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APPENDIX H 
 

H.1 Planning Level Interchange Capacity Analysis Method - Critical Lane Volume (CLV) 
Methodology  

 

The traditional interchange and freeway planning process involves the selection of a few promising interchange 
configurations for more detailed freeway and interchange design and analysis.  The interchange configuration design 
evaluation process is particularly complicated due to the large combination of possible interchange configurations.  For 
each potential interchange configuration, there are a wide range of variables such as number of through lanes, number of 
turn lanes, number of lanes on the ramp, traffic control measures (i.e. yield vs free flow for right turn movements) signal 
phasing (including use of protected-prohibited lefts vs protected-permissive lefts), signal timing and signal coordination. 
 

H.1.1 Interchange Analysis Challenges 
 
The major drawback of any typical interchange planning and operational analysis process is that the complexity of the 
process essentially rules out the possibility of performing a comprehensive analysis of anything more than a few selected 
interchange types.     
 
The following elements of the analysis process are tedious, with intensive data requirements, and time-consuming:   
 

1. Traffic Volumes – a large amount of data processing effort is needed for various traffic or population scenarios, 
traffic volume balancing, and assignment of volumes onto various links for multiple interchange configurations 
(large number of potential interchange type candidates – e.g. Diamond, Parclo A4, Parclo B4, Parclo A2, Parclo 
B2, Parclo AB, etc) 

2. Planning Level Analysis – multiple analysis periods (AM peak, PM peak), study horizons (30 Year, Long Term, 
Opening Day, among others), multiple interchange configurations, lane requirements for through lanes and turn 
lanes, signal phasing and timings, and level of details in the planning level analysis model  

3. Simulation Analysis – substantial modeling efforts, large data requirements, needs for analysts to be familiar 
with the model and its limitations 

 
Various time-saving procedures have been developed to streamline the above repetitive and tedious interchange analysis 
computational tasks.   
 

H.1.2 Automated Planning Level Critical Link Volume Capacity Analysis  
 
H.1.2.1 Considerations in Planning Level Analysis for Interchanges 
 
There are numerous variables that can affect the operation of an interchange: 
 

 Interchange configuration (i.e. Diamond or Parclo, Parclo A or B, etc) 
 Number of through lanes 
 Number of turn lanes 
 Number of ramp lanes 
 Turn bay length 
 Type of Control (stop controlled vs signalized, yield / merge vs free flow) 
 Signal Phasing (2 phase vs 3 phase, protected left turns) 
 Signal Timing (cycle length, intergreen times, minimum green) 
 Degree of actuation of traffic signal (i.e. detection) 
 Ramp intersection spacing 

 

 Level of turning volumes  
 Operating speed on cross streets and ramps  
 Arrival patterns of traffic from upstream traffic signals 
 Truck percent and mix 
 Peaking pattern of traffic 
 Local driver characteristics (saturation flow rate, amber overrun, etc) 
 Impact of upstream and downstream lane balance and lane continuity 

 
In the majority of the cases, the determination of capacity of an interchange involves the determination of the intersection 
capacity of the two signalized ramp intersections.  The limitations of the traditional intersection capacity analysis 
approaches are their inability to model in details of the interactions at the interchange.  Nonetheless, from a planning level 
standpoint, intersection capacity analysis is a good starting point to provide a reasonably good estimate of the degree of 
capacity utilization at the interchange.  It will provide a good indication of the relative levels of performance if two different 
interchange designs are compared using the same evaluation method. 
 
However, data entry requirements for typical intersection capacity analysis models are too specific and labour intensive.  
These models are not conducive for planning level analysis of intersection operations especially in the case of 
interchanges, where it is desirable to evaluate a large number of alternatives.  Several parameters in these models such 
as number of lanes, signal phasing, signal timing, detection, and adjacent traffic signals can be adjusted, and will generate 
volatile run results depending on assumptions made on these model parameters. 
 

H.1.2.2 Critical Lane Volume (CLV) Interchange Capacity Analysis 
 
An automated computer spreadsheet was developed which could carry out multiple scenario analysis using a critical 
movement analysis method for any given set of traffic volumes at typical interchange ramp intersections.  The spreadsheet 
was designed in such a way to be able to examine both AM and PM peak periods of both signalized ramp intersections at 
the same time.  This planning level analysis approach is named the Critical Lane Volume (CLV) Interchange Capacity 
Analysis method. 
 
The CLV planning level analysis results can be generated simultaneously and instantaneously for different types of 
interchanges such as Simple Diamond, Parclo A-4, Parclo B-4, Parclo A-2, Parclo B-2, Parclo AB-2, Parclo AB-4, Parclo 
A-4 with Directional Ramp, Parclo B-4 with Directional Ramp, Single Point Diamond, as well as potentially a host of other 
variations of the standard diamond and parclo style of interchanges.  The ability of the computer program to rapidly carry 
out exhaustive rounds of analysis allows the planner / analyst to easily and quickly identify a short list of interchange 
configurations that are most promising, as well as quantitatively compare which interchange design is most effective in 
providing the highest capacity.   
 
