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Need and Purpose: 

 
The proposed improvement at the intersection of Bell Road and Boles Road is needed to reduce 
congestion and improve safety. The project site is located in Land Lot District 11, Land Lots 411 
and 414, within the City of Johns Creek in Fulton County. The intersection is approximately 1.5 
miles southeast of the intersection of Medlock Bridge Road (SR 141) and Abbotts Bridge Road 
(SR 120). The surrounding areas in the vicinity of the intersection of Bell Road and Boles Road 
are currently used as single family residential. Bell Road and Boles Road are collectors for SR 120 
to the southwest, SR 141 to the northwest, and McGinnis Ferry Road to the northeast. The existing 
T-intersection consists of Bell Road to the north with southbound traffic terminating at a stop 
condition. Bell Road continues to the east of the intersection and Boles Road is to the west. 
Eastbound and westbound traffic are free-flowing with no stop condition.   
 
Congestion at the existing T-intersection is caused by the southbound left and right turn 
movements from Bell Road, which is currently operating at LOS E & F.  A single lane roundabout 
is proposed to replace this existing intersection, which will remove the existing side street stop 
condition. The proposed roundabout will effectively reduce congestion by allowing traffic from 
each direction to flow through the intersection. The implementation of the proposed roundabout in 
the build year 2011 will improve the overall Level of Service of the intersection to a LOS B 
through the Design Year 2031. Levels of Service data tables for the intersection are provided 
below.  

Opening Year 2011 Future No Build Levels of Service 

Intersection AM  Peak Hour PM  Peak Hour 

Movement Overall Movement Overall 

# Name Control Movement LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C 

SB L+R E 47.7 0.73 F 421.3 1.85 
1 

Bell Rd 
& 

Boles Rd 

Side-
street 
STOP EB L+T A 5.6 0.22 

n/a n/a n/a 
A 3.1 0.12 

n/a n/a n/a 

Design Year 2031 Future No Build Levels of Service 

Intersection AM  Peak Hour PM  Peak Hour 

Movement Overall Movement Overall 

# Name Control Movement LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C 

SB L+R F 99.0 0.97 F 651.1 2.36 
1 

Bell Rd 
& 

Boles Rd 

Side-
street 
STOP EB L+T A 6.2 0.26 

n/a n/a n/a 
A 3.3 0.14 

n/a n/a n/a 
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Proposed Alternative - Opening Year 2011 Future Build Levels of Service 

Intersection AM  Peak Hour PM  Peak Hour 

Movement Overall Movement Overall 

# Name Control Movement LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C 

SB L+R A 7.2 0.25 B 12.2 0.66 

EB L+T A 5.8 0.42 B 10.7 0.61 1 
Bell Rd 

& 
Boles Rd 

Single-
lane 

Round-
about WB T+R A 9.8 0.61 

A 7.9 0.44 

A 5.6 0.35 

B 10.1 0.53 

Proposed Alternative - Design Year 2031 Future Build Levels of Service 

Intersection AM  Peak Hour PM  Peak Hour 

Movement Overall Movement Overall 

# Name Control Movement LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C LOS 

Delay 

(sec) V/C 

SB L+R A 8.1 0.30 C 17.5 0.76 

EB L+T A 6.4 0.47 B 14.3 0.70 1 
Bell Rd 

& 
Boles Rd 

Single-
lane 

Round-
about WB T+R B 12.6 0.69 

A 9.6 0.51 

A 6.0 0.39 

B 13.6 0.60 

 
The proposed improvement will also serve to calm traffic and thus improve safety by requiring 
vehicles to reduce travel speed to negotiate the roundabout. In addition the FHWA has 
documented crash data from recently installed roundabouts which indicates that the number of 
crashes is expected to decrease by 51% after installation of a roundabout. Crash history data for 
this intersection is provided in the Attachment section of this report. 
 

Proposed Project Description: 
 
This project involves constructing a three-leg single lane roundabout to replace the existing T-
intersection of Bell Road and Boles Road.    
 
The termini of Bell Road are approximately 210 feet to the east and 200 feet to the north of the 
intersection with Boles Road. The terminus of Boles Road is approximately 380 feet to the west of 
the intersection of Bell Road. The roundabout will be elevated approximately four feet higher than 
the existing intersection to improve the vertical profile on Bell Road, reduce right of way impacts 
and to avoid having significant utility relocation cost. A temporary off-site detour that utilizes the 
surrounding arterials will be used during construction of this project. 
 
The proposed typical section for Bell Road consists of two 11 foot lanes, a 10 ft urban shoulder 
with a 5 ft sidewalk on the west side, and a 16 ft urban shoulder with a 10 ft multiuse trail on the 
east side. The proposed typical section for Boles/Bell Road consists of two 11 foot lanes, a 10 ft 
urban shoulder with a 5 ft sidewalk on the north side, and a 16 ft urban shoulder with a 10 ft 
multiuse trail on the south side.  Landscaping and lighting features will be included.   
 
 
Is this Project in the Non-Attainment Area?  Yes    X       No  
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The proposed project consists of operational and safety improvements and does not add 

capacity. 

 

PDP Classification:  Major          Minor     X  

 
Federal Oversight:  Full Oversight (   ), Exempt ( X ), State Funded (  ), Other (   ) 
 
Functional Classification: Bell Road– Urban Collector 
        Boles Road/Bell Road – Urban Collector 
         
US Route Number(s)  N/A  State Route Number(s)  N/A 
 

Traffic (AADT): 
Bell Road     Build Year: (2011)      5,531      Design Year: (2031)      6,112    
Boles/Bell Road     Build Year: (2011)    12,219      Design Year: (2031)    13,501 
 

 

Existing Design Features: 

Bell Road  

• Typical Section: (1) 11’-0” Wide Travel Lane in each Direction with mix of rural and 
urban shoulders 

• Posted Speed Limit: 35 mph Minimum radius for curve:    760 ft. 

• Maximum Super-elevation rate for curve:  6.00% 

• Maximum Grade:  9.90%  

• Width of Right of Way:  60 ft. corridor 
 

Boles/Bell Road 

• Typical Section: (1) 9’-0” Wide Travel Lane in each Direction with mix of rural and 
urban shoulders                             

• Posted Speed Limit: 45 mph Minimum radius for curve:  1950 ft.  

• Maximum Super-elevation rate for curve:  4.00% 

• Maximum Grade:  5.10%  

• Width of Right of Way:  60 ft. corridor 

• Major Structures:  N/A 

• Major Interchanges and Intersections: N/A 
 

 

 

Proposed Design Features: 

Roundabout 

• Proposed Design Speed     15      mph  

• Proposed Maximum Grade through roundabout  2.00%     

• Proposed Inscribed Circle Diameter   120   ft 

• Proposed Circulatory Roadway Width   18     ft 
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Bell Road 

• Proposed typical section(s): (1) 11’-0” Wide Travel Lane in each Direction, a 10 ft urban 
shoulder with a 5 ft sidewalk on the west side, and a 16 ft urban shoulder with a 10 ft 
multiuse trail on the east side. 

• Proposed Design Speed Mainline  35    mph 

• Proposed Maximum Grade Mainline  9.19%    Maximum Grade Allowable 10.00% 

• Proposed Minimum Radius for Curve  N/A  Minimum radius allowable  340 ft. 

• Proposed Maximum super-elevation rate for curve:   NC 

• Right of Way 
o Width: 60 ft.Corridor  
o Easements:  Temporary (  ), Permanent (X), Utility (  ), Other (  ). 
o Type of access control: Full (  ), Partial (  ), By Permit (X), Other (  ). 
o Number of parcels:  2   Number of displacements:   0 

Boles/Bell Road 

• Proposed typical section(s): (1) 11’-0” Wide Travel Lane in each Direction, a 10 ft urban 
shoulder with a 5 ft sidewalk on the north side, and a 16 ft urban shoulder with a 10 ft 
multiuse trail on the south side.  

• Proposed Design Speed Mainline  45    mph 

• Proposed Maximum Grade Mainline 8.03 %  Maximum Grade Allowable  9.0 % 

• Proposed Minimum Radius for Curve  1950 ft. Minimum radius allowable  711 ft. 

• Proposed Maximum super-elevation rate for curve:  4.0% 

• Right of Way 
o Width: Corridor varies 85 ft to 115 ft. 
o Easements:  Temporary (  ), Permanent (X), Utility (  ), Other (  ). 
o Type of access control: Full (  ), Partial (  ), By Permit (X), Other (  ). 
o Number of parcels:  4   Number of displacements:  0 

• Design Exceptions to controlling criteria anticipated:   
UNDETERMINED  YES NO 

     HORIZONTAL ALIGNMENT:    (   )    (   )  (X) 
     VERTICAL ALIGNMENT:     (   )    (   )  (X) 
     LANE WIDTH:        (   )    (   )  (X) 

SHOULDER WIDTH:       (   )    (   )  (X) 
VERTICAL GRADES:      (   )    (   )  (X) 
CROSS SLOPES:       (   )     (   )  (X)  

     STOPPING SIGHT DISTANCE:    (   )    (   )  (X) 
     SUPERELEVATION RATES:     (   )    (   )  (X) 
     HORIZONTAL CLEARANCE:    (   )    (   )  (X) 
     SPEED DESIGN:       (   )      (   )  (X)  
     VERTICAL CLEARANCE:     (   )      (   )  (X) 

BRIDGE WIDTH:       (   )    (   )  (X) 
BRIDGE STRUCTURAL CAPACITY:   (   )    (   )  (X) 

• Design Variances: Lane Widths 

• Environmental Concerns: None anticipated 

• Level of Environmental Analysis: 
o Are Time Savings Procedures appropriate? Yes (X), No ( ), 
o Categorical exclusion (X), 
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• Utility Involvement:  
o Georgia Power – Power  
o Sawnee EMC – Power                          
o AT&T – Telecommunications  
o Comcast – Cable  
o Fulton County – Water & Sewer 
o Atlanta Gas Light – Gas  

 
VE Study Required Yes(  ) No(X) 
 
Project Responsibilities: 

 

• Design: City of Johns Creek 

• Right of Way Acquisition: City of Johns Creek 

• Relocation of Utilities: City of Johns Creek 

• Letting Contract: City of Johns Creek 

• Supervision of Construction: City of Johns Creek 

• Providing Materials pits: Contractor 

• Providing Detours: City of Johns Creek 
 
Coordination: 

 

• Initial Concept Team Meeting: 05/28/2008 

• Concept Team Meeting date:  3/25/2009 

• PAR meetings, dates and results:  None Anticipated 

• FEMA, USCG, and / or TVA:  N/A 

• Public Involvement:  PIOH – To be scheduled 

• Local Government comments:  None 

• Other Projects:   1.)  Bell Road over Cauley Creek (Bridge Replacement);      
     2.)  Bell Road at Rogers Bridge (Intersection);           
     3.)  Bell Road at Rogers Circle (Intersection)         

• Railroads:  None 
 

Scheduling – Responsible Parties’ Estimate: 
 

• Time to complete the environmental process: 9 months 

• Time to complete preliminary construction plans: 6 months 

• Time to complete right of way plans: 3 months 

• Time to complete the Section 404 Permits: None anticipated 

• Time to complete final construction plans: 6 months 

• Time to purchase right of way: 12 months 

• List other major items that will effect the project schedule: None anticipated 
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Other alternates considered: 
 
Alternates 1, 2A, 2B, and 2C are related to alternate 2C in the attached traffic report. 
 
Alternate 1 proposes improvements within a $650,000 construction cost at the request of the City 
of Johns Creek. This alternate includes a traffic signal and a left turn lane on Bell Road 
Southbound. No improvements are proposed for the vertical geometry or for shoulder 
improvements.   
 

PROS: 

• Construction cost within construction budget 

• Reduced utility impacts/cost 

• Subdivision entrance on east end of project will not be impacted 

• Easily constructed since the existing profile is matched 

• Low right of way cost 
CONS: 

• Does not satisfy capacity requirements 

• Significantly longer traffic delays than the other alternates 

• Existing vertical geometry does not meet 45 mph design speed 
 
Alternate 2A is an intersection with a design exception.  This alternate has a speed design of 35 
mph.  Alternate 2A proposes improvements with a design exception for a reduction in the desired 
speed design of 45mph to 35mph on Boles Road. This alternate proposes to add a traffic signal, a 
separate southbound left turn lane on Bell Road, a separate eastbound left turn lane on Boles Road, 
and a separate westbound right turn lane on Bell Road.  The typical section for this alternate is an 
urban section, including curb & gutter, sidewalk improvements, and a 10 ft multiuse trail. 
 

PROS: 

• Improves vertical alignment design speed from 25mph to 35 mph 

• Subdivision entrance on east end of project will not be impacted 

• Does not add an additional through lane 

• Reduces traffic delays 
CONS: 

• Significant utility impacts/cost 

• Off-site detour required to simplify construction/staging due to profile grade 
changes  

• The desired design speed of 45 mph is reduced to 35 mph to reduce cut and fill as 
well as right of way impacts. Design exception required 

• Increased construction cost 
 
Alternate 2B is similar to Alternate 2A except that it has a design speed of 30 mph.   
 

PROS: 

• Simplified construction/staging compared to alternate 2A due to minimal profile 
change. 
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• Reduced utility impacts/cost  

• Off-site detour not necessary 
CONS: 

• Sag vertical curve desired design speed of 45 mph on Boles Road is reduced to 30 
mph 

• Vertical curve on Bell Road (N-S) set to match existing with a 35mph design 
except for near the intersection where there is a 25mph sag vertical curve 

 
Alternate 2C proposes improvements without a design exception. This alternate proposes to add a 
traffic signal, a separate southbound left turn lane on Bell Road, a separate eastbound left turn lane 
on Boles Road, an additional westbound through lane on Bell Road, and a separate westbound 
right turn lane on Bell Road. The vertical geometry on both Bell and Boles Road are improved to 
45mph design speed.  The typical section for this alternate is an urban section, including curb & 
gutter, sidewalk improvements, and a 10 ft multiuse trail. 
 

