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 Technical Memo 
 
 
 
   TO:    Project Team 
 

FR:     Mark T. Johnson, PE (AZ) – MTJ Roundabout Engineering 
 

RE:     D R A F T  Roundabout Analysis & Concept SKETCH Design Alternative Development 
   Fourth & Cedar/Lockett, City of Flagstaff, AZ 

 
DT:     December 14, 2020  
 

 
 
Please find the attached summary memo of our Operational Analysis and Concept Design 
Development for this intersection.  This memo includes additional analysis and concept design layouts 
to avoid/minimize residential impacts as requested during review meetings held on Nov. 23 and Dec. 
7, 2020. 
 
This memo provides a summary of this operational analysis and the concept designs we’ve developed 
for project team review and discussion. This memo is organized as outlined below:  
 
Outline: 

1. Operational Analysis 

A. 2019 Peak Hour Traffic Evaluation (Street Light and FMPO flipped)   

B. Sketch Laneage Options Analyzed 

C. Rodel operational output 

D. Analysis Summary 

 

2. Concept Design Summary 

 

3.   Summary 

 

Attachments: 

 Appendix A: 11x17 Concept Design Exhibits – Gray Scale Alts: A-F 

 Appendix B: 11x17 Design Exhibits – Colorized Alts: A, B, B1, B4, C, C4 

 

313 Price Place, Suite 11 
Madison, WI 53705 

Office: 608.238.5000 
info@mtjengineering.com 
www.mtjengineering.com 
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1. OPERATIONAL ANALYSIS 
 
The operational analysis is a foundational element of roundabout performance, and was conducted 
with the roundabout-specific analysis program Rodel (v.1.96). Rodel is well suited to provide an 
understanding of the expected performance of this roundabout (please see Rodel summary attached).  

 
Introduction 
Operational performance is foundational, providing an understanding of laneage alternatives to meet 
operational objectives. The operational analysis is used to inform selection of geometric design 
alternatives that may be possible for a given project and the associated performance and impacts.    

 

We have reviewed the provided Peak Hour turning 
movement counts for 2019 AM/PM/Off Peak for both the 
Street Light and FMPO flipped data.  Please see 
discussion below.  
We utilized higher flows of each set of data for our Rodel 
analysis. Additionally, we performed a sensitivity test 
(constrained capacity), allowing for an understanding of 
potential sensitive entries that may fail prior to others for 
a given layout. 
   
The Peak Hour Traffic Data evaluated are shown below in Figure 1.  
 
Fig. 1: 2019 AM/PM/MID Traffic  
(Source: City of Flagstaff) 
 

 
 
 

Fourth & Cedar/Lockett – Streetlight   
 

Fourth & Cedar/Lockett – 2019 FMPO Count 
Flipped 180 deg 
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A. 2019 Peak Hour Traffic 

Evaluation 
To ascertain a conservative 
analysis we have identified the 
highest flow for each movement 
and each peak from the provided 
traffic data (2019 Street Light and 
2019 FMPO Flipped).  
 
This new turning movement 
diagram is shown to the right in 
Figure 2 for 4-Leg configuration 
and Figure 3 for Double 
Roundabout configuration. For 
our initial operational analysis 
purposes we have developed two 
primary layouts and they include: 

 4-Leg Alternative  
 Double Roundabout 

Alternative.  
 
The 4-Leg ties all legs into a 
singular roundabout.  
 
The Double Roundabout provides 
two separate smaller 3-Leg 
roundabouts at each intersection 
with a short connection between 
them.  
 
One key analysis issue for the 
Double Roundabout is providing 
adequate capacity for the 
connecting leg entries based on 
available queue storage between 
them.  
 
Operational Analysis was 
conducted on two scenarios for 
each layout (4-Leg and Double). 
The primary difference is the 
evaluation of the NB entry with a 
single lane and then with a two-
lane entry (LEFT ONLY and THRU).  
   