H.1.2.2.1 CLV Approach Input Parameters 
 
There are three main types of data entry needed for the CLV approach: 
 

1. Traffic Data 
2. Traffic Signal Data 
3. Interchange Type and Lane Configuration Date 

 
The data requirements are straightforward and should require no more than 15 minutes to complete a planning level 
evaluation of hundreds of scenarios of interchange types and lane configurations for a given set of traffic volumes and 
basic traffic signal parameters. 
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The list of data requirements are summarized as follows: 
 

Traffic Data Traffic Signal Data Interchange Type Data and 
Lane Configuration Data 

 AM Peak traffic volumes 
 PM Peak traffic volumes 
 Volume multiplying factor 
 Truck % 
 Peak Hour Factor 
 Heavy Vehicle Equivalent 

Factor 

 Signal cycle length 
(AM/PM) 

 Amber duration for major 
road, minor road & left 
turns 

 All-red duration for major/ 
minor road & left turns 

 Minimum green time 
 Amber overrun time 
 Lost time 
 Ideal Saturation Flow 

Rate 
 Left Turn Saturation Flow 

Adjustment Factors for 
multiple turn lanes 

 Signal Phasing, no. of 
phases 

 Interchange Type 
 Number of through lanes 

on main road 
(parameters needed for 
each travel  direction) 

 Number of left turn lanes 
on main road 

 Number of left turn lanes 
on ramp approach 
(minor road) 

 
 
H.1.2.2.2 Traffic Data 
 
Based on the above input data, the program will automatically determine the passenger car equivalent of the traffic 
volumes based on peak hour factors, truck percentage and heavy vehicle equivalent factors.  A traffic volume multiplying 
factor is also available for possible use in sensitivity analysis to determine the impact of a higher or lower levels of traffic 
volumes on interchange capacity utilization.   
 
H.1.2.2.3 Traffic Signal Data 
 
Despite the long list of traffic signal data requirements in the previous table, the determination of traffic signal data is 
actually quite straightforward.   
 
The determination of signal cycle length can be made based on intersection capacity needs but in most cases are 
dependent on the anticipated signal cycle length along the cross street arterial corridor.  Other signalized intersections 
along the cross-street corridors are most likely 4-legged intersections with multiple signal phasing scheme (3 to 4 phase 
sequences).  Often the cycle length requirements of the busiest intersection along a corridor dictate the cycle length of the 
entire corridor.  During peak periods, arterial traffic progression is often as important as the operation of individual 
intersection operations.  If the interchange is planned as a grade separated improvement of an existing, developed arterial 
corridor with several traffic signals along it, it is essential that the planners for freeway interchanges work closely with the 
traffic planners / engineers looking after the arterial operation to agree on a signal cycle lengths for the corridor.   
 
For simple 2-phase signal operations at Parclo A4 and Parclo B4 interchanges, cycle lengths can be as short as 60s to 
90s.  For 3-phase signal operations at Diamond, Parclo A2, Parclo B2 and Parclo AB interchanges, longer cycle lengths in 
the range of 80s to 120s are often used.  For interchanges operating at close to capacity, it is often necessary to use 
longer cycle lengths in the range of 120s to 150s.  For the purposes of comparing operational effectiveness of various 
interchange types in the NEERR project, a cycle length of 120s was used in the CLV analysis. 
 
 
 
 

It is rare to have interchange ramp intersections with 4-phase signal sequences.  One example of a 4-phase signal 
sequence ramp intersection is to have 2-way ramp, which may result by connecting an arterial or collector roadway directly 
into the ramp intersection.  Ramp intersections with 4-phase signal operations are not recommended as they generally are 
sluggish in operations and will significantly reduce the over capacity of the interchange.  Connecting collector or arterial 
roadways directly into the ramp intersection is not recommended. 
 
Values of clearance intervals such as the amber and all-red periods are a function of the posted speed (known) as well as 
the intersection width (fairly standard given the interchange type and configuration).  The clearance interval values used in 
the NEER project are as follows: 
 

Through Phases Amber 

50 km/h Posted Speed 3.5s 
60 km/h Posted Speed 4.0s 
70 km/h Posted Speed 4.5s 
80 km/h Posted Speed 5.0s 
 
Through Phases All-Red 
Major Road 2.0s 
Minor Road – Crossing 4 Lanes 2.0s 
Minor Road – Crossing 6 Lanes 2.5s 
 
Left Turn Phases Amber All-Red 
Lagging Left Same as concurrent through phase 
Leading, Protected-Prohibited Left 3.0s 2.0s 
Leading, Protected-Permissive Left 3.0s 1.0s 
 
Minimum green time will be dependent on the type of detection used, as well as local traffic operations policies or 
preferences.  For the purposes of the CLV analysis in the NEERR project, the following minimum green times were used: 
 

Road / Approach Type Minimum Green 

Major Road Through Phase 15 s [Note 1] 
Minor Road Through Phase / Ramp Phase  10 s 
Left Turn Phase 7 s 
[Note 1]:  Actual minimum green values for major road are often set with a value of at least 30s during peak traffic periods to provide a 
minimum guaranteed phase timing – due to heavy traffic volumes and for achieving a reasonable minimum traffic progression green 
band or through band. 
 