PROS: 

• Satisfies capacity through design year 2031. LOS is B for the AM and PM peak 
hours 

• Improves Boles Road and eastbound leg of Bell Road profile to 45mph 
CONS: 

• Off-site detour required to simplify construction/staging due to profile grade 
change on Boles Road 

• Increased construction cost 

• Significant right of way impacts/cost 

• Requires additional through lane and there are no future corridor plans to add 
additional lanes 

• Significant utility impacts/cost    

• Subdivision entrance on east end of project will be impacted and right turn lane 
into subdivision will require reconstruction 

 
Alternate 3 is a single lane roundabout however it results in significant impacts to utilities on Bell 
Road (N-S).  The design speed approaching the roundabout is 35 mph. 
 

PROS: 

• Satisfies capacity requirements 

• Reduced right of way impacts/cost 

• Subdivision entrance on east end of project will not be impacted 
 

CONS: 

• Significant utility impacts/cost 

• Off-site detour required to simplify construction/staging due to profile grade 
change on Bells Road (N-S)  

 
Alternate 4 is similar to alternate 3 except that the intersection is raised to avoid cut on Bell Road 
(N-S). The construction length is reduced on Bell Road (N-S) and increased on Boles/Bell Road. 
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This resulted in higher construction and right of way cost however the net result is a reduced 
overall cost. The design speed approaching the roundabout is 35 mph.  The typical section for this 
alternate is an urban section, including curb & gutter, sidewalk improvements, and a 10 ft multiuse 
trail. 
 
PROS: 

• Satisfies capacity requirements 

• Reduced utility impacts/cost 

• Subdivision entrance on east end of project will not be impacted 
CONS: 

• High right of way impacts/cost 

• Off-site detour required to simplify construction/staging due to profile grade 
change on Boles/Bell Road 

 
Alternate 5 is similar to alternates 2A and 2B, however the intersection was raised to reduce utility 
impacts as well as provide a design speed of 45 mph on Boles/Bell Road.  
 
PROS: 

• Improves vertical alignment design speed from 25mph to 45 mph 

• Reduced utility impacts/cost 

• Does not add an additional through lane 

• Reduces traffic delays 

• A design exception will not be required 
CONS: 

• Off-site detour required to simplify construction/staging due to profile grade 
changes 

• High right of way  impacts/cost 

• Increased construction cost 
 
Alternate 6 (recommended alternate) is similar to alternate 4 except that the three approaches to 
the roundabout have been minimized in length.  This resulted in lower construction and right of 
way cost.  The proposed design speeds for Bell Road and Boles/Bell Road are 35 mph and 45 mph, 
respectively.  All approaches are slowed to 15 mph to navigate through the roundabout. 
 
 

PROS: 

• Satisfies capacity requirements 

• Reduced right of way impacts 

• Reduced utility impacts/cost 

• Subdivision entrance on east end of project will not be impacted 
CONS: 

• Off-site detour required to simplify construction/staging due to profile grade 
change on Boles/Bell Road 
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Attachments: 
1. Cost Estimates: 

a. Summary of cost including Engineering and Inspection Cost and Construction 
Contingencies 

b. Detailed Cost Estimate Report 
c. Fuel and Liquid AC adjustments 
d. Utility Cost 
e. Right of Way Cost Estimate 
f. Alternate Cost Comparison Matrix 

2. Sketch location map 
3. Typical sections 
4. Accident summaries 
5. Minutes of Initial Concept and Concept meetings 
6. Minutes of any meetings that show support or objection to the concept 
7. Location and Design Notice   
8. Plan and Profiles 
9. Capacity analysis (see attached traffic study) 
10. BC Ratio 
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EXECUTIVE SUMMARY 
 
 
PROJECT INFORMATION: Improvements are proposed for the intersection of Bell Road and 
Boles Road in the City of Johns Creek, Georgia.  Three improvement “Alternatives” are 
being considered and are discussed below.  Opening year of the intersection 
improvement is anticipated in 2011, and the design year of the project is 2031 (twenty 
years after opening).   
 
The purpose of this study is to provide an analysis of the projected traffic conditions with 
and without construction of the proposed Bell Road and Boles Road intersection 
improvement project in the opening year 2011 and the design year 2031.  Traffic 
volumes were developed without and with construction of the intersection 
improvements for a typical weekday when schools are in session.  Analysis was 
conducted during the weekday AM and PM peak hours.  Recommendations include 
intersection geometries and traffic controls, as well as lengths of proposed auxiliary 
turning lanes.    
 
In addition to Future No Build conditions, three “Alternatives” were analyzed:   
 

 Alternative 1 – Alternative 1 would add lanes at the intersection, and the 
intersection would remain unsignalized. 

 
 Alternative 2 – Alternative 2 would add lanes and a traffic signal at the 

intersection. 
 

 Alternative 3 – Alternative 3 would add a roundabout at the intersection.   
  
  
FINDINGS AND CONCLUSIONS: Design Year 2031 Future Traffic Control and Lane 
Configurations Figures are provided for Alternative 1 on page D.    
 
Design Year 2031 Future Traffic Control and Lane Configurations Figures are provided for 
Alternative 2 on page E.  Note that for Option 2B, in addition to the traffic signal, an 
eastbound left turn lane is shown as an improvement; however, adding a westbound 
right turn lane or a southbound left turn lane instead of the eastbound left turn lane 
would also be expected to provide adequate operating conditions for the overall 
intersection during both the AM and PM peak hours in the design year 2031. 
 
Design Year 2031 Future Traffic Control and Lane Configurations Figures are provided for 
Alternative 3 on page F.  A preliminary design sketch for Alternative 3 is shown on 
page G. 
 
For Future No Build conditions in the opening year 2011, the side street approach of Bell 
Road is expected to operate inadequately during both the AM and PM peak hours.  For 
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Future No Build conditions in the design year 2031, the side street approach of Bell Road 
is expected to operate inadequately during both the AM and PM peak hours. 
 
The Levels of Service at the intersection of Bell Road and Boles Road were determined 
for Future Build conditions for the opening year 2011 and the design year 2031 under 
Alternatives 1, 2 and 3.  For Alternatives 1 and 2, the Georgia Department of 
Transportation (GDOT) would require separate left and right turn lanes southbound on 
Bell Road, a separate left turn lane eastbound on Boles Road, and a separate right turn 
lane westbound on Bell Road based on the daily vehicular volume requirements.  
Therefore, the Levels of Service were determined with the lanes needed to achieve 
adequate AM and PM peak hour operating conditions and the lanes that would be 
required by GDOT. 
 
For Alternative 1 Future Build conditions in the opening year 2011, if a separate 
southbound left turn lane were added on Bell Road (Option 1A), the southbound left 
turn movement on Bell Road would be expected to operate inadequately during both 
the AM and PM peak hours.  The southbound right turn movement would be expected 
to operate adequately during both the AM and PM peak hours.  No additional 
improvements, including the improvements shown under Option 1B, are expected to 
provide adequate operating conditions under unsignalized conditions. 
 
For Alternative 1 Future Build conditions in the design year 2031, if a separate 
southbound left turn lane were added on Bell Road (Option 1A), the southbound left 
turn movement on Bell Road would be expected to operate inadequately during both 
the AM and PM peak hours.  The southbound right turn movement would be expected 
to operate adequately during both the AM and PM peak hours.  No additional 
improvements, including the improvements shown under Option1B, are expected to 
provide adequate operating conditions under unsignalized conditions. 
 
For Alternative 2 Future Build conditions in the opening year 2011, a traffic signal 
(Option 2A) would be expected to provide adequate operating conditions for the 
overall intersection during both the AM and PM peak hours. 
 
For Alternative 2 Future Build conditions in the design year 2031, if the addition of a 
traffic signal were the only improvement made at the intersection (Option 2A), 
adequate operating conditions would be expected for the overall intersection during 
the AM peak hour, and inadequate operating conditions would be expected during 
the PM peak hour.  If, in addition to a traffic signal, a separate eastbound left turn lane 
on Boles Road or a separate westbound right turn lane on Bell Road or a separate 
southbound left turn lane on Bell Road were added (Option 2B – Lane Configuration 
Required for Capacity), adequate operating conditions would be expected for the 
overall intersection during both the AM and PM peak hours.  If, in addition to a traffic 
signal, a separate southbound left turn lane on Bell Road, a separate eastbound left 
turn lane on Boles Road, and a separate westbound right turn lane on Bell Road were 
added (Option 2C – GDOT Required Turn Lanes), adequate operating conditions would 
be expected for the overall intersection during both the AM and PM peak hours. 



 
C 

Heath & Lineback Engineers, Inc. 
Bell Road and Boles Road

 
For Alternative 2 Future Build conditions in the opening year 2011, Option 2A would be 
expected to provide adequate operating conditions for the overall intersection during 
both the AM and PM peak hours, but in the design year 2031, Option 2A would not be 
expected to provide adequate operating conditions for the overall intersection during 
both the AM and PM peak hours.  Analysis was performed to determine in what year 
between the opening year 2011 and the design year 2031 Option 2A would no longer 
provide adequate operating conditions for the overall intersection during both the AM 
and PM peak hours.  It was determined that in the year 2029, Option 2A would no 
longer provide adequate operating conditions for the overall intersection during both 
the AM and PM peak hours. 
 
For Alternative 3 Future Build conditions in the opening year 2011, a single-lane 
roundabout with a single approach lane on each approach is expected to operate 
adequately.   
 
For Alternative 3 Future Build conditions in the design year 2031, a single-lane 
roundabout with a single approach lane on each approach is expected to operate 
adequately. 
 
Based on information provided by Heath & Lineback Engineers, Inc., and the City of 
Johns Creek, a single-lane roundabout with a single approach lane on each approach 
(Alternative 3) is expected to have lower construction costs, lower maintenance costs, 
and lower right-of-way impacts than a traffic signal with turn lanes (Alternative 2). 
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Alternative 1 Design Year 2031 Future Traffic Control and Lane Configurations 
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Alternative 3 Design Year 2031 Future Traffic Control and Lane Configurations 
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1. INTRODUCTION 
 
Description of Proposed Project  
 
Improvements are proposed for the intersection of Bell Road and Boles Road in the City 
of Johns Creek, Georgia.  Three improvement “Alternatives” are being considered and 
are discussed below.  Opening year of the intersection improvement is anticipated in 
2011, and the design year of the project is 2031 (twenty years after opening).  The 
project location is shown in Figure 1.  
 
In addition to Future No Build conditions, three “Alternatives” were analyzed:   
 

 Alternative 1 – Alternative 1 would add lanes at the intersection, and the 
intersection would remain unsignalized. 

 
 Alternative 2 – Alternative 2 would add lanes and a traffic signal at the 

intersection. 
 

 Alternative 3 – Alternative 3 would add a roundabout at the intersection.   
  
Purpose of Report 
 
The purpose of this study is to provide an analysis of the projected traffic conditions with 
and without construction of the proposed Bell Road and Boles Road intersection 
improvement project in the opening year 2011 and the design year 2031.  Traffic 
volumes were developed without and with construction of the intersection 
improvements for a typical weekday when schools are in session.  Analysis was 
conducted during the weekday AM and PM peak hours.  Recommendations include 
intersection geometries and traffic controls, as well as lengths of proposed auxiliary 
turning lanes. 
 
This study included the following steps: 
 

 Inventory of the existing roadway network; 
 Collection of existing traffic data including traffic counts; 
 Identification of background growth which will contribute traffic to the roadway 

network; 
 Traffic volume development for Future No Build and Build conditions for weekday 

daily and AM and PM peak hour conditions for the years 2011 and 2031;   
 Operational analysis of the roadway network with and without the proposed 

intersection improvement for the opening year 2011 and the design year 2031, 
for the Future No Build conditions, as well as the Future Build conditions; 

 Turn lane requirements and lengths; and, 
 Report of results and conclusions. 
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Figure 1. Site Location 
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2. EXISTING CONDITIONS 
 
 
Adjacent Roadway Description 
 
A field review of the following roadways was conducted, and key factors that influence 
traffic flow and the capacity of the system were determined.  The major roadways in 
the study area are described below: 
 

 Bell Road is a two-lane undivided roadway with a 45 mph speed limit east of 
Boles Road and a 45 mph speed limit north of Boles Road.  It runs roughly north-
south from SR 120, where it aligns with Primrose Parkway, crossing SR 141, to Boles 
Road, where it turns east and then north, and runs to McGinnis Ferry Road, where 
it aligns with Old Atlanta Road.  Bell Road forms the north and east legs of the 
intersection of Bell Road and Boles Road.  The southbound approach of Bell 
Road is controlled by a stop sign.  The westbound approach of Bell Road is 
uncontrolled.  The adjacent land uses along Bell Road in the vicinity of Boles 
Road are primarily residential. 

 
 Boles Road is a two-lane undivided roadway with a 45 mph speed limit.  It runs 

roughly east-west from SR 120 to Bell Road, where it aligns with the eastern leg of 
Bell Road.  Boles Road forms the west leg of the intersection of Bell Road and 
Boles Road.  The eastbound approach of Boles Road is uncontrolled. The 
adjacent land uses along Boles Road in the vicinity of Bell Road are primarily 
residential. 

 
Figure 2 shows the existing lane configurations and traffic control at the intersection of 
Bell Road and Boles Road.  Figure 3 is an aerial of the existing conditions. 
 
 
Existing Volumes 
 
Weekday AM and PM peak hour turning movement counts were collected on 
Thursday, 11 October 2007, at the intersection of Bell Road and Boles Road. 
 