Fig. 2:  4-Leg Roundabout 2019 highest flows from each set of 
traffic data 

 
Fig. 3:  Double Roundabout 2019 highest flows 
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B. Sketch Laneage Options Analyzed 
Four-Leg Roundabout Analysis includes two laneage scenarios:  

1) Single-Lane Entries for all entries with 
o Yield RT Lane for EB entry  

2) Single-Lane Entries for all entries with 
o Yield RT Lane for EB entry  
o Added Two-Lane NB entry  

 

Double Roundabouts Analysis includes two laneage scenarios: 
1) South roundabout  

o SB entry includes a Yield Right Lane  
o EB entry includes a Yield Right Lane (YRTL)  
North roundabout 
o Single Lane Entries 

2) South roundabout  
o Two NB Entry Lanes 
North roundabout 
o NB entry includes a Yield Right Lane  

 
Four-Leg Roundabout – Single NB Lane Double Roundabouts – Single NB Lane 

  
Four-Leg Roundabout – Two NB Entry Lanes Double Roundabouts – Two NB Entry Lanes 
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C. Rodel Operational Output 
 

2019: 4 Leg Roundabout - Single NB Entry Lane  
 
2019 Single Lane Roundabout AM 

 
2019 AM Sensitivity Testing 85% CL (~10% Reduced Capacity) 

 
2019 Single Lane Roundabout PM 

 
2019 PM 85% CL (~10% Reduced Capacity) 

 
 
Notes: Critical Hr is AM, NB LOS E, WB LOS F, SB LOS D as single lanes, to provide more capacity an aux. 
NB LT lane can be added, LEFT ONLY, THRU-RIGHT.  
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2019: 4 Leg Roundabout – Two NB Entry Lanes  
2019 AM 

 
2019 AM 85% CL (~10% Reduced Capacity) 

 
 
 
 
2019 PM 
 

2019 PM 85% CL (~10% Reduced Capacity) 
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2019 Double Roundabout with Single NB Entry Lane 
North Roundabout AM 
2019 AM 

 
2019 AM 85% CL 

 
 
Notes: AM Peak WB entry shows some sensitivity.  
 
North Roundabout PM 
2019 PM 

2019 PM 85% CL 

 
Notes: Pm peak NB entry is critical entry. This connection leg to south roundabout has Q storage 
available of ~3 veh. Analysis shows more capacity necessary for this entry to reduce Queueing.     
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South Roundabout AM 
2019 AM 

 
2019 AM 85% CL 

 
 
 
 
South Roundabout PM 
2019 PM 

 
2019 PM 85% CL 

 
 
Notes: Critical analysis and Entry is the NB morning am peak... To provide more capacity an aux. LT lane 
can be added, LEFT ONLY, THRU-RIGHT. See Alt C1 
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2019 Double Roundabout with Two NB Entry Lanes 
South Roundabout 
2019 AM 

 
2019 AM 85% CL 

 
 
South Roundabout 
2019 PM 

2019 PM 85% CL 
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North Roundabout 
2019 AM 

 
2019 AM 85% CL 

 
 
 
North Roundabout 
2019 PM 

2019 PM 85% CL 
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D. Analysis Results Summary 
 

4-Leg Roundabout: 
 Sensitivity testing with 2019 flows shows both the NB and WB entries LOS degrade more rapidly 

as single-lane entries.  
 NB entry sensitivity is addressed with the addition of a NB LT Only Lane, resulting in a two-lane 

NB entry. This will conform to the existing two-lane NB lanes.   
o The directional distribution for NB movements is close to 50/50 for LT and THRU-Rights;  

therefore, adding the LT Only lane substantially improves capacity for this entry as both 
lanes are equally utilized.  

 WB Entry:  
o With the addition of the NB LT Only Lane the WB entry capacity is also increased due to 

the addition of two circulating lanes past the WB entry.  
o While additional capacity for the WB entry could be achieved with application of a Flared 

Two-Lane Entry (THRU-RIGHT and THRU-LEFT), this adds substantial complexity to the 
design which would require additional design space to address. 