Amber overrun and lost times are also dependent heavily on local driver characteristics or agency policies / preferences.  
For the purposes of the CLV analysis in the NEERR Project, the following assumptions on lost time deductions are used: 
 

Movement Types Lost Time Rationale 

Through Phases Amber + All Red As a conversation planning level assumption to not 
including the “run amber” capacity 

Left Turns Amber + All Red – 2 s Assuming that some left turns will continue to take place 
even after the left turn signal turns amber 

 
 



Northeast Edmonton Ring Road 
Appendices  Advanced Functional Planning Study 
 

Report for Alberta Transportation (Report R-1084) (3) ISL Engineering and Land Services Ltd. 
Project No.:  12579 – December, 2009 
 

H.1.2.2.4 Interchange Type and Lane Configuration Data 
 
Signal phasing requirements are dependent on interchange types and therefore are highly predictable.  They are pre-
determined in the CLV spreadsheet for each interchange type, and are applied in accordance with the following guidelines. 
 

Interchange with 2-Phase Signals Interchange with 3-Phase Signals 
 Parclo A4  
 Parclo B4 

 Simple Diamond  
 Parclo AB  
 Parclo A2  
 Parclo B2  
 Single Point Diamond 

 
Several CLV analysis modules are included in the CLV worksheet to provide a comprehensive overview of every possible 
combination of number of through and turn lanes for both AM and PM peak periods, for both signalized ramp intersections 
at the interchange.  The following 11 interchange types can be analyzed with the current version of the CLV worksheet.  
The number of lane configuration alternatives for each interchange type is shown in bracket: 
 

1. Simple Diamond  (28 lane configuration alternatives) 
2. Parclo A-2  (28 lane configuration alternatives) 
3. Parclo B-2  (28 lane configuration alternatives) 
4. Parclo AB  (28 lane configuration alternatives) 
5. Parclo A-4  (21 lane configuration alternatives) 
6. Parclo B-4  (21 lane configuration alternatives) 
7. Parclo BA (same as Parclo AB)  (28 lane configuration alternatives) 
8. Parclo A-4 Modified for free-flow loop  (21 lane configuration alternatives) 
9. Single Point Diamond  (24 lane configuration alternatives) 
10. Parclo A-4 with N-E Directional Ramp  (18 lane configuration alternatives) 
11. Parclo A-4 with S-W Directional Ramp  (18 lane configuration alternatives) 

 
In total, the current version of the CLV worksheet consists of the following for every single set of AM/PM traffic volumes at 
any interchange locations: 
 

 11 interchange types 
 263 ramp intersection lane configurations for the first ramp intersection 
 263 ramp intersection lane configurations for the second ramp intersection 
 1,052 individual CLV analysis modules (AM and PM modules for each ramp intersection lane configuration) 

 
H.1.2.2.5 Critical Lane Volume Analysis Algorithms 

 
Each signal phase at a signalized intersection is expected to be utilized by a number of non-conflicting traffic movements 
allowed in that phase.  The critical movement for a particular signal phase is referred to the most critical or most congested 
traffic movement permitted during that signal phase.  The critical movement is the movement with the highest traffic 
volume per lane flow rate, which is calculated by dividing the traffic volumes by the number of lanes for that movement. 
The highest flow rate for a particular signal phase is called the critical lane volume (CLV) for that signal phase, with a unit 
passenger car unit per hour per lane (pc/h/ln). 
 
Adjustment factors are applied to left turn movements as lower saturation flow rates are expected for the left turning traffic.  
For the NEERR project, the following adjustment factors were used in the CLV procedures: 
 
 
 
 
 
 

No. of 
Left Turn Lanes 

Adjustment 
Factors 

Equivalent Saturation Flow Rate 
(assuming Ideal rate of 1900 pc/h/ln) 

1 1.05 1810 pc/h/ln 
2 1.10 1730 pc/h/ln 
3 1.15 1650 pc/h/ln 

 
Signal phase can be under-utilized due to (i) signal is operating in a fixed time fashion, or, for actuated signals, (ii) a 
“minimum green” timing must be run even when the traffic flow is very low at the approach.  The previously determined 
critical lane volumes have to be compared to the minimum green requirements.  The higher of the two values will be used 
for the applicable signal phase. 
 
For any given set of traffic volumes, the critical lane volume (CLV) for each ramp intersection can be calculated as the sum 
of the following: 
 
     CLV for Signal Phase 1    +    CLV for Signal Phase 2    +    CLV for Signal Phase 3 
 
H.1.2.2.6 Capacity and Level-Of-Service Criteria for CLV Analysis 

 
To facilitate calculation of capacity utilization, all traffic volumes are converted into passenger car units to account for the 
effects of trucks, peaking pattern, and truck equivalent factor.   
 
The ideal intersection capacity with no amber and red times, combined with 100 percent efficient utilization of the green 
time, is set at 1900 pc/h/ln.    
 
Under the CLV analysis methodology, the capacity of a given signalized intersection is called the Intersection CLV 
Capacity.  It is determined by the percentage green time available to the traffic, or green time / cycle length (g/c) ratio, for 
the particular signal phasing scheme applicable to the interchange type, and the selected traffic signal cycle length.   
 
