI % Diff.

Total Delay (hours) 264 151 -42.6%

Delay per Vehicle 66 39 41.3%

(seconds)

Total Stops 16,933 7,039 -58.4%

Stops per Vehicle 1.18 0.50 57.4%

Total Travel Time 468 333 28.8%

(hours)

Total Vehicles Entering 14,364 14.029 2.3%

Network
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Exhibit 4-21
DELAY PER VEHICLE BY MOVEMENT FOR THE CFlI
AND SPUI WITH CFI UNIFORM CAPACITY VOLUMES

Parkway / Parkway (Mile 6) Intersection Delay per Vehicle by Movement
CFI Configuration with CFIl Uniform Capacity Volumes
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RIGHT-OF-WAY CONSIDERATIONS

A brief planning level evaluation of right-of-way (ROW) considerations for the CFI was
conducted as part of this study. Planning level of estimates of the ROW requirements for the
MLT corridor and the SPUI application were developed in the previous study. The primary
source of ROW requirements was the Maricopa County Department of Transportation Roadway
Design Manual, Revised 2004.

Exhibit 4-22 provides a MCDOT typical section for an urban principal arterial six-lane divided
roadway. This typical roadway section includes a 14-foot raised median and a minimum 130-
foot ROW. An estimate of the minimum ROW requirements for an eight-lane parkway with a
CFI parkway-parkway, parkway-major arterial, and parkway-minor arterial intersection was
obtained by adjusting the median width, assuming a width for each additional traffic lane, and
assuming a separation distance between the left-turn, right-turn, and opposite direction through
lanes in the intersection. The following assumptions were used:

e Eight lane divided parkway between intersections.
¢ Median width at the intersection = 6 feet.
¢ Each additional lane width = 12 feet.

e Separation between left-turn lanes and opposing through lanes (at the intersection) = 6
feet.

e Separation between the left-turn lanes and the opposing free flow right-turn lane (at the
intersection) = 6 feet.

The parkway has the same number of lanes, and therefore the same cross section at each
intersection type. The assumptions above, combined with the information presented in Exhibit
4-22 provide a minimum ROW width of 201 feet assuming dual left-turn lanes and a single free
flow right-turn lane on each approach. The results of the previous study indicated an
approximate ROW width of 200 feet midblock on the eight-lane MLT parkway with a 225 foot
width at major intersections. Therefore, the CFI ROW requirements appear consistent with the
ROW required for the MLT parkway concept in general.
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Exhibit 4-22
MCDOT TYPICAL SECTION FOR AN
URBAN PRINCIPAL ARTERIAL ROADWAY
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CFI ACCESS CONSIDERATIONS

A significant consideration with the application of a CFl is access to the properties in each of the
intersection quadrants. The location of the left-turn lanes and the free flow right-turn lanes
restricts access within the limits of these lanes. An alternative that has been used is to provide
access to properties at the intersection via a frontage road system that connects to the main
roadway down stream of the end of the free flow right-turn lane. This application is illustrated in
the photograph of an actual CFI provided in Exhibit 4-23. Placement of the access point and
design of the frontage road system would depends on the individual development plan for the
adjacent property. These access points should be right-in, right-out only.
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Exhibit 4-23
AERIAL VIEW OF A CFI WITH FRONTAGE ROADS FOR ACCESS
TO ADJACENT PROPERTIES
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Source: ABMB Engineers, Inc., Baton Rouge, LA. Reproduced with permission.
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5. SUMMARY OF RESULTS AND CONCLUSIONS

The following results and conclusions are based on the technical analysis conducted in this

study.

It should be noted that the results and conclusions based on the traffic simulation

conducted for this study may be limited to the range of conditions applied and assumptions
made in conducting the analysis, and cannot necessarily be generalized to all possible
combinations of conditions.

The capacity of an eight-lane divided roadway consisting of CFI intersections is
estimated to be between 92,000 and 108,000 vehicles per day (vpd) assuming that the
peak-hour volume is between 10 and 8.5 percent of the daily traffic. This result is
considered somewhat conservative in that the capacities of the left-turn and right-turn
lanes were not explored in this study, and these lanes operated under capacity with the
assumed traffic volumes.

Considering only the through movement at signalized intersections, the CFI design
capacity is estimated to be approximately 1,000 to 1,050 vehicles per hour per through
lane, which is slightly higher than the estimated 975 to 1,025 vphpl for the MLT design.
The primary difference in through movement capacity of the CFI and the MLT
intersection is that with the MLT intersection the left-turn movement volume must pass
through the intersection, reducing the capacity for through traffic.

The capacity of a CFl is estimated to be between 45 and 55 percent greater than the
capacity of a conventional intersection design with multi-phase signal timing.

The aggregate intersection performance measures indicate that the CFI reduced delay
by 46 percent, reduced stops by 50 percent, and reduced travel time by 46 percent in
comparison to the conventional intersection design. At the parkway-parkway (Mile 6)
intersection the CFI reduced delay by 59 percent, stops by 69 percent, and travel time
by 59 percent in comparison to the conventional intersection design.