Weekday 24-hour directional volume counts were collected on Wednesday, 
10 October 2007, on the following roadway segments: 
 

 Bell Road east Boles Road; 
 Bell Road north of Boles Road; and 
 Boles Road west of Bell Road. 

 
Figures 4 and 5 show the existing daily and AM and PM peak hour volumes at the 
intersection of Bell Road and Boles Road.  The traffic count printouts are referenced as 
Appendix A. 
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Figure 2. Existing Traffic Control and Lane Configurations 
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Figure 4. Existing Daily Traffic Volumes 
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Figure 5. Existing AM and PM Peak Hour Traffic Volumes 
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The ratio of the existing volume on each leg of the intersection to the existing total 
volume at the intersection is shown in Table 1. 
 
 

Table 1.  Existing Volume Split 
 

Leg Daily AM Peak Hour PM Peak Hour 
North (Bell Rd) 20% 17% 27% 
East (Bell Rd) 36% 37% 35% 
West (Boles Rd) 44% 46% 38% 

 
 
Crash History 
 
The crash history for the Years 2005, 2006, and 2007 at the intersection of Bell Road and 
Boles Road was obtained from the University of Alabama’s Critical Analysis Reporting 
Environment 8 (CARE 8).  The crash data is provided in Table 2 and in Appendix B. 
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Table 2. Crash History 
 

Location 
Case 

Number 

First 
Harmful 
Event 

Crash 
Severity 

Event 
Location 

Lighting 
Conditions 

Road 
Condi-

tion Crash Date Time 

Direction 
of Travel 

1 

Direction 
of Travel 

2 Maneuver 1 Maneuver 2 

51650201 
11-Motor 
Vehicle in 

Motion 

Non-Fatal 
Injury 
Crash 

1-On 
Roadway 1-Daylight 1-Dry 4/11/2005 8:01 to 

9:00 AM 1-North 2-South 01-Turning 
Left 05-Straight 

52250148 
11-Motor 
Vehicle in 

Motion 

PDO 
Crash 

1-On 
Roadway 1-Daylight 1-Dry 5/2/2005 4:01 to 

5:00 PM 3-East 2-South 01-Turning 
Left 05-Straight 

53810187 
11-Motor 
Vehicle in 

Motion 

Non-Fatal 
Injury 
Crash 

1-On 
Roadway 1-Daylight 1-Dry 9/14/2005 5:01 to 

6:00 PM 3-East 3-East 05-Straight 04-Stopped 

54350309 
11-Motor 
Vehicle in 

Motion 

PDO 
Crash 

1-On 
Roadway 1-Daylight 1-Dry 7/31/2005 1:01 to 

2:00 PM 3-East 4-West 01-Turning 
Left 05-Straight 

61360070 
11-Motor 
Vehicle in 

Motion 

PDO 
Crash 

1-On 
Roadway 1-Daylight 1-Dry 3/24/2006 8:01 to 

9:00 AM 2-South 2-South 09-Passing 05-Straight 

63030326 
11-Motor 
Vehicle in 

Motion 

PDO 
Crash 

1-On 
Roadway 2-Dusk 1-Dry 7/21/2006 6:01 to 

7:00 PM 3-East 3-East 02-Turning 
Right 04-Stopped 

63030549 28-Curb PDO 
Crash 

2-On 
Shoulder 

5-Dark-Not 
Lighted 1-Dry 8/8/2006 5:01 to 

6:00 AM 3-East 
No 

second 
vehicle 

10-
Negotiating 

a Curve 

No second 
vehicle 

63860187 
11-Motor 
Vehicle in 

Motion 

PDO 
Crash 

3-Off 
Roadway 1-Daylight 1-Dry 10/10/2006 4:01 to 

5:00 PM 1-North 1-North 05-Straight 04-Stopped 

64480162 
11-Motor 
Vehicle in 

Motion 

Non-Fatal 
Injury 
Crash 

1-On 
Roadway 1-Daylight 1-Dry 10/23/2006 5:01 to 

6:00 PM 1-North 2-South 01-Turning 
Left 05-Straight 

65070496 
11-Motor 
Vehicle in 

Motion 

PDO 
Crash 

1-On 
Roadway 1-Daylight 2-Wet 11/30/2006 8:01 to 

9:00 AM 2-South 2-South 05-Straight 04-Stopped 

70820180 
11-Motor 
Vehicle in 

Motion 

PDO 
Crash 

1-On 
Roadway 1-Daylight 1-Dry 2/26/2007 7:01 to 

8:00 AM 3-East 2-South 01-Turning 
Left 05-Straight 

Intersection 
1: Fulton CR 
72 at Fulton 
CR 3266 - 
Milepost 

0.94 
 

73970191 
11-Motor 
Vehicle in 

Motion 

Non-Fatal 
Injury 
Crash 

1-On 
Roadway 1-Daylight 1-Dry 8/24/2007 

9:01 to 
10:00 
AM 

2-South 1-North 09-Passing 01-Turning 
Left 
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3. FUTURE TRAFFIC VOLUMES  
 
 
The Future traffic volumes for the opening year 2011 and the design year 2031 were 
developed for the intersection of Bell Road and Boles Road. 
 
Between the time this study is performed and the opening year 2011 and the design 
year 2031, the traffic volumes are expected to increase.  This is due to development 
which will take place both in the study area by the opening year 2011 and the design 
year 2031, as well as growth outside of it.  Growth of this nature can generally be 
determined by examining historic trends in the study area, and by applying those trends 
to the appropriate roadways. 
 
McGinnis Ferry Road is currently being widened to four-lane divided from Sargent Road 
to the Chattahoochee River.  The completion date is 2010.  When the McGinnis Ferry 
Road widening is complete, the City of Johns Creek staff expect some of the traffic 
currently using Bell Road and Boles Road to use McGinnis Ferry Road instead. 
 
Using historical Annual Average Daily Traffic (AADT) provided by the Georgia 
Department of Transportation (GDOT) at counting stations in the study area, a 2% per 
year growth rate was applied to the existing turning movement volumes for three years 
to develop the volumes expected at the intersection of Bell Road and Boles Road when 
the McGinnis Ferry Road widening is complete.  After consultation with City of Johns 
Creek staff, a 0.5% per year growth rate was applied to the 2010 turning movement 
volumes for one year to develop the opening year 2011 volumes to reflect that a lower 
growth rate is expected along Bell Road and Boles Road when the McGinnis Ferry Road 
widening is complete.  The 0.5% per year growth rate was applied to the opening year 
2011 volumes for twenty years to develop the design year 2031 volumes. 
 
Figures 6, 7 and 8 illustrate the Future opening year 2011 and design year 2031 daily 
traffic volumes, the opening year 2011 AM and PM peak hour traffic volumes, and the 
design year 2031 AM and PM peak hour traffic volumes. 
 
The ratio of the opening year 2011 volume on each leg of the intersection to the 
opening year 2011 total volume at the intersection is shown in Table 3. 
 
 

Table 3.  Opening Year 2011 Volume Split 
 

Leg Daily AM Peak Hour PM Peak Hour 
North (Bell Rd) 20% 17% 27% 
East (Bell Rd) 36% 37% 35% 
West (Boles Rd 44% 46% 38% 
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Figure 6. Opening Year 2011 and Design Year 2031 Daily Traffic Volumes  
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Figure 7. Opening Year 2011 AM and PM Peak Hour Traffic Volumes  
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Figure 8. Design Year 2031 AM and PM Peak Hour Traffic Volumes 
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The ratio of the design year 2031 volume on each leg of the intersection to the design 
year 2031 total volume at the intersection is shown in Table 4. 
 
 

Table 4.  Design Year 2031 Volume Split 
 

Leg Daily AM Peak Hour PM Peak Hour 
North (Bell Rd) 20% 17% 27% 
East (Bell Rd) 36% 37% 35% 
West (Boles Rd 44% 46% 38% 

 
 
Table 5 summarizes the anticipated average daily traffic volumes (ADT’s) for the existing 
conditions and the opening year 2011 and the design year 2031 conditions. 
  
 

Table 5.  Traffic Volume Summary 
 

ADT 
Condition Bell Rd n. of Boles Rd Bell Rd/Boles Rd 

Existing 2007 5,186 11,457 
Opening Year 2011 5,531 12,219 
Design Year 2031 6,112 13,501 

 
 
For the design year 2031, Table 6 summarizes the percentage of the ADT occurring 
during the design hour (K), the directional distribution of traffic during the peak hour (D), 
and percentage of trucks for roadway/pavement design purposes. 
 
 

Table 6.  Design Year 2031 Traffic Data Summary 
 

K 10% 
D 52% 

% Trucks – Design Hour 2.2% 
% Trucks – 24 Hour 5.9% (5.3% S.U./0.6% Comb.) 
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4. TRAFFIC ANALYSIS 
 
 
Using the methodologies described in the EXPLANATION OF LEVEL OF SERVICE Section, 
the Levels of Service (LOS) at the intersection of Bell Road and Boles Road were 
determined for the weekday AM peak hour and the weekday PM peak hour for Future 
No Build conditions for the opening year 2011 and the design year 2031, and for Future 
Build conditions for the opening year 2011 and the design year 2031 under 
Alternatives 1, 2 and 3.   
 
 
Capacity Analysis: Future No Build Conditions 
 
The Levels of Service at the intersection of Bell Road and Boles Road were determined 
for Future No Build conditions for the opening year 2011 and the design year 2031.  The 
results are shown in Tables 7 and 8.  The capacity analysis printouts are referenced as 
Appendix C. 
 
As can be seen from Table 7, for Future No Build conditions in the opening year 2011, 
the side street approach of Bell Road is expected to operate inadequately during both 
the AM and PM peak hours.   
 
As can be seen from Table 8, for Future No Build conditions in the design year 2031, the 
side street approach of Bell Road is expected to operate inadequately during both the 
AM and PM peak hours. 
 
 
Capacity Analysis: Future Build Conditions 
 
The Levels of Service at the intersection of Bell Road and Boles Road were determined 
for Future Build conditions for the opening year 2011 and the design year 2031 under 
Alternatives 1, 2 and 3.  The results are shown in Tables 9 through 14. 
 
As will be seen in the REQUIREMENTS FOR INSTALLATION OF DEDICATED TURN LANES 
section, for Alternatives 1 and 2, GDOT would require separate left and right turn lanes 
southbound on Bell Road, a separate left turn lane eastbound on Boles Road, and a 
separate right turn lane westbound on Bell Road.  Therefore, Tables 9 through 14 show 
the lanes needed to achieve adequate AM and PM peak hour operating conditions 
and the lanes that would be required by GDOT. 
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Table 7. Opening Year 2011 Future No Build Levels of Service 
 

Intersection AM  Peak Hour PM  Peak Hour 
Movement Overall Movement Overall 

# Name Control Movement LOS 
Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C 

SB L+R E 47.7 0.73 F 421.3 1.85 
1 Bell Rd & 

Boles Rd 

Side-
street 
STOP EB L+T A 5.6 0.22 

n/a n/a n/a 
A 3.1 0.12 

n/a n/a n/a 

 
 

Table 8. Design Year 2031 Future No Build Levels of Service 
 

Intersection AM  Peak Hour PM  Peak Hour 
Movement Overall Movement Overall 

# Name Control Movement LOS 
Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C 

SB L+R F 99.0 0.97 F 651.1 2.36 
1 Bell Rd & 

Boles Rd 

Side-
street 
STOP EB L+T A 6.2 0.26 

n/a n/a n/a 
A 3.3 0.14 

n/a n/a n/a 
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Table 9. Alternative 1 Opening Year 2011 Future Build Levels of Service 
 

Intersection AM  Peak Hour PM  Peak Hour 
Movement Overall Movement Overall 

# Name Control Movement LOS 
Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C 

SB L F 54.5 0.48 F 246.6 1.40 
SB R B 14.1 0.24 B 14.3 0.46 

Side-street 
STOP – 

Option 1A EB L+T A 5.6 0.22 
n/a n/a n/a 

A 3.1 0.12 
n/a n/a n/a 

SB L F 51.6 0.47 F 211.9 1.32 
SB R B 13.7 0.24 B 13.5 0.43 

1 Bell Rd & 
Boles Rd Side-street 

STOP – 
Option 1B EB L A 9.7 0.22 

n/a n/a n/a 
A 8.5 0.12 

n/a n/a n/a 

Option 1A – Lane configuration required for capacity. 
Option 1B – Lane configuration required for capacity plus GDOT required turning lane configuration based on daily volumes. 