Intersection CLV Capacity = 1900 x (Phase 1 Lost Time + Phase 2 Lost Time + Phase 3 Lost Time) / Cycle Length 

 
     where  

 
     Lost Time = Amber + Red – Amber Overrun  
 
The following level of service approach used in the Synchro program is adopted to define the LOS for the CLV Analysis 
Approach: 
 

Level of Service % Utilization of Intersection Capacity 
A 50% – 59% 
B 60% - 69% 
C 70% - 79% 
D 80% - 84% 

mD (mid D) 85% - 89% 
E 90% - 99% 
F 100% + 
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Illustrated below is a partial CLV worksheet output for the first 16 diamond interchange lane configurations (8 for North 
Ramp, 8 for South Ramp).  It can be seen that 2 CLV analysis modules (one for AM peak, one for PM peak) are provided 
for each of the 8 North Ramp and 8 South Ramp lane configurations: 
 

 North Ramp – AM Peak, 8 lane configurations 
 North Ramp – PM Peak, 8 lane configurations 
 South Ramp – AM Peak, 8 lane configurations 
 South Ramp – PM Peak, 8 lane configurations 
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H.2 Guidelines for Synchro/SimTraffic Interchange Simulation Analysis 
 

Detailed interchange configurations were determined and confirmed by traffic simulation using the Synchro/SimTraffic 

Studio 7 suite of programs.   

 

Synchro is used to establish basic model programming of the Synchro/SimTraffic model, as well as provide preliminary 

assessment of signal split timing and the effectiveness of the lane configuration in accommodating traffic demands. 

 

SimTraffic is used to provide simulation statistics in the assessment of interchange performance.  The measures of 

effectiveness used in interchange operation analysis are SimTraffic output parameters. 

 

H.2.1 Criteria for Failed Interchange Operations 
 

Ramp intersection operational failures often are caused by queue blockage which limits the freedom of traffic movements. 

Due to the heavy turning movements at typical interchanges, the high level of traffic volumes, and the close spacing of 

interchange ramp intersections, the effect of one single blockage can potentially propagates rapidly to the other crucial 

interchange or ramp intersection elements and result in loss of freedom of movements for a certain movements in some 

cases, and complete interchange failure or gridlock situation in the more critical cases.  It is therefore essentially that 

interchanges are planned so that there is a high degree of movements for all traffic movements. 

 

Criteria for failed interchange operations used in the NEERR Study include: 

 Excessive queue in turn bay spilling out of bay and blocking adjacent through lane 

 Excessive queue in through lane blocking turn bay 

 Excessive delay > 80 s (simulated delay, unit - average delay per vehicle) 

 Successive cycle failure (vehicles need to wait for multiple signal cycles to clear an intersection) 

 Substantial consecutive stops (undesirable traffic progression performance) 

 

H.2.2 Synchro / SimTraffic Models 
 

Synchro / SimTraffic models were created to demonstrate that the recommended interchange configurations would satisfy 

the following requirements: 

 Storage Requirements – to accommodate maximum queue of turning traffic so that the queue in the turn bay will 

not spill out of the turn bay and blocks the through traffic movement 

 Blocking Prevention Requirement – to prevent blockage of access to turn bay by queue of through traffic 

 In addition, the minimum deceleration requirement was also checked for compliance for the turn bay design at 

interchange ramp intersections. 

 

 

The following Synchro/SimTraffic Files were prepared: 

i. 30 Year (2041) Horizon, AM Peak Hour Model 

ii. 30 Year (2041) Horizon, PM Peak Hour Model 

iii. Long Term Horizon, AM Peak Hour Model  

iv. Long Term Horizon, AM Peak Hour Model 

 

H.2.3 Determination of Crossroad Turn Bay Dimensions at Service Interchanges 
 

The required turn bay length shall satisfy all three requirements below: 

 Deceleration Requirement – based on the specified Design Speed of the crossroad  

 Storage Requirement – to accommodate maximum queue of turning traffic 

 Blocking Pavement Requirement – to prevent blockage of access to turn bay by queue of through traffic 

 

Notes: 
 

1. The length of a turn bay is to be measured from the start of the bay taper to the stop line at the end of the turn 
bay. 

2. In determining the storage requirements of a turn bay, the portion of the taper where the turn bay lane width is 
narrower than 3.0m will be considered unusable for vehicle storage.  This initial unusable portion of the bay taper, 
therefore, shall not be included as the available storage distance calculation.  For the purposes of this project, the 
lengths of the unavailable portion of the bay taper for storage are as follows: 

 
Length of unusable bay taper: 
 

(i) Design Speed of 60 km/h – 50m for single lane turn lane & 70m for double lane turn lanes 
(ii) Design Speed of 70 km/h – 60m for single lane turn lane & 80m for double lane turn lanes  
(iii) Design Speed of 80 km/h – 70m for single lane turn lane & 90m for double lane turn lanes  

 
Accordingly, the turn bay length provided shall therefore meet the following criteria: 
 
Table 1 – Criteria for Determination of Turn Bay Lengths at Crossroad Ramp Intersections 
 

Crossroad 
Design 
Speed 

Required Turn Bay Length (Use the largest value of the following 3 criteria to design for the turn bay) 
(measured from start of bay taper to stopline at the end of turn bay) 

Deceleration 
Requirement 

Storage Requirement (turn bay length) Blocking Prevention Requirement 

Single-Lane Turn Lane Double-Lane Turn Lane Single-Lane Turn Lane Double-Lane Turn 
Lane 