 
Double Roundabouts:  
 

 NB entry shows sensitivity as a single-lane entry, which is addressed with inclusion of two NB 
entry lanes (LEFT ONLY, THRU). 
 

 WB entry sensitivity is reduced with the two-roundabout application as the NB left turn flows 
(circulating/opposing) are removed from the WB entry of north roundabout; therefore, increasing 
capacity for the WB entry.  
 

 Available queue storage between the two closely spaced roundabouts is ~3 vehicles. Providing 
the YRTLs for the connecting entries provides satisfactory queue storage.  

 
 
TRAFFIC GROWTH SENSITIVITY ANALYSIS SUMMARY 
 
To ascertain the potential for available traffic growth for each roundabout application, we have analyzed 
both layout scenarios with two NB entry lanes. With this laneage layout we have grown traffic by 5% 
increments to understand at what point the roundabouts begin to break down.  
 
Analysis shows each design layout begins to degrade for critical entries with 25% growth for the SB & 
WB movement and 30% traffic growth for the EB and NB movements. Analysis output with this growth 
scenario is shown below for each layout (4-Leg, Double).  The Double Roundabout provides slightly 
improved LOS as compared to the 4-Leg layout. However, it is noted that queue storage between the 
two closely spaced roundabouts will need closer evaluation.  
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4-Leg Roundabout 
25% Growth SB and WB, 30% Growth EB and NB 
AM 

 
 
PM 

 
 
Double Roundabout 
25% Growth SB and WB, 30% Growth EB and NB 
 
North Roundabout AM 
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North Roundabout PM 

 
 
South Roundabout AM 

South Roundabout PM 

 
 
 
 
 
 



Flagstaff, AZ – Fourth & Cedar/Lockett                                   14 

4-Leg Roundabout:  
 

2019 + 25% Growth SB and WB, 30% Growth EB and NB 
Leg Del sec 

(am/pm) 
LOS (am/pm) 

SB (N Fourth St) 38 / 9 E / A 
EB (E Cedar Ave) 11 / 13 B / B 
NB (N Fourth St) 12 / 16 B / C 

WB (E Lockett Rd) 38 / 12 E / B 
 
 
 
Double Roundabout:  
 

2019 + 25% Growth SB and WB, 30% Growth EB and NB 
 

North 3-Leg Roundabout 
Leg Del sec 

(am/pm) 
LOS (am/pm) 

SB (N Fourth St) 14 / 6 B / A 
NB (N Fourth St) 6 / 12 A / B 

WB (E Lockett Rd) 30 / 9 D / A 
   

 
South 3-Leg Roundabout 

Leg Del sec 
(am/pm) 

LOS (am/pm) 

SB (N Fourth St) 16 / 7 C / A 
NB (N Fourth St) 12 / 14 B / B 

WB (E Lockett Rd) 14 / 21 B / C 
 
Analysis Summary 
The operational analysis shows that two NB lanes are necessary to meet operational objectives for either 
the 4-Leg or Double Roundabout alternatives. 
  
The Double Roundabout layout requires a Yield RT Lane between each roundabout to address queuing 
between the closely spaced double roundabouts. 
 
 
2. CONCEPT DESIGN SUMMARY – Primary Roundabout Layout Options Evaluated (see Fig. 3 

below) 
 

Design Layouts: 
To ascertain viable layout alternatives that minimize adverse impacts to surrounding parcels we have 
developed several iterations for both the 4-Leg and the Double layout alternatives and these are 
summarized below, shown in Figure 3, and attached in the appendix B as full exhibits. 
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4-LEG ALTERNATIVES 
 Alt A – 170’ Circular ICD:   

o Single-Lane Entries for all entries with Yield RT Lane (YRTL) for west leg (EB entry)   
o Description: 

 Impacts two residential properties along E. Lockett Rd.  
 Alt B – 190’ x 160’ Non Circular ICD: Auxiliary NB Left Turn Lane 

o Single-Lane Entries for all entries with Yield RT Lane for west leg (EB entry).   
o Description: 

 Impacts one residential property along E. Lockett Rd.  
 Reduces impacts to the S-W quadrant 

 Alt B1 – 180’ x 160’ Non Circular ICD: Auxiliary NB Yield Right Lane  
o Single-Lane Entries for all entries with Yield RT Lane for west leg (EB entry)  
o Description: 

 Alt C is similar to Alt B but it is shifted east 
 Reduces impacts to both NW and the SW quadrant 
 Impacts one residential property along E. Lockett Rd.  