 
 

Table 10. Alternative 1 Design Year 2031 Future Build Levels of Service 
 

Intersection AM  Peak Hour PM  Peak Hour 
Movement Overall Movement Overall 

# Name Control Movement LOS 
Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C 

SB L F 91.5 0.68 F 439.9 1.83 
SB R C 15.5 0.29 C 16.2 0.53 

Side-street 
STOP – 

Option 1A EB L+T A 6.2 0.26 
n/a n/a n/a 

A 3.3 0.14 
n/a n/a n/a 

SB L F 84.7 0.65 F 386.6 1.72 
SB R B 14.9 0.28 B 14.9 0.50 

1 Bell Rd & 
Boles Rd Side-street 

STOP – 
Option 1B EB L B 10.2 0.26 

n/a n/a n/a 
A 8.6 0.14 

n/a n/a n/a 

Option 1A – Lane configuration required for capacity. 
Option 1B – Lane configuration required for capacity plus GDOT required turning lane configuration based on daily volumes. 
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Table 11. Alternative 2 Opening Year 2011 Future Build Levels of Service 
 

Intersection AM  Peak Hour PM  Peak Hour 
Movement Overall Movement Overall 

# Name Control Movement LOS 
Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C 

SB L+R C 20.3 0.32 D 36.9 0.93 
EB L+T B 13.4 0.79 D 35.7 0.94 

Signal – 
Option 

2A WB T+R A 5.3 0.51 
B 10.7 0.69 

B 10.2 0.46 
C 30.0 0.93 

SB L B 11.2 0.17 A 9.6 0.50 
SB R B 10.8 0.09 A 8.2 0.22 
EB L A 9.0 0.61 A 8.0 0.34 
EB T A 5.1 0.32 B 10.2 0.62 
WB T A 6.8 0.58 A 8.2 0.41 

1 Bell Rd & 
Boles Rd Signal – 

Option 
2C 

WB R A 4.2 0.04 

A 7.3 0.47 

A 6.7 0.06 

A 8.9 0.56 

Option 2A – Existing lane configuration. 
Option 2C – With GDOT required turning lane configuration based on daily volumes.  
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 Table 12. Alternative 2 Design Year 2031 Future Build Levels of Service 
 

Intersection AM  Peak Hour PM  Peak Hour 
Movement Overall Movement Overall 

# Name Control Movement LOS 
Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C 

SB L+R C 30.4 0.52 F 83.9 1.09 
EB L+T C 21.8 0.88 E 63.9 1.05 

Signal – 
Option 

2A WB T+R A 5.2 0.52 
B 15.5 0.81 

A 9.8 0.48 
E 58.6 1.07 

SB L+R B 15.5 0.31 B 19.8 0.84 
EBL B 13.8 0.72 C 20.2 0.68 
EBT A 4.8 0.32 B 18.8 0.77 

Signal –
Option 

2B 
WB T+R A 7.2 0.63 

A 9.0 0.61 

B 14.7 0.65 

B 18.3 0.81 

SB L B 13.2 0.21 B 10.5 0.55 
SB R B 12.7 0.10 A 8.6 0.24 
EB L B 11.6 0.68 A 8.5 0.40 
EB T A 4.9 0.33 B 11.4 0.67 
WB T A 6.7 0.59 A 8.5 0.45 

1 Bell Rd & 
Boles Rd 

Signal –
Option 

2C 

WB R A 3.9 0.04 

A 7.9 0.54 

A 6.8 0.06 

A 9.6 0.61 

Option 2A – Existing lane configuration. 
Option 2B – Lane configuration required for capacity with eastbound left turn lane.  Instead of an eastbound left turn lane, adding a westbound 
right turn lane or a southbound left turn lane would also be expected to provide adequate operating conditions for the overall intersection 
during both the AM and PM peak hours. 
Option 2C – With GDOT required turning lane configuration based on daily volumes. 
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Table 13. Alternative 3 Opening Year 2011 Future Build Levels of Service 
 

Intersection AM  Peak Hour PM  Peak Hour 
Movement Overall Movement Overall 

# Name Control Movement LOS 
Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C 

SB L+R A 7.2 0.25 B 12.2 0.66 
EB L+T A 5.8 0.42 B 10.7 0.61 1 

Bell Rd & 

Boles Rd 

Single-
lane 

Round-
about WB T+R A 9.8 0.61 

A 7.9 0.44 
A 5.6 0.35 

B 10.1 0.53 

 
 

Table 14. Alternative 3 Design Year 2031 Future Build Levels of Service 
 

Intersection AM  Peak Hour PM  Peak Hour 
Movement Overall Movement Overall 

# Name Control Movement LOS 
Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C LOS 

Delay 
(sec) V/C 

SB L+R A 8.1 0.30 C 17.5 0.76 
EB L+T A 6.4 0.47 B 14.3 0.70 1 

Bell Rd & 

Boles Rd 

Single-
lane 

Round-
about WB T+R B 12.6 0.69 

A 9.6 0.51 
A 6.0 0.39 

B 13.6 0.60 
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As can be seen from Table 9, for Alternative 1 Future Build conditions in the opening 
year 2011, if a separate southbound left turn lane were added on Bell Road 
(Option 1A), the southbound left turn movement on Bell Road would be expected to 
operate inadequately during both the AM and PM peak hours.  The southbound right 
turn movement would be expected to operate adequately during both the AM and 
PM peak hours.  No additional improvements, including the improvements shown under 
Option 1B, are expected to provide adequate operating conditions under unsignalized 
conditions. 
 
As can be seen from Table 10, for Alternative 1 Future Build conditions in the design year 
2031, if a separate southbound left turn lane were added on Bell Road (Option 1A), the 
southbound left turn movement on Bell Road would be expected to operate 
inadequately during both the AM and PM peak hours.  The southbound right turn 
movement would be expected to operate adequately during both the AM and PM 
peak hours.  No additional improvements, including the improvements shown under 
Option 1B, are expected to provide adequate operating conditions under unsignalized 
conditions. 
 
As can be seen from Table 11, for Alternative 2 Future Build conditions in the opening 
year 2011, a traffic signal (Option 2A) would be expected to provide adequate 
operating conditions for the overall intersection during both the AM and PM peak hours. 
 
As can be seen from Table 12, for Alternative 2 Future Build conditions in the design 
year 2031, if the addition of a traffic signal were the only improvement made at the 
intersection (Option 2A), adequate operating conditions would be expected for the 
overall intersection during the AM peak hour, and inadequate operating conditions 
would be expected during the PM peak hour.   
 
In the opening year 2011, Option 2A would be expected to provide adequate 
operating conditions for the overall intersection during both the AM and PM peak hours, 
but in the design year 2031, Option 2A would not be expected to provide adequate 
operating conditions for the overall intersection during both the AM and PM peak hours.  
Analysis was performed to determine in what year between the opening year 2011 and 
the design year 2031 Option 2A would no longer provide adequate operating 
conditions for the overall intersection during both the AM and PM peak hours.  It was 
determined that in the year 2029, Option 2A would no longer provide adequate 
operating conditions for the overall intersection during both the AM and PM peak hours. 
 
If, in addition to a traffic signal, a separate eastbound left turn lane on Boles Road or a 
separate westbound right turn lane on Bell Road or a separate southbound left turn 
lane on Bell Road were added (Option 2B – Lane Configuration Required for Capacity), 
adequate operating conditions would be expected for the overall intersection during 
both the AM and PM peak hours.   
 
If, in addition to a traffic signal, a separate southbound left turn lane on Bell Road, a 
separate eastbound left turn lane on Boles Road, and a separate westbound right turn 
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lane on Bell Road were added (Option 2C – GDOT Required Turn Lanes), adequate 
operating conditions would be expected for the overall intersection during both the AM 
and PM peak hours.   
 
As can be seen from Table 13, for Alternative 3 Future Build conditions in the opening 
year 2011, a single-lane roundabout with a single approach lane on each approach is 
expected to operate adequately during both the AM and PM peak hours. 
 
As can be seen from Table 14, for Alternative 3 Future Build conditions in the design 
year 2031, a single-lane roundabout with a single approach lane on each approach is 
expected to operate adequately during both the AM and PM peak hours. 
 
 
Requirements for Installation of Dedicated Turn Lanes 
 
Turn lane requirements were calculated based upon the design year 2031 traffic 
volumes.   
 
The GDOT Design Policy Manual (Manual), Version 2.0, revised 1 June 2007, provides 
information regarding installation of dedicated left and right turn lanes.  The GDOT 
Regulations for Driveway and Encroachment Control (Regulations), 2004, revised 
6 October 2006, provides requirements for minimum required storage lengths.  The 
minimum storage length requirements are based on a combination of the posted 
speed limit, average daily traffic volumes (ADT) of the overall roadway, as well as either 
the left turn or right turn movement ADT, and the number of travel lanes.   
 
Alternative calculations for storage lengths are provided for both signalized and 
unsignalized intersections.  At unsignalized intersections, the calculated queue is based 
on the number of peak hour vehicles arriving during a two-minute period.  At signalized 
intersections, the calculated queue is based on the number of peak hour vehicles 
arriving during 1.5 cycle lengths.   
 
A summary of GDOT turn lane storage lengths, both minimum and calculated, as well 
as the recommended length to provide, is provided in Tables 15 and 16 for 
Alternatives 1 and 2, respectively.  Note that Options 1A, 2A, and 2B are not shown 
since they do not include the turn lanes that would be required by GDOT.   
 
The 95th percentile queue lengths expected at the intersection under Alternative 3 for a 
single-lane roundabout were calculated using the methodologies described in the 
EXPLANATION OF LEVEL OF SERVICE Section and are summarized in Table 17.  The 95th 
percentile length is the queue length that is expected to be exceeded 5% of the time.   
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Table 15. Alternative 1 Design Year 2031 Dedicated Turn Lane Requirements 
  

Intersection 

# Name Control Movement 
Turn Lane 
Required 

GDOT 
Minimum 
Storage 
Length 

Calculated 
Length 

Length to 
Provide 

SB L Yes 160 ft 275 ft 275 ft 
SB R Yes 100 ft 275 ft 275 ft 
EB L Yes 235 ft 175 ft 235 ft 

1 Bell Rd & 
Boles Rd 

Side-street 
STOP – 

Option 1B 
WB R Yes 175 ft 75 ft 175 ft 

 
 

Table 16. Alternative 2 Design Year 2031 Dedicated Turn Lane Requirements 
  

Intersection 

# Name Control Movement 
Turn Lane 
Required 

GDOT 
Minimum 
Storage 
Length 

Calculated 
Length 

Length to 
Provide 

SB L Yes 160 ft 150 ft 160 ft 
SB R Yes 100 ft 175 ft 175 ft 
EB L Yes 235 ft 150 ft 235 ft 

1 Bell Rd & 
Boles Rd 

Signal – 
Option 2C 

WB R Yes 175 ft 50 ft 175 ft 
 
 

Table 17. Alternative 3 Design Year 2031 95th Percentile Queue Lengths 
  

Intersection 
# Name Control Movement 

Calculated 
Length 

SB L+R 225 ft 
EB L+T 175 ft 1 Bell Rd & 

Boles Rd 
Single-lane 

Roundabout 
WB T+R 175 ft 
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5. CONCLUSIONS 
 
 
The purpose of this study is to provide an analysis of the projected traffic conditions with 
and without construction of the proposed Bell Road and Boles Road intersection 
improvement project in the opening year 2011 and the design year 2031.  Traffic 
volumes were developed without and with construction of the intersection 
improvements for a typical weekday when schools are in session.  Analysis was 
conducted during the weekday AM and PM peak hours.  Recommendations include 
intersection geometries and traffic controls, as well as lengths of proposed auxiliary 
turning lanes. 
 
For Future No Build conditions in the opening year 2011, the side street approach of Bell 
Road is expected to operate inadequately during both the AM and PM peak hours.  For 
Future No Build conditions in the design year 2031, the side street approach of Bell Road 
is expected to operate inadequately during both the AM and PM peak hours. 
 
In addition to Future No Build conditions, three “Alternatives” were analyzed: 
 

 Alternative 1 – Alternative 1 would add lanes at the intersection, and the 
intersection would remain unsignalized. 

 
 Alternative 2 – Alternative 2 would add lanes and a traffic signal at the 

intersection. 
 

 Alternative 3 – Alternative 3 would add a roundabout at the intersection.   
  
Figures of the recommended intersection traffic controls and lane configurations for 
each Alternative for the design year 2031 are provided in the Executive Summary. 
 
The Levels of Service at the intersection of Bell Road and Boles Road were determined 
for Future Build conditions for the opening year 2011 and the design year 2031 under 
Alternatives 1, 2 and 3.  For Alternatives 1 and 2, GDOT would require separate left and 
right turn lanes southbound on Bell Road, a separate left turn lane eastbound on Boles 
Road, and a separate right turn lane westbound on Bell Road.  Therefore, the Levels of 
Service were determined with the lanes needed to achieve adequate AM and PM 
peak hour operating conditions and the lanes that would be required by GDOT. 
 
For Alternative 1 Future Build conditions in the opening year 2011, if a separate 
southbound left turn lane were added on Bell Road (Option 1A), the southbound left 
turn movement on Bell Road would be expected to operate inadequately during both 
the AM and PM peak hours.  The southbound right turn movement would be expected 
to operate adequately during both the AM and PM peak hours.  No additional 
improvements, including the improvements shown under Option 1B, are expected to 
provide adequate operating conditions under unsignalized conditions. 
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For Alternative 1 Future Build conditions in the design year 2031, if a separate 
southbound left turn lane were added on Bell Road (Option 1A), the southbound left 
turn movement on Bell Road would be expected to operate inadequately during both 
the AM and PM peak hours.  The southbound right turn movement would be expected 
to operate adequately during both the AM and PM peak hours.  No additional 
improvements, including the improvements shown under Option 1B, are expected to 
provide adequate operating conditions under unsignalized conditions. 
 
For Alternative 2 Future Build conditions in the opening year 2011, a traffic signal 
(Option 2A) would be expected to provide adequate operating conditions for the 
overall intersection during both the AM and PM peak hours. 
 
For Alternative 2 Future Build conditions in the design year 2031, if the addition of a 
traffic signal were the only improvement made at the intersection (Option 2A), 
adequate operating conditions would be expected for the overall intersection during 
the AM peak hour, and inadequate operating conditions would be expected during 
the PM peak hour.  If, in addition to a traffic signal, a separate eastbound left turn lane 
on Boles Road or a separate westbound right turn lane on Bell Road or a separate 
southbound left turn lane on Bell Road were added (Option 2B – Lane Configuration 
Required for Capacity), adequate operating conditions would be expected for the 
overall intersection during both the AM and PM peak hours.  If, in addition to a traffic 
signal, a separate southbound left turn lane on Bell Road, a separate eastbound left 
turn lane on Boles Road, and a separate westbound right turn lane on Bell Road were 
added (Option 2C – GDOT Required Turn Lanes), adequate operating conditions would 
be expected for the overall intersection during both the AM and PM peak hours. 
 