60 km/h 90 m SimTraffic Maximum 
Queue in turn bay + 50m 

SimTraffic Maximum 
Queue in turn bay + 70m 

SimTraffic Maximum 
Queue in through lane + 

50m 

SimTraffic Maximum 
Queue in through lane + 

70m 

70 km/h 110 m SimTraffic Maximum 
Queue in turn bay + 60m 

SimTraffic Maximum 
Queue in turn bay + 80m 

SimTraffic Maximum 
Queue in through lane + 

60m 

SimTraffic Maximum 
Queue in through lane + 

80m 

80 km/h 130 m SimTraffic Maximum 
Queue in turn bay + 70m 

SimTraffic Maximum 
Queue in turn bay + 90m 

SimTraffic Maximum 
Queue in through lane + 

70m 

SimTraffic Maximum 
Queue in through lane + 

90m 
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H.2.3.1 Example - Diamond Interchange on North / South Crossroad (with 70 km/h Design Speed) 
 
H.2.3.1.1 Lane Configurations and Peak Hour Volumes  
(Note: The ramp intersection spacing is assumed to be 240m) 
 
AM Peak Hour  
 

 
 

PM Peak Hour  
 

 

 
H.2.3.1.2 SimTraffic Maximum Queue Plot 
 
AM Peak Hour  
 

 

PM Peak Hour  
 

 

 
Observations:  
 

 The northbound left turns are more critical during the AM peak hour. 
 The southbound left turns are more critical during the PM peak hour. 
 Queues for southbound through traffic are also long in the PM peak hour. 

 

H.2.3.1.3 SimTraffic Queuing and Blocking Report  
 
AM Peak Hour (Critical Intersection: North Intersection – Node 3) 

PM Peak Hour (Critical Intersection: South Intersection – Node 6) 

North Ramp Intersection: 
 Deceleration requirement for the northbound left turns is 110m (from Table 1) 
 The northbound left turns have maximum queue of 146.7m in the AM peak hour (critical traffic period).  At 70 km/h 

design speed, unusable taper length is 60m.  Storage requirement for northbound left turns is therefore 
147m+60m=207m 

 During the AM peak hour, the through lane queue is considerably shorter at 34m.  Bay length requirement to allow 
left turn traffic to drive around the through lane queue is therefore 34m+60m=94m 

 Conclusion:  Left Turn Storage of 207m is more critical - Use 210m turn bay length in design 
 
South Ramp Intersection: 

 Deceleration requirement for the northbound left turns is 110m (from Table 1) 
 The southbound left turns have maximum queue of 145.6m in the PM peak hour (critical traffic period).  At 70 

km/h design speed, unusable taper length is 60m.  Storage requirement for northbound left turns is therefore 
146m+60m=206m 

 During the PM peak hour, the through lane queue is slightly shorter at 142.9m.  Bay length requirement to allow 
left turn traffic to drive around the through lane queue is therefore 143m+60m=203m 

 Conclusion:  Left Turn Storage of 206m is more critical – Use 210m turn bay length in design 

 

H.2.4 Synchro Modeling Approach  
 

 Ramp intersections at an interchange must be coordinated and share the same cycle length 
 If there is a traffic signal within 600m of the ramp intersections, that traffic signal shall be included in the Synchro 

model to reflect the impact of this closely spaced adjacent traffic signal on the interchange operations.  
 Determine if protected-only phasing is warranted using guidelines provided by ITE 
 Cycle length should be realistic and shall be at least 70 s and perhaps a minimum of 100s to 120s on major 

corridors, depending on the number of signal phases, the amount of traffic, and congestion along the arterial 
(longer cycle length for heavier traffic).   Use 5s increments (preferably 10s increments) for signal cycle lengths 

N N 

N N 

500 vph 
left turns 

200 vph 
left turns 

180 vph 
left turns 

400 vph 
left turns 

1500 vph 
through 
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 If the arterial is a major thoroughfare, the minimum green timings for the main street phase shall be at least 30 s.  
If the roadway is neither a major arterial nor a thoroughfare, the minimum green timings can be reduced to 20 s. 

 Minimum green band along arterials (through the two interchange ramp intersections) shall be at least 30s, 
preferably significantly more so that there will be a reasonable level of progression along that arterial.  If the 
roadway is neither a major arterial nor a thoroughfare, the minimum green band can be reduced to 20 s. 

 Lead or lag for any given signal left turn phase shall be consistent during a particular peak traffic period (i.e. may 
be different in the AM and PM periods)   

 Avoid consecutive stops.  This includes through movements along the arterial, as well as heavy left turns from 
ramps onto the arterial. 

 Need to examine both AM and PM peak hour needs.  The more critical condition governs the intersection 
geometry and signal timing requirements. Turn bay storage, spill back, and blocking requirements must be 
satisfied for both AM and PM peak periods. 

 Adjust for link OD for trips between 2 ramp intersections to eliminate freeway trips utilizing the interchange to 
make U-turns. 

 For left turn volumes greater than 500 vph, double left turn lanes should be considered. 
 Two lane approaches shall be used for ramp approaches for arterials with 2 or more lanes receiving the double 

left turns from the ramp approach 
 Protected left turns shall be used for double left turn movements 
 Shared through/left turn lanes may not be used along the arterials, unless such a lane configuration is commonly 

used in the region and only when the opposing through traffic volumes are light (less than 200 vph per lane) 
 Split signal phasing shall not be used on major arterials or thoroughfares. 