 Alt B4 – 176’ x 138’ No Residential Structure Impacts  
o Yield RT Lane for west leg (EB entry).   
o Two-Lane NB Entry 
o Description: 

 Alt B-1 strives to minimize adverse impacts to residential property along E. Lockett Rd.  
 

DOUBLE ROUNDABOUT ALTERNATIVES 
 Alt C – Two Closely Spaced ‘Compact’ Roundabouts: 

o South roundabout  
 EB entry includes a Yield Right Lane (YRTL)  
 SB entry includes a Yield Right Lane to accommodate the higher flows for that entry in 

this layout configuration  
o Description: 

 Impacts residential property along North Leg of N. Fourth St. 
 Reduced overall impacts  

 Alt C-4 – Two Closely Spaced ‘Compact’ Roundabouts: 
o South roundabout 

 EB entry includes a Yield Right Turn Lane (YRTL) 
 SB entry includes YRTL 
 NB entry includes two entry lanes 

o North roundabout 
 Includes a fully mountable central island (aka mini-roundabout) 
 NB entry includes a Yield Right Turn Lane  

o Description: 
 Strives to minimize adverse impacts to residential properties 
 Reduces impacts to west side of northern roundabout 
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Fig. 3 
Alternatives B3 and C4 both strive to avoid impacts to residential structures and are shown below.  

Alt A: 170’ Circular ICD  2 Residential Impacts Alt B: 190’ x 160’ Non-Circular ICD 1 Residential Impact 

  
Alt B-3 Two NB Lanes: No Residential Impacts 
178’ x 140’ Non-Circular ICD 

Alt. B-4 Two NB Lanes:  1 Residential Impact 
178’ x 140’ Non-Circular ICD 

  
Alt C Double Roundabout: 1 Residential Impacts 
South 100’ x 90’ Non-Circular ICD, North 90’ ICD 

Alt C-4: Double Roundabout – No Residential Impacts 
South 100’ x 90’ ICD, North 100’ x 80’  ICD 
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Additional Alternatives Developed: 
 
Alt D 
Alt D leaves N. Fourth Street as a Side Street stop-controlled condition. This configuration will require 
operational analysis to determine its feasibility.  The ¾ access configuration at N. Fourth St. requires the 
minor SB Left from N. Fourth St. to make a RT and utilize the U-Turn capability at the roundabout to go 
east on E. Lockett Rd.  
 
Alt E  
Alt E is a variation of the previous Double roundabout layout but T’s N. Fourth Street into E. Lockett.  
This layout creates challenges to meet safety design principles such as speed control for one or more 
movements. This may be mitigated with other design features such as raised pedestrian crossings. 
Therefore, the benefits of this layout do not appear favorable as a viable alternative.  If City desires to 
pursue this further for feasibility, this layout will require additional design work.  
 
Alt D Alt E 

 
 

Please see attached 11 x 17 exhibits for Alts A, B, C, D, E. 
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3. Summary  
Operational Analysis 
 
Traffic Flows: To ascertain a conservative 2019 condition we combined the highest flows for each 
movement from both sets of provided 2019 traffic data (Streetlight and FMPO adjusted). 
   
The operational analysis results indicate that two NB lanes are necessary to meet operational objectives for 
both the Double and 4-leg layouts. Two NB lanes utilize the existing 2-lane approach lanes of the south leg 
Fourth St., with the NB lane #1 assigned as a LEFT ONLY lane, and lane #2 as a Thru-Right lane for both 
layouts.    
 