For Alternative 2 Future Build conditions in the opening year 2011, Option 2A would be 
expected to provide adequate operating conditions for the overall intersection during 
both the AM and PM peak hours, but in the design year 2031, Option 2A would not be 
expected to provide adequate operating conditions for the overall intersection during 
both the AM and PM peak hours.  Analysis was performed to determine in what year 
between the opening year 2011 and the design year 2031 Option 2A would no longer 
provide adequate operating conditions for the overall intersection during both the AM 
and PM peak hours.  It was determined that in the year 2029, Option 2A would no 
longer provide adequate operating conditions for the overall intersection during both 
the AM and PM peak hours. 
 
For Alternative 3 Future Build conditions in the opening year 2011, a single-lane 
roundabout with a single approach lane on each approach is expected to operate 
adequately.   
 
For Alternative 3 Future Build conditions in the design year 2031, a single-lane 
roundabout with a single approach lane on each approach is expected to operate 
adequately. 
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Based on information provided by Heath & Lineback Engineers, Inc., and the City of 
Johns Creek, a single-lane roundabout with a single approach lane on each approach 
(Alternative 3) is expected to have lower construction costs, lower maintenance costs, 
and lower right-of-way impacts than a traffic signal with turn lanes (Alternative 2). 
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GLOSSARY OF TERMS 
 
Annual Average Daily Traffic (AADT): The total volume of traffic on a highway segment 
for one-year, divided by 365. 
Capacity: The maximum traffic flow designation for a segment of roadway or a lane, 
within the control conditions for that particular segment of roadway or lane, usually 
expressed in persons per hour or vehicles per hour. 
Congestion: Highway congestion results when traffic demand approaches or exceeds 
the available capacity of the transportation facility(ies). 
Delay: Average delay per vehicle, usually expressed in seconds. 
Impacts: The effects of a transportation project, including (a) direct (primary) effects; 
(b) indirection (secondary) effects; and (c) cumulative effects. 
Internal Capture:  Trips occurring within the subject site thereby reducing the number of 
new trips on the external roadway system. 
K-Factor: The percentage of daily traffic volume traveling during the peak hour or 
design hour.   
LOS (Level of Service): A qualitative assessment of a road’s operating conditions, 
expressed in terms of A through F – ‘A’ being the best LOS.   
Pass-by trips:  Some of the trips are by people who would have been on the road 
anyway on their way to/from someplace else who stop by and visit the commercial 
establishment.   
Peak Hour: The consecutive sixty minutes within a 24-hour period with the highest traffic 
volume.  A peak hour is generally designated for both A.M. and P.M. traffic conditions. 
Peak Hour Factor (PHF): The ratio of total traffic occurring during the peak hour to the 
peak 15-minute flow rate (4 times the maximum 15 minute volume) within the peak 
hour.   
Volume: The number of persons or vehicles passing a point on a lane, roadway or other 
trafficway during some time interval, often taken to be one hour, expressed in vehicles. 
Volume-to-Capacity ratio (v/c): The ratio of volume (v) to capacity (c) for a traffic 
facility. 
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EXPLANATION OF LEVEL OF SERVICE 
 

Capacity analyses of the study intersections were completed using procedures in the 
Transportation Research Board’s Highway Capacity Manual (HCM), 2003.  This is the 
usual methodology for the analysis of traffic conditions.  The software program 
Synchro 6 (a nationally recognized computer software package for analyzing 
capacities and Levels of Service) was used to perform the actual capacity analyses for 
the key intersections. 
 
Operating conditions at intersections are evaluated in terms of Levels of Service (LOS).  
LOS A through D are generally considered to be adequate peak hour operations.  LOS 
E and F are generally considered inadequate conditions.   
 
Levels of Service for signalized intersections are reported in composite fashion, i.e., one 
LOS for the entire intersection, and are based on average control delay.  Individual 
turning movements at a signalized intersection may experience inadequate LOS, 
particularly where those volumes are relatively low, while the intersection as a whole 
has an adequate LOS.  This is because the major movements on the major roadway are 
given priority in assigning signal green time.   
 
Traffic conditions at unsignalized intersections, with STOP sign control on the minor street 
only, are evaluated for the minor street approach(es) and for the left turns from the 
major street.  This is because the major street traffic is assumed to have no delay since 
there is no control (no STOP sign).  Inadequate Levels of Service for minor street 
approaches to unsignalized intersections are not uncommon, as the continuous flow 
traffic will always get the priority. 
 
The Highway Capacity Manual Level of Service criteria for signalized and unsignalized 
intersections are shown in the following table: 
 

Highway Capacity Manual Intersection Level of Service Criteria 
 

Control Delay (seconds per vehicle) LOS 
Signalized Intersection Unsignalized Intersection 

A ≤ 10 ≤ 10 
B >10 and ≤20 >10 and ≤15 
C >20 and ≤35 >15 and ≤25 
D >35 and ≤55 >25 and ≤35 
E >55 and ≤80 >35 and ≤50 
F > 80 > 50 

Source: Highway Capacity Manual 
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The effectiveness and operations analysis of a roundabout is measured differently than 
for a stop sign controlled intersection.  The analysis methodology for roundabouts 
utilized for this project was based on information provided in the NCHRP Report 572: 
Roundabouts in the United States, information presented at the Federal Highway 
Administration’s (FHWA’s) “Roundabouts Workshop – Planning and Designing 
Intersections for Safety”, and the FHWA’s year 2000 Roundabouts: An Informational 
Guide.  Specifically, capacity equations from the NCHRP Report 572 and delay and 
queue equations from the Roundabouts: An Informational Guide were referenced to 
develop the roundabout operational analysis.  The roundabout analysis methodology 
provides delays, volume-to-capacity (v/c) ratios, and queues for each approach to the 
roundabout dependent upon the geometric elements of the roundabout, the entry 
flow on each approach to the roundabout, and the circulating flow within the 
roundabout that conflicts with the entry flow from the subject approach.  Based on 
empirical data, FHWA identified at the “Roundabouts Workshop – Planning and 
Designing Intersections for Safety” that roundabout locations with approaches 
anticipated to operate at more than 85% of their estimated capacity should be 
considered for multilane entries.  Therefore, a single lane approach or the critical lane 
approach at a multilane entry with a v/c ratio of 0.85 or less is considered satisfactory 
(i.e., not needing additional lanes). 
 
Based on the approach delay from the roundabout methodology, a Level of Service 
(LOS) for each approach, as well as the overall intersection, is provided based on the 
unsignalized Level of Service criteria presented in the Transportation Research Board’s 
Highway Capacity Manual (HCM), 2003. 
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APPENDIX A: TRAFFIC COUNTS 



Reliable Traffic Data Services, LLC
Tel: (770) 578-5158 Fax: (770) 578-8159

email: reliabletraffic@msn.com
File Name : 23930004
Site Code : 23930004
Start Date : 10/11/2007
Page No : 1

TMC Data

Groups Printed- Cars, Trucks & Buses
        

Northbound
Bell Rd

Southbound
Boles Rd

Eastbound
Bell Rd

Westbound

Start Time Left Thru
Righ

t
App.
Total

Left Thru
Righ

t
App.
Total

Left Thru
Righ

t
App.
Total

Left Thru
Righ

t
App.
Total

Int.
Total

07:00 AM 0 0 0 0 7 0 17 24 35 43 0 78 0 122 7 129 231
07:15 AM 0 0 0 0 10 0 24 34 38 52 0 90 0 127 8 135 259
07:30 AM 0 0 0 0 14 0 31 45 42 56 0 98 0 128 11 139 282
07:45 AM 0 0 0 0 17 0 28 45 48 72 0 120 0 121 15 136 301

Total 0 0 0 0 48 0 100 148 163 223 0 386 0 498 41 539 1073

08:00 AM 0 0 0 0 13 0 22 35 51 64 0 115 0 116 12 128 278
08:15 AM 0 0 0 0 8 0 17 25 47 57 0 104 0 111 16 127 256
08:30 AM 0 0 0 0 7 0 16 23 38 51 0 89 0 108 13 121 233
08:45 AM 0 0 0 0 9 0 12 21 31 42 0 73 0 102 10 112 206

Total 0 0 0 0 37 0 67 104 167 214 0 381 0 437 51 488 973

*** BREAK ***

04:00 PM 0 0 0 0 55 0 61 116 26 83 0 109 0 53 12 65 290
04:15 PM 0 0 0 0 58 0 65 123 23 88 0 111 0 56 15 71 305
04:30 PM 0 0 0 0 64 0 68 132 27 96 0 123 0 61 18 79 334
04:45 PM 0 0 0 0 67 0 70 137 35 104 0 139 0 65 21 86 362

Total 0 0 0 0 244 0 264 508 111 371 0 482 0 235 66 301 1291

05:00 PM 0 0 0 0 72 0 74 146 32 87 0 119 0 72 19 91 356
05:15 PM 0 0 0 0 68 0 63 131 27 83 0 110 0 52 12 64 305
05:30 PM 0 0 0 0 59 0 67 126 33 75 0 108 0 49 10 59 293
05:45 PM 0 0 0 0 56 0 63 119 27 72 0 99 0 46 11 57 275

Total 0 0 0 0 255 0 267 522 119 317 0 436 0 219 52 271 1229

Grand
Total
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Page No : 2

TMC Data

        
Northbound

Bell Rd
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Eastbound

Bell Rd
Westbound

Start Time Left Thru
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t
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Total

Left Thru
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t
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t
App.
Total

Left Thru
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t
App.
Total
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Total

Peak Hour Analysis From 07:00 AM to 08:45 AM - Peak 1 of 1

Peak Hour for Entire Intersection Begins at 07:15 AM
07:15 AM 0 0 0 0 10 0 24 34 38 52 0 90 0 127 8 135 259
07:30 AM 0 0 0 0 14 0 31 45 42 56 0 98 0 128 11 139 282
07:45 AM 0 0 0 0 17 0 28 45 48 72 0 120 0 121 15 136 301
08:00 AM 0 0 0 0 13 0 22 35 51 64 0 115 0 116 12 128 278

Total
Volume

0 0 0 0 54 0 105 159 179 244 0 423 0 492 46 538 1120

% App.
Total
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TMC Data

        
Northbound

Bell Rd
Southbound

Boles Rd
Eastbound

Bell Rd
Westbound

Start Time Left Thru
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t
App.
Total

Left Thru
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t
App.
Total

Left Thru
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t
App.
Total

Left Thru
Righ

t
App.
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Int.
Total

Peak Hour Analysis From 04:00 PM to 05:45 PM - Peak 1 of 1

Peak Hour for Entire Intersection Begins at 04:15 PM
04:15 PM 0 0 0 0 58 0 65 123 23 88 0 111 0 56 15 71 305
04:30 PM 0 0 0 0 64 0 68 132 27 96 0 123 0 61 18 79 334
04:45 PM 0 0 0 0 67 0 70 137 35 104 0 139 0 65 21 86 362
05:00 PM 0 0 0 0 72 0 74 146 32 87 0 119 0 72 19 91 356

Total
Volume

0 0 0 0 261 0 277 538 117 375 0 492 0 254 73 327 1357

% App.
Total
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Site Code: 23930104

Station ID: 7132
Bell Rd Between McGinnis Ferry Rd

and Boles Rd
Latitude: 0' 0.000 Undefined

Page 1

Start 10-Oct-07 Northbound Hour Totals Southbound Hour Totals Combined Totals
Time Wed Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 8 70 12 71
12:15 4 57 5 68
12:30 1 86 3 69
12:45 3 69 16 282 5 75 25 283 41 565
01:00 4 65 1 78
01:15 0 85 1 68
01:30 3 79 2 51
01:45 4 70 11 299 0 55 4 252 15 551
02:00 0 79 1 64
02:15 2 97 0 75
02:30 1 78 0 59
02:45 1 58 4 312 0 66 1 264 5 576
03:00 2 97 1 63
03:15 2 107 0 62
03:30 1 123 1 51
03:45 3 124 8 451 2 55 4 231 12 682
04:00 2 115 1 52
04:15 0 112 1 67
04:30 3 104 5 62
04:45 1 123 6 454 6 58 13 239 19 693
05:00 2 125 6 53
05:15 6 117 8 59
05:30 4 111 21 56
05:45 7 107 19 460 20 53 55 221 74 681
06:00 15 111 43 55
06:15 22 105 81 48
06:30 28 98 103 51
06:45 37 93 102 407 118 53 345 207 447 614
07:00 46 86 111 57
07:15 54 81 119 47
07:30 61 74 121 44
07:45 65 40 226 281 120 39 471 187 697 468
08:00 69 47 114 41
08:15 65 62 117 39
08:30 61 51 123 40
08:45 58 44 253 204 118 29 472 149 725 353
09:00 54 44 107 24
09:15 64 40 116 29
09:30 71 32 120 32
09:45 64 16 253 132 113 25 456 110 709 242
10:00 45 20 92 19
10:15 43 24 87 15
10:30 55 31 71 12
10:45 72 14 215 89 56 15 306 61 521 150
11:00 46 18 48 11
11:15 58 18 61 8
11:30 78 9 63 6
11:45 71 7 253 52 46 4 218 29 471 81
Total  1366 3423   2370 2233   3736 5656

Percent  28.5% 71.5%   51.5% 48.5%   39.8% 60.2%
Grand
Total

 1366 3423   2370 2233   3736 5656

Percent  28.5% 71.5%   51.5% 48.5%   39.8% 60.2%
  

ADT Not Calculated  
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Site Code: 23930105