 

H.2.4.1 Synchro Modeling Parameters 
 

Synchro Factors Parameters  Recommended Values ( * - non-adjustable)

H.2.4.1.1    Ideal Saturation Flow Left Turns 1900 pc/h/ln * 

Through 1900 pc/h/ln * 

Right Turns 1900 pc/h/ln * 

H.2.4.1.2    Lane Width Left & Right Turns 3.5 m * 

Through 3.7 m * 

H.2.4.1.3    Lost Time Adjustment  0 s * 

H.2.4.1.4    Detectors 

Le
ft 

Tu
rn

 L
an

e 

No of Detectors 1 * 

Leading Detector 2 m * 

Trailing Detector 0 m * 

Detector 1 Position 0.0 m * 

Detector 1 Size 2.0 m * 

Detector 1 Type Call + Extension * 

Th
ro

ug
h 

La
ne

 

No of Detectors 1 * 

Leading Detector 10 m * 

Trailing Detector 0 m * 

Detector 1 Position 0.0 m * 

Detector 1 Size 0.6m * 

Detector 1 Type Call + Extension * 

R
ig

ht
 T

ur
n 

La
ne

 

No of Detectors 1 * 

Leading Detector 2 m * 

Trailing Detector 0 m * 

Detector 1 Position 0.0 m * 

Detector 1 Size 2.0 m * 

Detector 1 Type Call + Extension * 

Synchro Factors Parameters  Recommended Values ( * - non-adjustable)

H.2.4.1.5   Turning Speed Left Turns 40 km/h  

(use higher speeds at locations where turn angle is > 100 

degrees) 

Right Turns 30 / 40 / 50 km/h  

(use higher speeds if turning radii are designed for higher 

speeds) 

H.2.4.1.6    Lane Utilization  Defaults * 

H.2.4.1.7    Conflicting Peds  0 ped (ignore) * 

H.2.4.1.8    Conflicting Bikes  0 bike (ignore) * 

H.2.4.1.9    Peak Hour Factor  0.95 * 

H.2.4.1.10  Heavy vehicles  5% * (unless specified noted otherwise) 

H.2.4.1.11  Signal Timing  

M
in

. I
ni

tia
l Main Street Major Arterial / Thoroughfare - 30 s * 

Minor Arterial / Collector / Non Thoroughfare – 20 s * 

Side Street 10 s * 

Left Arrows 7s * 

Am
be

r 

Through Posted Speed: 5.0s for 80 km/h; 4.5s for 70 km/h; 4.0s for 60 

km/h; 3.5s for 50 km/h * 

Lagging Left Arrow 

 

3.0s amber * 

Leading Left arrow (Prot-Proh) 3.0s amber * 

Leading Left arrow (Prot-Perm) 3.0s amber * 

A
ll 

R
ed

 

Through From Major Road (Arterial) – 2.0 s * 

From Minor Road (Ramps), crossing 6 lanes – 2.5s * 

From Minor Road (Ramps), crossing 4 lanes – 2.0s * 

Lagging Left Arrow 

 

Same as concurrent through phase * 

Leading Left arrow (Prot-Proh) 2.0s all red * 

Leading Left arrow (Prot-Perm) 1.0s al red * 

H.2.4.1.12  Recall Mode 

     

Major Street C-Min * 

Minor Street None (can be adjusted to min recall with the appropriate min 

Green setting if it is needed to create a desirable signal 

coordination pattern) 

Left Turns None (can be adjusted to min recall with the appropriate min 

Green setting if it is needed to create a desirable signal 

coordination pattern) 

H.2.4.1.13 Lead / Lag   Lead or Lag as warranted by operational benefits 

H.2.4.1.14 Pedestrian Timings (generally 

not set except noted otherwise specifically.  

If that is the case, use these parameters) 

Walk Time 7 s 

Walking Speed 1.2 m/s 

Flashing Don’t Walk Time (FDW) FDW = Crosswalk Distance / 1.2 – amber – Red; Crosswalk 

distance to be measured along the centre of crosswalk, measure 

to ~ 2 m beyond edge of conflicting through lane 
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H.2.5 SimTraffic Modeling Approach  
 

 SimTraffic model must represent the proposed interchange accurately i.e. link length, bay length, turn radius, link 
speed, turn speed, etc 

 Consider longer external links / boundary links to avoid potential denied entry occurring outside the model network 
 Headway factor shall be adjusted for road segments with lower capacity (e.g. loop ramp and C-D Lanes) – apply 

adjustment factor using ratio of road segment capacity over ideal link capacity (See Table in Section H.2.5.1).   
 Headway factor shall be adjusted for free-flow C-D roads / ramp segments with higher capacity.  The headway 

factors for the following ramp / C-D lane operating speeds are: 
 If there are long queues, add feeder intersection to simulate effects of upstream traffic signals (metering effect) 
 May consider using signal coordination to dictate progression pattern so that arrival patterns of conflicting 

platoons can be separated.  Longer ramp minimum green may be used to create gaps at downstream intersection 
 If there is uneven lane distribution at double left turn lanes, the number of receiving lanes may be increased to 

improve the downstream traffic flow in the SimTraffic model.  If that still does not work, the mandatory and 
positioning distance simulation settings may be modified. 

 
H.2.5.1 SimTraffic Modeling Parameters 
 

SimTraffic Simulation 
Settings 

Parameters 
Recommended Values (* - non-

adjustable) 
H.2.5.1.1   Interval Parameters Seeding Interval One 15 minutes interval * 

Recording Interval Four 15 minutes intervals * 

PHF Adjust Yes for Third Recording Interval * 

Anti-PHF Adjust Yes for First, second and Fourth Recording Intervals * 

H.2.5.1.2   Vehicle Parameters 
Truck Percentage by Class 

Use 0.05 Semi-1; 0.02 Semi-2; 0.03 Bus *  

(unless specifically stated otherwise) 

H.2.5.1.3  Driver Parameters All parameters Use default values * 

H.2.5.1.4  Enter Blocked 

                 Intersection?  