The updated analysis with highest flows from each set of traffic also indicates that the Double Roundabout 
layout requires Yield Right Turn Lane for each direction of the connecting leg to ensure minimal queuing 
between the two roundabouts. This is a key consideration for closely spaced roundabouts.  This updated 
analysis with highest flows from each set of data shows that initial Alternative layouts with single NB entry 
lane do not meet operational objectives.  
 
Future Traffic Growth 
To ascertain the potential for available traffic growth accommodation for each viable roundabout 
application (4 Leg and Double) we conducted sensitivity testing for each scenario.  We utilized 5% traffic 
growth increments to understand at what growth rate the roundabouts begin to break down.  
 
Sensitivity testing analysis shows each design layout begins to degrade for critical entries at 25% growth 
for the SB & WB movements and 30% growth for the EB & NB movements. It noted that once growth 
rates are developed (by others) based on regional modeling this future analysis can be updated to 
reflect differing future growth rates as deemed necessary.  
 
Concept Designs 
The existing roadway alignments, cross sections, existing constraints and operational analysis inform the 
design layouts we’ve developed. Based on the context of this application we have developed two primary 
layout alternatives: 4-Leg and Double Roundabout. Both of these layouts are developed for evaluation to 
ascertain viable alternatives that strive to minimize adverse impacts to surrounding parcels, meet 
operational objectives, and adhere to foundational safety principles for all modes.  
 
For both of the primary 4-Leg and Double layouts we developed a number of concept iterations aimed at 
exploring for best fit and adherence to design safety principles, including large truck accommodations. 
Both layouts accommodate WB-62 for all movements.  
 
The three most viable alternatives are shown below with a brief summary of each.  All Alternatives 
developed are included in the appendices. 
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Alt B-3: 
The residential structure in the east quadrant is a 
significant design constraint for the 4-Leg layout.  
 
This constraint makes achieving all design 
principles more challenging with the geometrics of 
the east leg necessary to avoid the residential 
structure impact.  In particular, the safety principle 
of striving to achieve as close to 90 degree angles 
as possible between legs and design 
accommodations for large trucks (WB-62) is 
somewhat diminished.  
 
 
 
 
Alt B-4: 
This concept is similar to B3 but realigns the east 
leg and impacts the residential structure in the east 
quadrant. By opening up this design space for the 
east leg the east leg alignment improves the angle 
between legs and improves large truck 
accommodations as compared to B3.  
 
 
 
 
 
 
Alt C-4: 
C4 builds on earlier versions of the Double 
Roundabout concept and has been further 
developed to a higher level of design refinement to 
understand its potential for best fit for the 
intersection and to avoid adverse impacts.  
 
C4 avoids impacts to residential structures and 
strives to minimize other adverse impacts. The 
north roundabout has been shifted south and west 
to minimize impacts adjacent to the middle school.  
 
 
 
 
 
 
 

Alt B-3 Two NB Lanes: No Residential Impacts 
178’ x 140’ Non Circular ICD 

 
Alt. B-4 Two NB Lanes:  1 Residential Impact 
178’ x 140’ Non Circular ICD 

 
 
Alt C-4: Double Roundabout – No Residential Impacts 
South 100’ x 90’ ICD, North 100’ x 80’  ICD 
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Comparison: 
Based on the alternatives analysis, Alts B4 and C4 
are the most viable alternatives. Colorized versions 
of Alt B4 and C4 are shown to the right with brief 
summary of each describing primary differences 
between each.  11x17 colorized exhibits of each 
are attached in Appendix C. 
 
Alt B-4:  
The 4 leg roundabout and associated size and 
shape allows for large central island landscaping 
plan.   
 
 
 
 
Alt C-4: 
The closely spaced compact double roundabout 
layout utilizes a full mountable central island for 
the north roundabout to accommodate the WB 62 
design vehicle, thus precluding the ability to 
landscape the central island.  
 
The southern compact roundabout allows for a 
small area of the central island to be landscaped 
while still accommodating the WB-62 design 
vehicles movements.  
 