Station ID: 7655
Bell Rd North of Boles Rd

Latitude: 0' 0.000 Undefined

Page 1

Start 10-Oct-07 Northbound Hour Totals Southbound Hour Totals Combined Totals
Time Wed Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 3 29 4 22
12:15 2 26 1 29
12:30 2 29 3 32
12:45 1 23 8 107 0 30 8 113 16 220
01:00 1 31 0 50
01:15 0 29 0 32
01:30 0 22 0 36
01:45 0 17 1 99 1 27 1 145 2 244
02:00 1 15 1 37
02:15 0 18 1 44
02:30 0 27 0 37
02:45 0 22 1 82 0 42 2 160 3 242
03:00 0 33 0 54
03:15 0 27 1 75
03:30 0 35 0 75
03:45 0 37 0 132 0 85 1 289 1 421
04:00 1 39 0 97
04:15 0 38 0 124
04:30 1 45 2 138
04:45 1 47 3 169 1 144 3 503 6 672
05:00 0 45 1 136
05:15 2 48 1 145
05:30 4 43 5 131
05:45 5 39 11 175 4 124 11 536 22 711
06:00 11 35 6 118
06:15 20 32 14 107
06:30 37 22 21 88
06:45 42 23 110 112 26 73 67 386 177 498
07:00 46 43 32 69
07:15 49 22 38 46
07:30 54 25 34 26
07:45 61 21 210 111 37 34 141 175 351 286
08:00 64 18 32 23
08:15 57 16 22 16
08:30 52 19 26 25
08:45 48 14 221 67 31 12 111 76 332 143
09:00 41 11 29 11
09:15 46 13 23 15
09:30 44 10 21 14
09:45 38 7 169 41 28 12 101 52 270 93
10:00 34 9 23 13
10:15 25 8 25 11
10:30 22 5 17 9
10:45 24 6 105 28 24 8 89 41 194 69
11:00 22 4 21 7
11:15 21 3 23 7
11:30 22 3 20 4
11:45 25 2 90 12 27 2 91 20 181 32
Total  929 1135   626 2496   1555 3631

Percent  45.0% 55.0%   20.1% 79.9%   30.0% 70.0%
Grand
Total

 929 1135   626 2496   1555 3631

Percent  45.0% 55.0%   20.1% 79.9%   30.0% 70.0%
  

ADT Not Calculated  
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Site Code: 23930106

Station ID: SN:019474
Boles Rd West of Bell Rd

Latitude: 0' 0.000 Undefined

Page 1

Start 10-Oct-07 Eastbound Hour Totals Westbound Hour Totals Combined Totals
Time Wed Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon Morning Afternoon

12:00 9 58 6 87
12:15 6 85 7 89
12:30 4 82 3 92
12:45 7 68 26 293 2 84 18 352 44 645
01:00 5 57 2 62
01:15 3 78 0 72
01:30 5 66 0 68
01:45 3 73 16 274 2 77 4 279 20 553
02:00 1 64 0 67
02:15 1 53 0 84
02:30 2 69 0 92
02:45 1 62 5 248 0 111 0 354 5 602
03:00 1 89 0 70
03:15 0 99 2 85
03:30 3 122 3 89
03:45 3 119 7 429 0 116 5 360 12 789
04:00 1 131 2 116
04:15 1 127 1 133
04:30 2 118 1 136
04:45 2 123 6 499 6 107 10 492 16 991
05:00 2 125 10 128
05:15 4 117 10 138
05:30 3 108 21 104
05:45 9 96 18 446 26 101 67 471 85 917
06:00 10 88 40 109
06:15 27 83 65 122
06:30 49 93 105 107
06:45 94 94 180 358 139 116 349 454 529 812
07:00 78 108 131 99
07:15 86 98 152 82
07:30 97 76 154 81
07:45 109 62 370 344 158 49 595 311 965 655
08:00 121 62 154 59
08:15 104 67 111 50
08:30 93 75 102 48
08:45 75 60 393 264 143 41 510 198 903 462
09:00 62 44 110 29
09:15 66 61 114 33
09:30 67 46 115 21
09:45 79 35 274 186 132 20 471 103 745 289
10:00 63 34 88 21
10:15 47 34 86 24
10:30 58 45 94 16
10:45 57 23 225 136 85 22 353 83 578 219
11:00 47 29 73 14
11:15 51 17 78 12
11:30 59 13 77 11
11:45 52 15 209 74 94 8 322 45 531 119
Total  1729 3551   2704 3502   4433 7053

Percent  32.7% 67.3%   43.6% 56.4%   38.6% 61.4%
Grand
Total

 1729 3551   2704 3502   4433 7053

Percent  32.7% 67.3%   43.6% 56.4%   38.6% 61.4%
  

ADT Not Calculated  



 

Heath & Lineback Engineers, Inc. 
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HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\opening year am no build.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 191 260 525 49 57 112
Peak Hour Factor 0.88 0.88 0.97 0.97 0.88 0.88
Hourly flow rate (vph) 217 295 541 51 65 127
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 592 1296 566
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 592 1296 566
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 78 52 76
cM capacity (veh/h) 989 134 523

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 512 592 192
Volume Left 217 0 65
Volume Right 0 51 127
cSH 989 1700 265
Volume to Capacity 0.22 0.35 0.73
Queue Length 95th (ft) 21 0 127
Control Delay (s) 5.6 0.0 47.7
Lane LOS A E
Approach Delay (s) 5.6 0.0 47.7
Approach LOS E

Intersection Summary
Average Delay 9.3
Intersection Capacity Utilization 74.9% ICU Level of Service D
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\opening year pm no build.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 125 400 271 77 278 295
Peak Hour Factor 0.89 0.89 0.90 0.90 0.92 0.92
Hourly flow rate (vph) 140 449 301 86 302 321
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 387 1074 344
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 387 1074 344
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 88 0 54
cM capacity (veh/h) 1183 216 703

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 590 387 623
Volume Left 140 0 302
Volume Right 0 86 321
cSH 1183 1700 336
Volume to Capacity 0.12 0.23 1.85
Queue Length 95th (ft) 10 0 1036
Control Delay (s) 3.1 0.0 421.3
Lane LOS A F
Approach Delay (s) 3.1 0.0 421.3
Approach LOS F

Intersection Summary
Average Delay 165.2
Intersection Capacity Utilization 90.4% ICU Level of Service E
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year am no build.sy7
Street Smarts 1: Boles Rd & Bell Rd

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 211 287 580 54 63 124
Peak Hour Factor 0.88 0.88 0.97 0.97 0.88 0.88
Hourly flow rate (vph) 240 326 598 56 72 141
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 654 1431 626
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 654 1431 626
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 74 32 71
cM capacity (veh/h) 938 106 484

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 566 654 212
Volume Left 240 0 72
Volume Right 0 56 141
cSH 938 1700 220
Volume to Capacity 0.26 0.38 0.97
Queue Length 95th (ft) 25 0 212
Control Delay (s) 6.2 0.0 99.0
Lane LOS A F
Approach Delay (s) 6.2 0.0 99.0
Approach LOS F

Intersection Summary
Average Delay 17.1
Intersection Capacity Utilization 81.7% ICU Level of Service D
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year pm no build.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 138 442 299 85 307 326
Peak Hour Factor 0.89 0.89 0.90 0.90 0.92 0.92
Hourly flow rate (vph) 155 497 332 94 334 354
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 427 1186 379
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 427 1186 379
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 86 0 47
cM capacity (veh/h) 1143 182 672

Direction, Lane # EB 1 WB 1 SB 1
Volume Total 652 427 688
Volume Left 155 0 334
Volume Right 0 94 354
cSH 1143 1700 291
Volume to Capacity 0.14 0.25 2.36
Queue Length 95th (ft) 12 0 1359
Control Delay (s) 3.3 0.0 651.1
Lane LOS A F
Approach Delay (s) 3.3 0.0 651.1
Approach LOS F

Intersection Summary
Average Delay 254.8
Intersection Capacity Utilization 98.8% ICU Level of Service F
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\opening year am unsignalized.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 191 260 525 49 57 112
Peak Hour Factor 0.88 0.88 0.97 0.97 0.88 0.88
Hourly flow rate (vph) 217 295 541 51 65 127
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 592 1296 566
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 592 1296 566
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 78 52 76
cM capacity (veh/h) 989 134 523

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 512 592 65 127
Volume Left 217 0 65 0
Volume Right 0 51 0 127
cSH 989 1700 134 523
Volume to Capacity 0.22 0.35 0.48 0.24
Queue Length 95th (ft) 21 0 56 24
Control Delay (s) 5.6 0.0 54.5 14.1
Lane LOS A F B
Approach Delay (s) 5.6 0.0 27.7
Approach LOS D

Intersection Summary
Average Delay 6.3
Intersection Capacity Utilization 68.2% ICU Level of Service C
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\opening year pm unsignalized.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 125 400 271 77 278 295
Peak Hour Factor 0.89 0.89 0.90 0.90 0.92 0.92
Hourly flow rate (vph) 140 449 301 86 302 321
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 387 1074 344
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 387 1074 344
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 88 0 54
cM capacity (veh/h) 1183 216 703

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 590 387 302 321
Volume Left 140 0 302 0
Volume Right 0 86 0 321
cSH 1183 1700 216 703
Volume to Capacity 0.12 0.23 1.40 0.46
Queue Length 95th (ft) 10 0 432 60
Control Delay (s) 3.1 0.0 246.6 14.3
Lane LOS A F B
Approach Delay (s) 3.1 0.0 127.0
Approach LOS F

Intersection Summary
Average Delay 50.6
Intersection Capacity Utilization 72.3% ICU Level of Service C
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\opening year am unsignalized with GDOT turn la
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 191 260 525 49 57 112
Peak Hour Factor 0.88 0.88 0.97 0.97 0.88 0.88
Hourly flow rate (vph) 217 295 541 51 65 127
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 592 1271 541
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 592 1271 541
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 78 53 76
cM capacity (veh/h) 989 139 541

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1 SB 2
Volume Total 217 295 541 51 65 127
Volume Left 217 0 0 0 65 0
Volume Right 0 0 0 51 0 127
cSH 989 1700 1700 1700 139 541
Volume to Capacity 0.22 0.17 0.32 0.03 0.47 0.24
Queue Length 95th (ft) 21 0 0 0 53 23
Control Delay (s) 9.7 0.0 0.0 0.0 51.6 13.7
Lane LOS A F B
Approach Delay (s) 4.1 0.0 26.5
Approach LOS D

Intersection Summary
Average Delay 5.5
Intersection Capacity Utilization 51.5% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\opening year pm unsignalized with GDOT turn la
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 125 400 271 77 278 295
Peak Hour Factor 0.89 0.89 0.90 0.90 0.92 0.92
Hourly flow rate (vph) 140 449 301 86 302 321
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 387 1031 301
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 387 1031 301
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 88 0 57
cM capacity (veh/h) 1183 229 743

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1 SB 2
Volume Total 140 449 301 86 302 321
Volume Left 140 0 0 0 302 0
Volume Right 0 0 0 86 0 321
cSH 1183 1700 1700 1700 229 743
Volume to Capacity 0.12 0.26 0.18 0.05 1.32 0.43
Queue Length 95th (ft) 10 0 0 0 403 55
Control Delay (s) 8.5 0.0 0.0 0.0 211.9 13.5
Lane LOS A F B
Approach Delay (s) 2.0 0.0 109.8
Approach LOS F

Intersection Summary
Average Delay 43.5
Intersection Capacity Utilization 46.6% ICU Level of Service A
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year am unsignalized.sy7
Street Smarts 1: Boles Rd & Bell Rd

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 211 287 580 54 63 124
Peak Hour Factor 0.88 0.88 0.97 0.97 0.88 0.88
Hourly flow rate (vph) 240 326 598 56 72 141
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 654 1431 626
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 654 1431 626
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 74 32 71
cM capacity (veh/h) 938 106 484

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 566 654 72 141
Volume Left 240 0 72 0
Volume Right 0 56 0 141
cSH 938 1700 106 484
Volume to Capacity 0.26 0.38 0.68 0.29
Queue Length 95th (ft) 25 0 87 30
Control Delay (s) 6.2 0.0 91.5 15.5
Lane LOS A F C
Approach Delay (s) 6.2 0.0 41.1
Approach LOS E

Intersection Summary
Average Delay 8.5
Intersection Capacity Utilization 74.1% ICU Level of Service D
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year pm unsignalized.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 138 442 299 85 307 326
Peak Hour Factor 0.89 0.89 0.90 0.90 0.92 0.92
Hourly flow rate (vph) 155 497 332 94 334 354
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 427 1186 379
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 427 1186 379
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 86 0 47
cM capacity (veh/h) 1143 182 672

Direction, Lane # EB 1 WB 1 SB 1 SB 2
Volume Total 652 427 334 354
Volume Left 155 0 334 0
Volume Right 0 94 0 354
cSH 1143 1700 182 672
Volume to Capacity 0.14 0.25 1.83 0.53
Queue Length 95th (ft) 12 0 604 78
Control Delay (s) 3.3 0.0 439.9 16.2
Lane LOS A F C
Approach Delay (s) 3.3 0.0 221.7
Approach LOS F

Intersection Summary
Average Delay 87.6
Intersection Capacity Utilization 78.8% ICU Level of Service D
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year am unsignalized with GDOT turn lan
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 211 287 580 54 63 124
Peak Hour Factor 0.88 0.88 0.97 0.97 0.88 0.88
Hourly flow rate (vph) 240 326 598 56 72 141
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 654 1404 598
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 654 1404 598
tC, single (s) 4.1 6.5 6.2
tC, 2 stage (s)
tF (s) 2.2 3.6 3.3
p0 queue free % 74 35 72
cM capacity (veh/h) 938 110 502

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1 SB 2
Volume Total 240 326 598 56 72 141
Volume Left 240 0 0 0 72 0
Volume Right 0 0 0 56 0 141
cSH 938 1700 1700 1700 110 502
Volume to Capacity 0.26 0.19 0.35 0.03 0.65 0.28
Queue Length 95th (ft) 25 0 0 0 83 29
Control Delay (s) 10.2 0.0 0.0 0.0 84.7 14.9
Lane LOS B F B
Approach Delay (s) 4.3 0.0 38.4
Approach LOS E