Signalized Intersection No * 

Unsignalized Intersection No * 

Ramp Merge / Diverge Terminal Yes * 

H.2.5.1.5 Median Width Single Left Turn Lane Without median 3.5m 

Single Left Turn Lane with Median 6.0m (= 3.5m + 2.5m) 

Double Left Turn Lanes with Median 9.5m (=3.5m + 3.5m + 2.5m) 

H.2.5.1.6 Headway Factor Ramp/C-D Lane with Operating Speed  Headway Factor 

> 80 km/h 0.97 
66 to 80 km/h 0.93 
51 to 65 km/h 0.88 
31 to 50 km/h 0.84 
≤ 30 km/h 0.80 

H.2.5.1.7 Turning Speed Left Turns 40 km/h  
(use higher speeds at locations where turn 

angle is > 100 degrees) 
Right Turns 30 / 40 / 50 km/h  

(use higher speeds if turning radii are 
designed for higher speeds) 

 

 

 

H.2.5.2 SimTraffic Output Evaluation Criteria 
 

 Average Delay Per Vehicle - Flag (for operational problems) raised when value > 60 s/veh 

 Queue Length – view static queue plot or maximum queue length in simulation report.  In cases where the 

maximum queue in the simulation report is very long and yet this level of queue is not observed in the simulation, 

the simulation visual observation will be used.  The maximum queue length can be estimated by scaling the 

observed maximum queue length. 

 Denied Entries – need to confirm at the end of the simulation run that there are minimum denied entries 

 Lane Distribution – Check simulation for lane distribution in double left turn lanes to see if simulation is reasonable 

 Optimum design is a balance between signal split timing allocation and bay storage / approach LOS (queue 

management / control) 
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H.3 Sensitivity Analysis – AHD Mainline Level of Service 
 

H.3.1 Robustness of Recommended Long Term AHD Laning  
 

Table No. Description 

Table H.3.1.1 Recommended Long Term AHD Laning with 80% Long Term Traffic Volumes 

Table H.3.1.2 Recommended Long Term AHD Laning with 90% Long Term Traffic Volumes 

Table H.3.1.3 Recommended Long Term AHD Laning with 100% Long Term Traffic Volumes 

Table H.3.1.4 Recommended Long Term AHD Laning with 110% Long Term Traffic Volumes 

Table H.3.1.5 Recommended Long Term AHD Laning with 120% Long Term Traffic Volumes 

 Note: Results are summarized in Table 4.11 in the main Report 
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H.3.2 Robustness of Recommended 30 Year AHD Laning – Under Long Term Traffic  
 

Table No. Description 

Table H.3.2.1 Recommended 30 Year (2041) AHD Laning with 80% Long Term Traffic Volumes 

Table H.3.2.2 Recommended 30 Year (2041) AHD Laning with 90% Long Term Traffic Volumes 

Table H.3.2.3 Recommended 30 Year (2041) AHD Laning with 100% Long Term Traffic Volumes 

Table H.3.2.4 Recommended 30 Year (2041) AHD Laning with 110% Long Term Traffic Volumes 

Table H.3.2.5 Recommended 30 Year (2041) AHD Laning with 120% Long Term Traffic Volumes 

 Note: Results are summarized in Table 4.13 in the main Report 
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H.3.3 Robustness of Recommended 30 Year AHD Laning  
 

Table No. Description 

Table H.3.3.1 Recommended 30 Year (2041) AHD Laning with 70% 30 Year Traffic Volumes 

Table H.3.3.2 Recommended 30 Year (2041) AHD Laning with 80% 30 Year Traffic Volumes 

Table H.3.3.3 Recommended 30 Year (2041) AHD Laning with 90% 30 Year Traffic Volumes 

Table H.3.3.4 Recommended 30 Year (2041) AHD Laning with 100% 30 Year Traffic Volumes 

Table H.3.3.5 Recommended 30 Year (2041) AHD Laning with 110% 30 Year Traffic Volumes 

Table H.3.3.6 Recommended 30 Year (2041) AHD Laning with 120% 30 Year Traffic Volumes 

 Note: Results are summarized in Table 4.15 in the main Report 
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H.3.4 Robustness of Existing AHD Laning  
 

Table No. Description 

Table H.3.4.1 Recommended Existing AHD Laning with 70% 30 Year Traffic Volumes 

Table H.3.4.2 Recommended Existing AHD Laning with 80% 30 Year Traffic Volumes 

Table H.3.4.3 Recommended Existing AHD Laning with 85% 30 Year Traffic Volumes 

Table H.3.4.4 Recommended Existing AHD Laning with 90% 30 Year Traffic Volumes 

Table H.3.4.5 Recommended Existing AHD Laning with 100% 30 Year Traffic Volumes 

Table H.3.4.6 Recommended Existing AHD Laning with 110% 30 Year Traffic Volumes 

Table H.3.4.7 Recommended Existing AHD Laning with 120% 30 Year Traffic Volumes 

 Note: Results are summarized in Table 4.17 in the main Report 
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H.3.5 Robustness of Minimum Opening Day AHD Laning  
 

