









































































































































































































































































































































































































































































































































































































































For the same location in Case 2 there is less variation. As Figure 74 shows, the
speeds are between 25 and 35 mph when vehicles initially enter. Once the
vehicles reach the new diverge point (location f) the speeds reduce to 25 to 30
mph. As the vehicles continue get to the other newly constructed merge point at
1500 m the speeds start to reduce. This is due to the yield control at 1300 m

(location a).

The output results for Case 3 were not as expected. The results showed that the
intersections south of the traffic circle on Route 35 were backing up as far as the
Route 66 approach in the circle. After carefully studying these results it was
found that the problem was not with the yield controls on the approaches, rather
with the PARAMICS modeling software. There are some modeling issues that
prevent the vehicles from entering the circle at a yield at higher (more
representable) rates of speed. This being the case, it was necessary to compare
the volumes seen on these approaches with volumes of roundabouts throughout
the country to ensure the traffic circle would not fail if the yields were moved to

the approaches.
Asbury Park Circle Conclusions

This chapter discusses the improvements from various safety treatments for the
Asbury Park traffic circle in New Jersey. The circle has been assessed using a
carefully developed safety analysis methodology. Both the empirical models and
traffic simulations tested support the proposition that safety will be increased with

implementation of the proposed treatments.

Based on the empirical results using the Maycock and Hall equations, safety
should improve at the Asbury Park traffic circle with the implementation of

Alternative C.

removal of the central circle replaced by two links to create two larger circles at

either end of the Asbury Park circle enabling longer queues to occur within the
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sub-circles while reducing the speed differential on the straight-aways and
keeping this differential closer to the traffic circle approaches where speeds are

typically lower.

Presently, at the Asbury Park traffic circle the speeds within the traffic circle vary
greatly. These speeds are not consistent from approach to approach. These
speed variations do allow for safe operation, especially for unfamiliar users.
Case 2 was modeled to enhance the traffic circle while maintaining the existing
yield control structure. As is mentioned in the above section, the overall patterns
in Case 2 were similar to Case 1 but with much less variability. The main
enhancement in this case was the removal of the inner circle. In its place two
new links were added to allow for those movements. These new links created
the illusion of two separate traffic circles. Other enhancements included

approach geometry changes and speed limit reductions.

The reconstruction of the inner circle as done in Case 2 and 3 clearly has value
in terms of safety. The weaving section is much greater as is the storage space
behind the yield. To further enhance safety, the yields were moved to all of the
approaches in Case 3. Although the PARAMICS software had trouble simulating
the results by moving the yields to the approaches further investigation lead the
team to believe that this was beneficial in terms of safety. The team checked the
delays and queue lengths against similar data for multi-lane roundabouts across
the US and conclude from that comparison that the delays should be in the 10 to
25 second range per vehicle and that 95th percentile queue lengths should be
between 0 and 7 vehicles except at the Route 16 approach (location c) where the
existing one-lane approach should be upgraded to a two-lane approach.

SAFETY ANALYSIS CONCLUSIONS

Traffic circles are insufficiently addressed through current empirical and

simulation models. Thus, research about the safety and operations of these
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facilities need careful attention. To develop workable solutions for the three
traffic circles in this study, empirical models and simulation techniques were used
hand-in-hand. The empirical models chosen were from the British and Australian
roundabouts literature. The simulation program selected was sensitive to lane
assignment, control, and traffic volumes - three crucial elements in traffic circles
operations. On the other hand, the program was insensitive to changes in
superelevation, markings, directional signage, and lighting, to name but a few
items. Therefore, both empirical models and simulation analyses were
conducted to develop the most informed picture possible of each alternative.

The results of each method are now summarized.
Summary of Empirical Analyses

Table 27. Comparison of actual and estimated annual accident rates

Actual Annual Empirically Estimated
Accident Rate Annual Accident Rates
LOCATION | Case Maycock & Hall Arndt
COLLINGWOOD TRAFFIC CIRCLE
Existing Condition 30.67 5.400 2.160
Enhanced Condition golg  1.318
BROOKLAWN TRAFFIC CIRCLE
Existing Condition 31.33 8.803 17.317
Alternative 2B 8.816 1.028
Alternative 2B w/ Enhancements 8.816 0.680
Alternative 2D 8.741 0.954
Alternative 2D w/ Approach Yields 8.741 0.475
ASBURY PARK TRAFFIC CIRCLE
Existing Condition 72 26.293 3.384
Alternative C 22.790 2.453

0.xxx = lower (better) accident rates predicted
BB = higher (worse) accident rates predicted

The expected number of accidents for each traffic circle’s alternative designs is
included in Table 27 along with the actual annual accident rates based on the
data received from the NJDOT and police reports. As is clearly evident and
explained previously, the empirical estimates do not equal the actual annual
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rates for the existing conditions (to see why, go to Review of Safety Models on
page 17); however, the relative changes between alternatives is useful to
observe. For example, according the both empirical models for the Asbury Park
traffic circle Alternative C is an improvement over the Existing Condition
(approximately 13 to 28 percent). In the case of the Collingwood traffic circle, the
improvement is debatable based on the empirical results (167percent higher
accident rate using Maycock & Hall, while a 39 percent lower accident rate with
Arndt) so here it is crucial to examine the simulation output for further insight.