 
 
 

 
 

 
Alternative 

Number 
or 
Residential 
Impacts 

# of 
veh/veh 
conflict 
points 

# of 
pedestrian 
crossing 
lanes 

*Bike 
Accommodations 

Speed 
Control  

Central Island 
Landscaping  

4 Leg  (B4) 1 7 10 Implements bike 
ramps  

Higher 
circulating 
speeds 

Much larger area 
for landscaping  

Double 
(C4) 

0 10 10 Implements bike 
ramps 

Slower 
circulating 
speeds 

Small 
landscaping area 
- south 
roundabout only 

 
*Both alternatives incorporate bike ramps on approach and exits to allow cyclists the choice to exit the 
roadway to the 8’-10’ shared-use pathway, or stay on the roadway and take a lane as a vehicle.  
 
 

Alt. B-4:  Residential Structure Impacts 
178’ x 140’ Non Circular ICD 

 
Alt C-4: Double Roundabout –  
No Residential Structure Impacts 
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I look forward to discussing this analysis and the associated concept sketch level designs with the project 
team.   
 
 
Sincerely, 

 

Mark T. Johnson, PE (AZ)  
MTJ Roundabout Engineering 

Attachments: 
   Appendix A: Rodel Output and overview of Rodel 
   Appendix B: Black & White Concept Design Exhibits Alts A-E  
   Appendix C: Colorized Concept Design Exhibits Alts A, B-C 
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APPENDIX A –  
 

Rodel Output  
& Summary of Program 
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A. RODEL OPERATIONAL ANALYSIS 
 
 
Four Leg Roundabout – Single NB Lane Double Roundabouts – Single NB Lane 

  
Four Leg Roundabout – Two NB Entry Lanes Double Roundabouts – Two NB Entry Lanes 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 www.rodel-interactive.com          1                         info@rodel-interactive.com  

 
 
 
 
 

 
 

 

Rodel Roundabout Analysis Software 
 

 

Rodel provides an excellent foundation from which to understand expected operations, allowing 
for confidence in the design decisions with respect to acceptable delay, queuing and ultimately 
feasibility for an associated geometric layout.   

Rodel is fully compliant with HCM methodologies and provides the following features: 

 

 Accurate Operational Analysis for All Types of Roundabouts 
o Seamless integration of HCM model & lane-based geometric model 

o Facilitates sound decision-making for Intersection Control Evaluations (ICE) 

o Validated by U.S. capacity data (see p. 2) 

o Facilitates selection of safe geometrics for all modes 

 Flared entries 

 Exclusive right turn modeling 

o Safety/economic analysis 

 

 Compliant with HCM procedures for roundabout analysis 
o 15-min. analysis, PHF, Right Hand Drive, standard units  

o Time Dependent Queuing Theory  

o High Definition Queuing Theory Equations provide accurate prediction at higher  

v/c ratios to avoid over-design (see p. 2)  

 

 Support 
o Online Tutorial Modules:  http://rodel-interactive.com/support/tutorials.html 
o Simple-to-follow case studies to accelerate learning 
o On-site training available 

       
  

http://www.rodel-interactive.com/
http://rodel-interactive.com/support/tutorials.html


 

 www.rodel-interactive.com          2                         info@rodel-interactive.com  

 
 
 
 
 
 

Highlighted Features of Rodel 

High Definition Queuing Theory 
Rodel is fully compliant with HCM methodologies and implements ‘Time Dependent Queuing 
Theory’ (developed by U.S. researcher P.M. Morse). Delay is derived from queuing theory 
equations, so nothing in this respect is different from HCM methodology to Rodel.  However, 
Rodel uniquely incorporates ‘High Definition’ queuing theory equations vs. low definition 
equation.  ‘High definition’ queuing theory equations allow for accurate and stable predictions for 
Queue and Delay at high v/c ratio conditions up to and exceeding 1.0. This allows for a thorough 
understanding of expected operations at end of traffic horizons, upon which lane and geometric 
decisions are typically based.  

Rodel’s high definition models use seven “time-dependent” equations to predict queue lengths 
and delays. Each equation is selected depending on whether the v/c ratio is less than or greater 
than 1.0, and if the queues are growing, reducing, or stable (TRL Report 909). 