Table No. Description 

Table H.3.5.1 Recommended Minimum Opening Day AHD Laning with 70% 30 Year Traffic Volumes 

Table H.3.5.2 Recommended Minimum Opening Day AHD Laning with 80% 30 Year Traffic Volumes 

Table H.3.5.3 Recommended Minimum Opening Day AHD Laning with 85% 30 Year Traffic Volumes 

Table H.3.5.4 Recommended Minimum Opening Day AHD Laning with 90% 30 Year Traffic Volumes 

Table H.3.5.5 Recommended Minimum Opening Day AHD Laning with 100% 30 Year Traffic Volumes

Table H.3.5.6 Recommended Minimum Opening Day AHD Laning with 110% 30 Year Traffic Volumes

Table H.3.5.7 Recommended Minimum Opening Day AHD Laning with 120% 30 Year Traffic Volumes

 Note: Results are summarized in Table 4.19 in the main Report 
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H.4 Sensitivity Analysis – YHT Mainline Level of Service 
 

H.4.1 Robustness of Recommended Long Term YHT Laning  
 

Table No. Description 

Table H.4.1.1 Recommended Long Term YHT Laning with 80% Long Term Traffic Volumes 

Table H.4.1.2 Recommended Long Term YHT Laning with 90% Long Term Traffic Volumes 

Table H.4.1.3 Recommended Long Term YHT Laning with 100% Long Term Traffic Volumes 

Table H.4.1.4 Recommended Long Term YHT Laning with 110% Long Term Traffic Volumes 

Table H.4.1.5 Recommended Long Term YHT Laning with 120% Long Term Traffic Volumes 

 Note: Results are summarized in Table 4.21 in the main Report 
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H.4.2 Robustness of Recommended 30 Year YHT Laning – Under Long Term Traffic  
 

Table No. Description 

Table H.4.2.1 Recommended 30 Year (2041) YHT Laning with 80% Long Term Traffic Volumes 

Table H.4.2.2 Recommended 30 Year (2041) YHT Laning with 90% Long Term Traffic Volumes 

Table H.4.2.3 Recommended 30 Year (2041) YHT Laning with 100% Long Term Traffic Volumes 

Table H.4.2.4 Recommended 30 Year (2041) YHT Laning with 110% Long Term Traffic Volumes 

Table H.4.2.5 Recommended 30 Year (2041) YHT Laning with 120% Long Term Traffic Volumes 

 Note: Results are summarized in Table 4.23 in the main Report 
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H.4.3 Robustness of Recommended 30 Year YHT Laning  
 

Table No. Description 

Table H.4.3.1 Recommended 30 Year (2041) YHT Laning with 70% 30 Year Traffic Volumes 

Table H.4.3.2 Recommended 30 Year (2041) YHT Laning with 80% 30 Year Traffic Volumes 

Table H.4.3.3 Recommended 30 Year (2041) YHT Laning with 90% 30 Year Traffic Volumes 

Table H.4.3.4 Recommended 30 Year (2041) YHT Laning with 100% 30 Year Traffic Volumes 

Table H.4.3.5 Recommended 30 Year (2041) YHT Laning with 110% 30 Year Traffic Volumes 

Table H.4.3.6 Recommended 30 Year (2041) YHT Laning with 120% 30 Year Traffic Volumes 

 Note: Results are summarized in Table 4.25 in the main Report 
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H.4.4 Robustness of Existing YHT Laning  
 

Table No. Description 

Table H.4.4.1 Recommended Existing YHT Laning with 70% 30 Year Traffic Volumes 

Table H.4.4.2 Recommended Existing YHT Laning with 80% 30 Year Traffic Volumes 

Table H.4.4.3 Recommended Existing YHT Laning with 85% 30 Year Traffic Volumes 

Table H.4.4.4 Recommended Existing YHT Laning with 90% 30 Year Traffic Volumes 

Table H.4.4.5 Recommended Existing YHT Laning with 100% 30 Year Traffic Volumes 

Table H.4.4.6 Recommended Existing YHT Laning with 110% 30 Year Traffic Volumes 

Table H.4.4.7 Recommended Existing YHT Laning with 120% 30 Year Traffic Volumes 

 Note: Results are summarized in Table 4.27 in the main Report 
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H.4.5 Robustness of Minimum Opening Day YHT Laning  
 

Table No. Description 

Table H.4.5.1 Recommended Minimum Opening Day YHT Laning with 70% 30 Year Traffic Volumes 

Table H.4.5.2 Recommended Minimum Opening Day YHT Laning with 80% 30 Year Traffic Volumes 

Table H.4.5.3 Recommended Minimum Opening Day YHT Laning with 85% 30 Year Traffic Volumes 

Table H.4.5.4 Recommended Minimum Opening Day YHT Laning with 90% 30 Year Traffic Volumes 

Table H.4.5.5 Recommended Minimum Opening Day YHT Laning with 100% 30 Year Traffic Volumes

Table H.4.5.6 Recommended Minimum Opening Day YHT Laning with 110% 30 Year Traffic Volumes

Table H.4.5.7 Recommended Minimum Opening Day YHT Laning with 120% 30 Year Traffic Volumes

 Note: Results are summarized in Table 4.29 in the main Report 
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