Intersection Summary
Average Delay 7.4
Intersection Capacity Utilization 55.7% ICU Level of Service B
Analysis Period (min) 15



HCM Unsignalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year pm unsignalized with GDOT turn lan
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Sign Control Free Free Stop
Grade 0% 0% 0%
Volume (veh/h) 138 442 299 85 307 326
Peak Hour Factor 0.89 0.89 0.90 0.90 0.92 0.92
Hourly flow rate (vph) 155 497 332 94 334 354
Pedestrians
Lane Width (ft)
Walking Speed (ft/s)
Percent Blockage
Right turn flare (veh)
Median type None
Median storage veh)
Upstream signal (ft)
pX, platoon unblocked
vC, conflicting volume 427 1139 332
vC1, stage 1 conf vol
vC2, stage 2 conf vol
vCu, unblocked vol 427 1139 332
tC, single (s) 4.1 6.4 6.2
tC, 2 stage (s)
tF (s) 2.2 3.5 3.3
p0 queue free % 86 0 50
cM capacity (veh/h) 1143 194 714

Direction, Lane # EB 1 EB 2 WB 1 WB 2 SB 1 SB 2
Volume Total 155 497 332 94 334 354
Volume Left 155 0 0 0 334 0
Volume Right 0 0 0 94 0 354
cSH 1143 1700 1700 1700 194 714
Volume to Capacity 0.14 0.29 0.20 0.06 1.72 0.50
Queue Length 95th (ft) 12 0 0 0 573 70
Control Delay (s) 8.6 0.0 0.0 0.0 386.6 14.9
Lane LOS A F B
Approach Delay (s) 2.1 0.0 195.2
Approach LOS F

Intersection Summary
Average Delay 76.8
Intersection Capacity Utilization 50.4% ICU Level of Service A
Analysis Period (min) 15



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\opening year am signal.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 0.99 0.91
Flt Protected 0.98 1.00 0.98
Satd. Flow (prot) 1700 1728 1463
Flt Permitted 0.56 1.00 0.98
Satd. Flow (perm) 975 1728 1463
Volume (vph) 191 260 525 49 57 112
Peak-hour factor, PHF 0.88 0.88 0.97 0.97 0.88 0.88
Adj. Flow (vph) 217 295 541 51 65 127
RTOR Reduction (vph) 0 0 4 0 99 0
Lane Group Flow (vph) 0 512 588 0 93 0
Heavy Vehicles (%) 1% 3% 1% 6% 10% 2%
Turn Type Perm
Protected Phases 4 8 6
Permitted Phases 4
Actuated Green, G (s) 35.7 35.7 9.2
Effective Green, g (s) 37.7 37.7 11.2
Actuated g/C Ratio 0.66 0.66 0.20
Clearance Time (s) 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 646 1145 288
v/s Ratio Prot 0.34 c0.06
v/s Ratio Perm c0.53
v/c Ratio 0.79 0.51 0.32
Uniform Delay, d1 6.8 4.9 19.6
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 6.6 0.4 0.7
Delay (s) 13.4 5.3 20.3
Level of Service B A C
Approach Delay (s) 13.4 5.3 20.3
Approach LOS B A C

Intersection Summary
HCM Average Control Delay 10.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.69
Actuated Cycle Length (s) 56.9 Sum of lost time (s) 8.0
Intersection Capacity Utilization 74.9% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\opening year pm signal.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 0.97 0.93
Flt Protected 0.99 1.00 0.98
Satd. Flow (prot) 1753 1720 1553
Flt Permitted 0.75 1.00 0.98
Satd. Flow (perm) 1335 1720 1553
Volume (vph) 125 400 271 77 278 295
Peak-hour factor, PHF 0.89 0.89 0.90 0.90 0.92 0.92
Adj. Flow (vph) 140 449 301 86 302 321
RTOR Reduction (vph) 0 0 19 0 70 0
Lane Group Flow (vph) 0 589 368 0 553 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0%
Turn Type Perm
Protected Phases 4 8 6
Permitted Phases 4
Actuated Green, G (s) 23.7 23.7 19.0
Effective Green, g (s) 25.7 25.7 21.0
Actuated g/C Ratio 0.47 0.47 0.38
Clearance Time (s) 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 627 808 596
v/s Ratio Prot 0.21 c0.36
v/s Ratio Perm c0.44
v/c Ratio 0.94 0.46 0.93
Uniform Delay, d1 13.8 9.8 16.1
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 21.9 0.4 20.8
Delay (s) 35.7 10.2 36.9
Level of Service D B D
Approach Delay (s) 35.7 10.2 36.9
Approach LOS D B D

Intersection Summary
HCM Average Control Delay 30.0 HCM Level of Service C
HCM Volume to Capacity ratio 0.93
Actuated Cycle Length (s) 54.7 Sum of lost time (s) 8.0
Intersection Capacity Utilization 90.4% ICU Level of Service E
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\opening year am signal with GDOT turn lanes.sy
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.85 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1668 1722 1756 1422 1477 1425
Flt Permitted 0.38 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 669 1722 1756 1422 1477 1425
Volume (vph) 191 260 525 49 57 112
Peak-hour factor, PHF 0.88 0.88 0.97 0.97 0.88 0.88
Adj. Flow (vph) 217 295 541 51 65 127
RTOR Reduction (vph) 0 0 0 24 0 95
Lane Group Flow (vph) 217 295 541 27 65 32
Heavy Vehicles (%) 1% 3% 1% 6% 10% 2%
Turn Type Perm Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 8 6
Actuated Green, G (s) 18.0 18.0 18.0 18.0 7.5 7.5
Effective Green, g (s) 20.0 20.0 20.0 20.0 9.5 9.5
Actuated g/C Ratio 0.53 0.53 0.53 0.53 0.25 0.25
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 357 918 937 758 374 361
v/s Ratio Prot 0.17 0.31 c0.04
v/s Ratio Perm c0.32 0.02 0.02
v/c Ratio 0.61 0.32 0.58 0.04 0.17 0.09
Uniform Delay, d1 6.0 4.9 5.9 4.2 10.9 10.7
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 2.9 0.2 0.9 0.0 0.2 0.1
Delay (s) 9.0 5.1 6.8 4.2 11.2 10.8
Level of Service A A A A B B
Approach Delay (s) 6.8 6.5 10.9
Approach LOS A A B

Intersection Summary
HCM Average Control Delay 7.3 HCM Level of Service A
HCM Volume to Capacity ratio 0.47
Actuated Cycle Length (s) 37.5 Sum of lost time (s) 8.0
Intersection Capacity Utilization 51.5% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\opening year pm signal with GDOT turn lanes.sy
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.85 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1685 1773 1773 1507 1624 1454
Flt Permitted 0.56 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 995 1773 1773 1507 1624 1454
Volume (vph) 125 400 271 77 278 295
Peak-hour factor, PHF 0.89 0.89 0.90 0.90 0.92 0.92
Adj. Flow (vph) 140 449 301 86 302 321
RTOR Reduction (vph) 0 0 0 51 0 201
Lane Group Flow (vph) 140 449 301 35 302 120
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 8 6
Actuated Green, G (s) 13.4 13.4 13.4 13.4 12.0 12.0
Effective Green, g (s) 15.4 15.4 15.4 15.4 14.0 14.0
Actuated g/C Ratio 0.41 0.41 0.41 0.41 0.37 0.37
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 410 730 730 621 608 544
v/s Ratio Prot c0.25 0.17 c0.19
v/s Ratio Perm 0.14 0.02 0.08
v/c Ratio 0.34 0.62 0.41 0.06 0.50 0.22
Uniform Delay, d1 7.5 8.7 7.8 6.6 9.0 8.0
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.5 1.5 0.4 0.0 0.6 0.2
Delay (s) 8.0 10.2 8.2 6.7 9.6 8.2
Level of Service A B A A A A
Approach Delay (s) 9.7 7.8 8.9
Approach LOS A A A

Intersection Summary
HCM Average Control Delay 8.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.56
Actuated Cycle Length (s) 37.4 Sum of lost time (s) 8.0
Intersection Capacity Utilization 46.6% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year am signal.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 0.99 0.91
Flt Protected 0.98 1.00 0.98
Satd. Flow (prot) 1700 1728 1463
Flt Permitted 0.51 1.00 0.98
Satd. Flow (perm) 890 1728 1463
Volume (vph) 211 287 580 54 63 124
Peak-hour factor, PHF 0.88 0.88 0.97 0.97 0.88 0.88
Adj. Flow (vph) 240 326 598 56 72 141
RTOR Reduction (vph) 0 0 4 0 81 0
Lane Group Flow (vph) 0 566 650 0 132 0
Heavy Vehicles (%) 1% 3% 1% 6% 10% 2%
Turn Type Perm
Protected Phases 4 8 6
Permitted Phases 4
Actuated Green, G (s) 53.2 53.2 11.4
Effective Green, g (s) 55.2 55.2 13.4
Actuated g/C Ratio 0.72 0.72 0.17
Clearance Time (s) 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 641 1245 256
v/s Ratio Prot 0.38 c0.09
v/s Ratio Perm c0.64
v/c Ratio 0.88 0.52 0.52
Uniform Delay, d1 8.2 4.8 28.7
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 13.6 0.4 1.8
Delay (s) 21.8 5.2 30.4
Level of Service C A C
Approach Delay (s) 21.8 5.2 30.4
Approach LOS C A C

Intersection Summary
HCM Average Control Delay 15.5 HCM Level of Service B
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 76.6 Sum of lost time (s) 8.0
Intersection Capacity Utilization 81.7% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year pm signal.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00
Frt 1.00 0.97 0.93
Flt Protected 0.99 1.00 0.98
Satd. Flow (prot) 1753 1721 1554
Flt Permitted 0.71 1.00 0.98
Satd. Flow (perm) 1266 1721 1554
Volume (vph) 138 442 299 85 307 326
Peak-hour factor, PHF 0.89 0.89 0.90 0.90 0.92 0.92
Adj. Flow (vph) 155 497 332 94 334 354
RTOR Reduction (vph) 0 0 18 0 69 0
Lane Group Flow (vph) 0 652 408 0 619 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0%
Turn Type Perm
Protected Phases 4 8 6
Permitted Phases 4
Actuated Green, G (s) 25.0 25.0 18.0
Effective Green, g (s) 27.0 27.0 20.0
Actuated g/C Ratio 0.49 0.49 0.36
Clearance Time (s) 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0
Lane Grp Cap (vph) 621 845 565
v/s Ratio Prot 0.24 c0.40
v/s Ratio Perm c0.52
v/c Ratio 1.05 0.48 1.09
Uniform Delay, d1 14.0 9.3 17.5
Progression Factor 1.00 1.00 1.00
Incremental Delay, d2 49.9 0.4 66.4
Delay (s) 63.9 9.8 83.9
Level of Service E A F
Approach Delay (s) 63.9 9.8 83.9
Approach LOS E A F

Intersection Summary
HCM Average Control Delay 58.6 HCM Level of Service E
HCM Volume to Capacity ratio 1.07
Actuated Cycle Length (s) 55.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 98.8% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year am signal with EBL.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.99 0.91
Flt Protected 0.95 1.00 1.00 0.98
Satd. Flow (prot) 1668 1722 1728 1463
Flt Permitted 0.32 1.00 1.00 0.98
Satd. Flow (perm) 557 1722 1728 1463
Volume (vph) 211 287 580 54 63 124
Peak-hour factor, PHF 0.88 0.88 0.97 0.97 0.88 0.88
Adj. Flow (vph) 240 326 598 56 72 141
RTOR Reduction (vph) 0 0 5 0 109 0
Lane Group Flow (vph) 240 326 649 0 104 0
Heavy Vehicles (%) 1% 3% 1% 6% 10% 2%
Turn Type Perm
Protected Phases 4 8 6
Permitted Phases 4
Actuated Green, G (s) 26.1 26.1 26.1 8.7
Effective Green, g (s) 28.1 28.1 28.1 10.7
Actuated g/C Ratio 0.60 0.60 0.60 0.23
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 334 1034 1038 334
v/s Ratio Prot 0.19 0.38 c0.07
v/s Ratio Perm c0.43
v/c Ratio 0.72 0.32 0.63 0.31
Uniform Delay, d1 6.6 4.6 6.0 15.0
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 7.2 0.2 1.2 0.5
Delay (s) 13.8 4.8 7.2 15.5
Level of Service B A A B
Approach Delay (s) 8.6 7.2 15.5
Approach LOS A A B

Intersection Summary
HCM Average Control Delay 9.0 HCM Level of Service A
HCM Volume to Capacity ratio 0.61
Actuated Cycle Length (s) 46.8 Sum of lost time (s) 8.0
Intersection Capacity Utilization 66.6% ICU Level of Service C
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year pm signal with EBL.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.97 0.93
Flt Protected 0.95 1.00 1.00 0.98
Satd. Flow (prot) 1685 1773 1721 1554
Flt Permitted 0.36 1.00 1.00 0.98
Satd. Flow (perm) 632 1773 1721 1554
Volume (vph) 138 442 299 85 307 326
Peak-hour factor, PHF 0.89 0.89 0.90 0.90 0.92 0.92
Adj. Flow (vph) 155 497 332 94 334 354
RTOR Reduction (vph) 0 0 20 0 79 0
Lane Group Flow (vph) 155 497 406 0 609 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0%
Turn Type Perm
Protected Phases 4 8 6
Permitted Phases 4
Actuated Green, G (s) 14.8 14.8 14.8 19.5
Effective Green, g (s) 16.8 16.8 16.8 21.5
Actuated g/C Ratio 0.36 0.36 0.36 0.46
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 229 643 624 722
v/s Ratio Prot c0.28 0.24 c0.39
v/s Ratio Perm 0.25
v/c Ratio 0.68 0.77 0.65 0.84
Uniform Delay, d1 12.5 13.1 12.3 10.9
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 7.7 5.8 2.4 8.9
Delay (s) 20.2 18.8 14.7 19.8
Level of Service C B B B
Approach Delay (s) 19.1 14.7 19.8
Approach LOS B B B