Gap-based methodologies utilize a “low definition” model that incorporates a single average v/c 
ratio in a single queuing equation. The simplified time-dependent model gives good queue and 
delay predictions at lower v/c ratios. But as v/c ratios exceed 0.9, equations become more 
pessimistic in capacity estimation and predicted queue and delay can become unstable.   
This often results in a call for additional laneage, which may reduce safety and/or feasibility. 

Validated Accuracy  
Rodel’s accurate predictive capabilities have been field-verified on recent FHWA (US) capacity 
data.  Rodel’s capacity prediction output allows for a direct comparison to U.S. capacity data, 
providing a level of understanding and confidence not found in other analysis methods and/or 
programs.  Rodel includes both a Lane-Based Geometric model (Kimber’s) and the HCM 2010  
and HCM 6 Capacity Models.  Please see the paper recently published by Transportation Research 
Record (TRR) which validates Rodel’s geometric model for U.S. conditions:  Impact of Geometric 
Factors-Johnson, Lin-TRR Publication. 

Sensitivity Analysis 
Rodel’s sensitivity testing tools include: flow factor adjustments (to allow for annual percentage 
increases), confidence level (CL), and capacity adjustments.  These tools improve understanding of 
the expected operational performance based on the geometric design, to include: LOS, Delay, and 
Queuing. 

 

 

http://www.rodel-interactive.com/
http://journals.sagepub.com/doi/full/10.1177/0361198118758309
http://journals.sagepub.com/doi/full/10.1177/0361198118758309
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RODEL OPERATIONAL ANALYSIS 
 

2019: 4 Leg Roundabout - Single NB Entry Lane  
 
2019 Single Lane Roundabout AM 

 
2019 AM Sensitivity Testing 85% CL (~10% Reduced Capacity) 
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2019 Single Lane Roundabout PM 

 
2019 PM 85% CL (~10% Reduced Capacity) 

 
 
Notes: Critical Hr is AM, NB LOS E, WB LOS F, SB LOS D as single lanes, to provide more capacity an aux. 
NB LT lane can be added, LEFT ONLY, THRU-RIGHT.  
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2019: 4 Leg Roundabout – Two NB Entry Lanes  
2019 AM 

 
2019 AM 85% CL (~10% Reduced Capacity) 
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2019 PM 
 

2019 PM 85% CL (~10% Reduced Capacity) 
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2019 Double Roundabout with Single NB Entry Lane 
North Roundabout AM 
2019 AM 

 
2019 AM 85% CL 

 
 
Notes: AM Peak WB entry shows some sensitivity.  
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North Roundabout PM 
2019 PM 

2019 PM 85% CL 

 
Notes: Pm peak NB entry is critical entry. This connection leg to south roundabout has Q storage 
available of ~3 veh. Analysis shows more capacity necessary for this entry to reduce Queueing.     
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South Roundabout AM 
2019 AM 

 
2019 AM 85% CL 
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South Roundabout PM 
2019 PM 

 
2019 PM 85% CL 

 
 
Notes: Critical analysis and Entry is the NB morning am peak... To provide more capacity an aux. LT lane 
can be added, LEFT ONLY, THRU-RIGHT. See Alt C1 
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2019 Double Roundabout with Two NB Entry Lanes 
South Roundabout 
2019 AM 

 
2019 AM 85% CL 
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South Roundabout 
2019 PM 

2019 PM 85% CL 
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North Roundabout 
2019 AM 

 
2019 AM 85% CL 
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North Roundabout 
2019 PM 

2019 PM 85% CL 

 
 
 



Flagstaff, AZ – Fourth & Cedar/Lockett                                   23 

 
 
 
 
 

APPENDIX B 
 

 
11x17 Concept Design Layouts:  
Alts A-E (Grey Scale) 
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APPENDIX C 
 

 
11x17 Concept Design Exhibits:  
Alts A, B, B1, B4, C, C4 (Colorized) 
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