The CFl is similar to the MLT in terms of the treatment of the through traffic movement at
the intersection. Both intersection designs provide simple two-phase signal timing for
the through movement, significantly increasing through movement capacity in
comparison to the multi-phase signal timing used with conventional intersection design.

The primary reduction in delay, stops, and travel time with the CFI design is in the left-
turn and right-turn movements in comparison to the MLT design. In the CFI, the left-
turns only pass through the intersection configuration once as opposed to the MLT
design where they pass through the intersection twice. The free flow right-turn lanes
also provide significant advantage to the CFI design.

A summary comparison of the performance metrics for the MLT intersection design and
the CFl is provided in Exhibit 5-1 for each analysis scenario. These results indicate that
the full CFI (left-turn traffic removed upstream of the intersection on each approach)
provided significant reductions in delay, stops, and travel time in comparison to the MLT
across all analysis scenarios and for each of the intersection types evaluated. The
minimum reduction in delay for a full CFl in comparison to the MLT design was 19
percent, with a maximum of 55 percent.

Free flow right-turn lanes could be included in the MLT design on each approach that
provides the median U-turn movement for left-turns, but this feature was not tested as
part of this study. The use of free flow right-turn lanes with the MLT design would
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reduce delay to both the right-turn movement and the associated left-turn movement,
and could significantly improve the traffic operations of the MLT design.

e The CFI generated better performance metrics than the SPUI for the Base Capacity
volumes (see Exhibit 5-2), which were the lowest volumes tested.

o The SPUI generated significantly better performance metrics than the CFIl with the MLT
Capacity and CFI Uniform Capacity volumes. The SPUI and the CFI provided
comparable levels of delay with the MLT Uniform Capacity Volumes.

o The traffic operations performance improvements for the SPUI were as high as a 58
percent reduction in delay, a 69 percent reduction in stops, and a 39 percent reduction in
travel time in comparison to the CFI design.

e The primary benefit of the SPUI design is the free flow operation of the grade separation
for the major through movement of traffic on the parkway in the analysis.

¢ While it may be possible for the CFI to provide traffic operations characteristics similar to
the SPUI at lower volume levels, this was not the case for the higher traffic volumes that
approximated the capacity of the CFl intersection used in this study.

e A potential advantage of the CFI design over the SPUI is the ability of the CFI to
accommodate high volumes of left-turn and right-turn movements with lower levels of
delay than the SPUI.

o A disadvantage of the CFI design is the issue of providing access to adjacent properties
on the corners of the intersection. The location of the left-turn lanes and the free flow
right-turn lanes basically eliminates access within the limits of these lanes. Direct
access should not be provided from the free flow right-turn lanes because of safety
concerns. An alternative that has been used is to provide access to properties at the
intersection via a frontage road system that connects to the main roadway down stream
of the end of the free flow right-turn lane. Placement of the access point and design of
the frontage road system would very much depend on the individual development plan
for the adjacent property. These access points should be right-in, right-out only.

e The minimum right-of-way for an eight-lane divided parkway with CFI intersections
consisting of dual left-turn lanes and a single free flow right-turn lane on each approach
would be approximately 201 feet. This ROW is consistent with the estimated
requirements for an MLT intersection corridor of approximately 200 feet, and is 24 feet
less than the estimated 225 feet required for an MLT design at the parkway-parkway
intersection.
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Exhibit 5-1
COMPARISON OF CFI TO MLT DESIGN BY ANALYSIS SCENARIO

Performance Metric
CFI Percent Difference
Volume Analysis Travel
Scenario Location Delay | Stops | Time
Aggregate_for -19 .38 .36
3 Intersections
Parkway-Parkway ) ) )
Base Intersection (Mile 6) 32 55 50
Capacity | Parkway-Major Arterial | i i
Intersection (Mile 10) 25 43 43
Parkway-Minor Arterial
Intersection (Mile 7) * 10 - 11
Aggregate_for 21 28 .18
3 Intersections
Parkway-Parkway
MLT Intersection (Mile 6) 14 21 o
Capacity | Parkway-Major Arterial
Intersection (Mile 10) 36 41 29
Parkway-Minor Arterial
Intersection (Mile 7) 5 ] 20 25
MLT
Uniform | Parkway-Parkway -55 -60 -31
: Intersection (Mile 6)
Capacity

1. Only a partial CFl was simulated at this location for this
volume scenario, that is, the left-turns were removed from
the main intersection for only the two approaches on the
main parkway.

Exhibit 5-2
COMPARISON OF SPUI TO CFI DESIGN
BY ANALYSIS SCENARIO

Performance Metric
SPUI Percent Difference
Volume Analysis Travel
Scenario Location Delay | Stops | Time
Base Parkway-Parkway i
Capacity | Intersection (Mile 6) 1 *22 +48
MLT Parkway-Parkway ) i i
Capacity | Intersection (Mile 6) 58 69 39
MLT Park Park
Uniform I arkway-rar I\\;Iv'?ye -7 -31 -11
Capacity ntersection (Mile 6)
CFlI
Uniform | Parkway-Parkway | ,, | gg | 59
c . Intersection (Mile 6)
apacity
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