Intersection Summary
HCM Average Control Delay 18.3 HCM Level of Service B
HCM Volume to Capacity ratio 0.81
Actuated Cycle Length (s) 46.3 Sum of lost time (s) 8.0
Intersection Capacity Utilization 75.6% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year am signal with SBL.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.99 1.00 0.85
Flt Protected 0.98 1.00 0.95 1.00
Satd. Flow (prot) 1700 1728 1477 1425
Flt Permitted 0.53 1.00 0.95 1.00
Satd. Flow (perm) 918 1728 1477 1425
Volume (vph) 211 287 580 54 63 124
Peak-hour factor, PHF 0.88 0.88 0.97 0.97 0.88 0.88
Adj. Flow (vph) 240 326 598 56 72 141
RTOR Reduction (vph) 0 0 3 0 0 119
Lane Group Flow (vph) 0 566 651 0 72 22
Heavy Vehicles (%) 1% 3% 1% 6% 10% 2%
Turn Type Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 6
Actuated Green, G (s) 52.6 52.6 9.3 9.3
Effective Green, g (s) 54.6 54.6 11.3 11.3
Actuated g/C Ratio 0.74 0.74 0.15 0.15
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 678 1277 226 218
v/s Ratio Prot 0.38 c0.05
v/s Ratio Perm c0.62 0.02
v/c Ratio 0.83 0.51 0.32 0.10
Uniform Delay, d1 6.6 4.0 27.9 26.9
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 8.7 0.3 0.8 0.2
Delay (s) 15.3 4.4 28.7 27.1
Level of Service B A C C
Approach Delay (s) 15.3 4.4 27.7
Approach LOS B A C

Intersection Summary
HCM Average Control Delay 12.2 HCM Level of Service B
HCM Volume to Capacity ratio 0.75
Actuated Cycle Length (s) 73.9 Sum of lost time (s) 8.0
Intersection Capacity Utilization 74.1% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year pm signal with SBL.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 0.97 1.00 0.85
Flt Protected 0.99 1.00 0.95 1.00
Satd. Flow (prot) 1753 1721 1624 1454
Flt Permitted 0.78 1.00 0.95 1.00
Satd. Flow (perm) 1382 1721 1624 1454
Volume (vph) 138 442 299 85 307 326
Peak-hour factor, PHF 0.89 0.89 0.90 0.90 0.92 0.92
Adj. Flow (vph) 155 497 332 94 334 354
RTOR Reduction (vph) 0 0 18 0 0 249
Lane Group Flow (vph) 0 652 408 0 334 105
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0%
Turn Type Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 6
Actuated Green, G (s) 27.1 27.1 13.7 13.7
Effective Green, g (s) 29.1 29.1 15.7 15.7
Actuated g/C Ratio 0.55 0.55 0.30 0.30
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 762 949 483 432
v/s Ratio Prot 0.24 c0.21
v/s Ratio Perm c0.47 0.07
v/c Ratio 0.86 0.43 0.69 0.24
Uniform Delay, d1 10.1 7.0 16.4 14.1
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 9.3 0.3 4.2 0.3
Delay (s) 19.4 7.3 20.7 14.3
Level of Service B A C B
Approach Delay (s) 19.4 7.3 17.4
Approach LOS B A B

Intersection Summary
HCM Average Control Delay 15.7 HCM Level of Service B
HCM Volume to Capacity ratio 0.80
Actuated Cycle Length (s) 52.8 Sum of lost time (s) 8.0
Intersection Capacity Utilization 78.8% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year am signal with WBR.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 0.91
Flt Protected 0.98 1.00 1.00 0.98
Satd. Flow (prot) 1700 1756 1422 1463
Flt Permitted 0.54 1.00 1.00 0.98
Satd. Flow (perm) 940 1756 1422 1463
Volume (vph) 211 287 580 54 63 124
Peak-hour factor, PHF 0.88 0.88 0.97 0.97 0.88 0.88
Adj. Flow (vph) 240 326 598 56 72 141
RTOR Reduction (vph) 0 0 0 17 79 0
Lane Group Flow (vph) 0 566 598 39 134 0
Heavy Vehicles (%) 1% 3% 1% 6% 10% 2%
Turn Type Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 8
Actuated Green, G (s) 45.8 45.8 45.8 11.1
Effective Green, g (s) 47.8 47.8 47.8 13.1
Actuated g/C Ratio 0.69 0.69 0.69 0.19
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 652 1218 987 278
v/s Ratio Prot 0.34 c0.09
v/s Ratio Perm c0.60 0.03
v/c Ratio 0.87 0.49 0.04 0.48
Uniform Delay, d1 8.1 4.9 3.3 24.9
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 11.8 0.3 0.0 1.3
Delay (s) 19.9 5.2 3.3 26.2
Level of Service B A A C
Approach Delay (s) 19.9 5.1 26.2
Approach LOS B A C

Intersection Summary
HCM Average Control Delay 14.1 HCM Level of Service B
HCM Volume to Capacity ratio 0.78
Actuated Cycle Length (s) 68.9 Sum of lost time (s) 8.0
Intersection Capacity Utilization 78.4% ICU Level of Service D
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year pm signal with WBR.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00
Frt 1.00 1.00 0.85 0.93
Flt Protected 0.99 1.00 1.00 0.98
Satd. Flow (prot) 1753 1773 1507 1554
Flt Permitted 0.77 1.00 1.00 0.98
Satd. Flow (perm) 1368 1773 1507 1554
Volume (vph) 138 442 299 85 307 326
Peak-hour factor, PHF 0.89 0.89 0.90 0.90 0.92 0.92
Adj. Flow (vph) 155 497 332 94 334 354
RTOR Reduction (vph) 0 0 0 49 59 0
Lane Group Flow (vph) 0 652 332 45 629 0
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0%
Turn Type Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 8
Actuated Green, G (s) 29.0 29.0 29.0 24.0
Effective Green, g (s) 31.0 31.0 31.0 26.0
Actuated g/C Ratio 0.48 0.48 0.48 0.40
Clearance Time (s) 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 652 846 719 622
v/s Ratio Prot 0.19 c0.41
v/s Ratio Perm c0.48 0.03
v/c Ratio 1.00 0.39 0.06 1.01
Uniform Delay, d1 17.0 10.9 9.2 19.5
Progression Factor 1.00 1.00 1.00 1.00
Incremental Delay, d2 35.2 0.3 0.0 39.0
Delay (s) 52.2 11.2 9.2 58.5
Level of Service D B A E
Approach Delay (s) 52.2 10.8 58.5
Approach LOS D B E

Intersection Summary
HCM Average Control Delay 44.7 HCM Level of Service D
HCM Volume to Capacity ratio 1.01
Actuated Cycle Length (s) 65.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 93.6% ICU Level of Service F
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year am signal with GDOT turn lanes.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.85 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1668 1722 1756 1422 1477 1425
Flt Permitted 0.35 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 613 1722 1756 1422 1477 1425
Volume (vph) 211 287 580 54 63 124
Peak-hour factor, PHF 0.88 0.88 0.97 0.97 0.88 0.88
Adj. Flow (vph) 240 326 598 56 72 141
RTOR Reduction (vph) 0 0 0 24 0 108
Lane Group Flow (vph) 240 326 598 32 72 33
Heavy Vehicles (%) 1% 3% 1% 6% 10% 2%
Turn Type Perm Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 8 6
Actuated Green, G (s) 22.1 22.1 22.1 22.1 7.9 7.9
Effective Green, g (s) 24.1 24.1 24.1 24.1 9.9 9.9
Actuated g/C Ratio 0.57 0.57 0.57 0.57 0.24 0.24
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 352 988 1008 816 348 336
v/s Ratio Prot 0.19 0.34 c0.05
v/s Ratio Perm c0.39 0.02 0.02
v/c Ratio 0.68 0.33 0.59 0.04 0.21 0.10
Uniform Delay, d1 6.3 4.7 5.8 3.9 12.9 12.6
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 5.4 0.2 0.9 0.0 0.3 0.1
Delay (s) 11.6 4.9 6.7 3.9 13.2 12.7
Level of Service B A A A B B
Approach Delay (s) 7.8 6.5 12.9
Approach LOS A A B

Intersection Summary
HCM Average Control Delay 7.9 HCM Level of Service A
HCM Volume to Capacity ratio 0.54
Actuated Cycle Length (s) 42.0 Sum of lost time (s) 8.0
Intersection Capacity Utilization 55.7% ICU Level of Service B
Analysis Period (min) 15
c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Synchro 6 Report
1: Boles Rd & Bell Rd 8/29/2008

J:\700\721-20 - Bell Rd & Boles Rd\Analyses\Synchro for August 2008 report\design year pm signal with GDOT turn lanes.sy7
1: Boles Rd & Bell Rd

Street Smarts

Movement EBL EBT WBT WBR SBL SBR
Lane Configurations
Ideal Flow (vphpl) 1900 1900 1900 1900 1900 1900
Lane Width 10 10 10 10 9 9
Total Lost time (s) 4.0 4.0 4.0 4.0 4.0 4.0
Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00
Frt 1.00 1.00 1.00 0.85 1.00 0.85
Flt Protected 0.95 1.00 1.00 1.00 0.95 1.00
Satd. Flow (prot) 1685 1773 1773 1507 1624 1454
Flt Permitted 0.52 1.00 1.00 1.00 0.95 1.00
Satd. Flow (perm) 927 1773 1773 1507 1624 1454
Volume (vph) 138 442 299 85 307 326
Peak-hour factor, PHF 0.89 0.89 0.90 0.90 0.92 0.92
Adj. Flow (vph) 155 497 332 94 334 354
RTOR Reduction (vph) 0 0 0 55 0 221
Lane Group Flow (vph) 155 497 332 39 334 133
Heavy Vehicles (%) 0% 0% 0% 0% 0% 0%
Turn Type Perm Perm Perm
Protected Phases 4 8 6
Permitted Phases 4 8 6
Actuated Green, G (s) 14.2 14.2 14.2 14.2 12.5 12.5
Effective Green, g (s) 16.2 16.2 16.2 16.2 14.5 14.5
Actuated g/C Ratio 0.42 0.42 0.42 0.42 0.37 0.37
Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0
Vehicle Extension (s) 3.0 3.0 3.0 3.0 3.0 3.0
Lane Grp Cap (vph) 388 742 742 631 608 545
v/s Ratio Prot c0.28 0.19 c0.21
v/s Ratio Perm 0.17 0.03 0.09
v/c Ratio 0.40 0.67 0.45 0.06 0.55 0.24
Uniform Delay, d1 7.9 9.1 8.0 6.7 9.5 8.3
Progression Factor 1.00 1.00 1.00 1.00 1.00 1.00
Incremental Delay, d2 0.7 2.3 0.4 0.0 1.0 0.2
Delay (s) 8.5 11.4 8.5 6.8 10.5 8.6
Level of Service A B A A B A
Approach Delay (s) 10.7 8.1 9.5
Approach LOS B A A

Intersection Summary
HCM Average Control Delay 9.6 HCM Level of Service A
HCM Volume to Capacity ratio 0.61
Actuated Cycle Length (s) 38.7 Sum of lost time (s) 8.0
Intersection Capacity Utilization 50.4% ICU Level of Service A
Analysis Period (min) 15
c    Critical Lane Group



Opening Year 2011 Volume:

L T R L T R L T R L T R
AM 57 112 191 260 525 49
PM 278 295 125 400 271 77

Circulating Volumes

AM
PM

Entering Flow

AM
PM
Approach Capacity

AM
PM
V/c ratio

ALL
AM 0.44
PM 0.53

AVG
AM 7.9
PM 10.1

AM
PM

ALL
AM A
PM B

Boles Rd Bell Rd

VEB, Ent Flow VWB, Ent Flow

For Single Lane Approaches:

VNB, Ent Flow

VEB, circ VWB, circ

525

NB SB EB WB 

271 278 125

Bell Rd

57 191
VNB, circ VSB, circ

VSB, Ent Flow

574
0 525 348
0 169 451

573

668 1067 934
cNB cSB cEB cWB

1.Bell Rd & Boles Rd

V/cNB V/cSB V/cWB

862 856 997

0.610.42
0.66 0.61

V/cEB

0.35
0.25

7.2 5.8 9.8

Control Delay
dNB dSB dEB dWB 

95% Queue Length in Vehicles
QNB QSB QEB QWB 

12.2 10.7 5.6

6 5 2
1 3 5

A A A

Level of Service
NB SB EB WB

B B A



Design Year 2031 Volume:

L T R L T R L T R L T R
AM 63 124 211 287 580 54
PM 307 326 138 442 299 85
Circulating Volumes

AM
PM

Entering Flow

AM
PM
Approach Capacity

AM
PM
V/c ratio

ALL
AM 0.51
PM 0.6

AVG
AM 9.6
PM 13.6

AM
PM

ALL
AM A
PM B

Control Delay
0.390.76 0.7

633

0.47 0.69
V/cEB V/cWB

831 984
1061 915

cNB cSB cEB cWB

0.3
V/cNB V/cSB

838

0 187 498 634
0 633 580 384

299 307 138
For Single Lane Approaches:

VNB, Ent Flow VSB, Ent Flow VEB, Ent Flow VWB, Ent Flow

VNB, circ VSB, circ VEB, circ VWB, circ

580 63 211

SB EB WB 
Bell Rd Boles Rd Bell Rd

dNB dSB dEB dWB 

1.Bell Rd & Boles Rd

NB

17.5 14.3 6.0
8.1 6.4 12.6

2 3 7

95% Queue Length in Vehicles
QNB QSB QEB QWB 

Level of Service
NB SB EB WB

9 7 2

C B A
A A B