Summary of Simulation Runs

The safety treatment options discussed in each of the traffic circle sections were
modeled using the PARAMICS computer software package. Table 28 shows a
summary of each of the simulation runs for each of the traffic circles. It should be
noted that PARAMICS has many limitations when it comes to modeling the
effects of certain geometric parameters. For example, the roadway width may be
altered or superelevation imposed on the circulating roadway in the traffic circle.
In the real world environment, these treatments would both have a significant
impact on speeds in the facility. However, PARAMICS is unable to model these
effects as a direct result of changing the geometry. What PARAMICS does allow
the user to do is input a given percent speed reduction that would be anticipated
due to the presence of a curve. Therefore, when modeling the treatments, a
percent speed reduction must be entered to reflect the impacts of making such a

change.
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Table 28. Comparison of the simulation models

(o]
T .5 88§
5§ 88 3% 3§ %
LOCATION | Case 08 &3 58 < 23
58 55 58 S £O
S na o T o g
) 2 o2
- s K-
COLLINGWOOD TRAFFIC CIRCLE
Case 1 X X
Case 2 X X X
Case 3 X X
Case 4 X X
BROOKLAWN TRAFFIC CIRCLE
Case 1 X X
Case 2 X X
Case 3 X X
Case 4 X X
Case 5 X X X
ASBURY PARK TRAFFIC CIRCLE
Case 1 X X
Case 2 X X
Case 3 X X X

For the Collingwood Circle three scenarios were developed. The cases included:

= “Case 1” — Existing Conditions,

= “Case 2” — Improvements suggested by NJDOT, which include realigning
the Route 33/34 southbound approach and the Route 547 exit from the
circle to eliminate the stop-controlled intersection on the Route 547 exit,
and giving the right-of-way to circulating traffic and placing yields on the
approaches,

= “Case 3" — Collection of minor improvements intended to alter speeds and
headways in the traffic circle without making major geometric changes,
and

= “Case 4” — Included geometric changes intended to have a larger impact
on speeds.

Based on the results of each of the simulation runs, the outputs from the Case 2

simulation provided the safest output. The results of Cases 3 and 4 improved
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upon the existing conditions but the speed distributions through the facility were

not as uniform.

For the Brooklawn traffic circle the existing conditions and four improvement
scenarios were analyzed with PARAMICS. The cases included:

= “Case 1” — Existing Conditions,
= “Case 2” — Alternate 2B in the Delaware Valley Regional Planning
Commission (DVRPC) US 130 Brooklawn Circles Concept Development
Report (February 2002),
= “Case 3” — Case 2 in addition to site specific enhancements such as
geometry, lighting and signage,
= “Case 4” — Alternative 2D in the DVRPC Report with the same
enhancements as Case 3, and
= “Case 5" — Case 4 with yield controls on each of the approaches.
All of the simulation models produced for the Brooklawn traffic circle enhances
the facility from the existing conditions. The most significant changes resulted
from the enhancements located at the US 130 southbound approach as well as
the geometric changes at the NJ 47 and Creek Road intersection. The study
team feels that moving the yields to the approaches provides uniformity to the
facility. The team also feels that, optimally, Case 5 is the most beneficial case,
but Case 3 with yields on the approaches may serve as a lower cost option. The
reason Case 5 is more beneficial is that the traffic patterns are changed by
allowing key turning movements at the Route 130 / Old Salem Road intersection.

This allows some vehicles to completely bypass the traffic circle.

For the Asbury Park traffic circle the existing conditions and two improvement
scenarios were analyzed with PARAMICS. The cases include:

= “Case 1” — Existing Conditions,

= “Case 2’ — Remove the inner circle and add new links on each end to
create two traffic circles. This alternative also has enhancements such as
geometry, lighting and signage changes, and

= “Case 3" — Case 2, plus moving all the yields to the approaches.

Presently, at the Asbury Park traffic circle the speeds within the traffic circle vary
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greatly. These speed variations inhibit safe operation, especially for unfamiliar
users. Case 2 was modeled to enhance the traffic circle while maintaining the
existing yield control structure. The speed patterns between Cases 1 and 2 are
similar but with much less variability for the latter. The main enhancement in this
case was the removal of the inner circle. In its place two new links were added
to allow for those movements. These new links created the illusion of two
separate traffic circles. Other enhancements included approach geometry
changes and speed limit reductions.

The reconstruction of the inner circle as done in Cases 2 and 3 clearly has value
in terms of safety. The weaving section is much greater as is the storage space
behind the yield. To further enhance safety, the yields were moved to all of the
approaches in Case 3. Although the PARAMICS software had trouble simulating
the results by moving the yields to the approaches further investigation led the
team to believe that this was beneficial in terms of safety. The team checked the
delays and queue lengths against similar data for multi-lane roundabouts across
the US and conclude from that comparison that the delays should be in the 10 to
25 second range per vehicle and that 95th percentile queue lengths should be
between 0 and 7 vehicles except at the Route 16 approach (location c) where the

existing one-lane approach should be upgraded to a two-lane approach.

Although PARAMICS had some difficulty with the modeling of the yields on the
approaches, the study team found with other analysis techniques the problems
would not exist. Although other options exist for this facility, Case 3 provides a

lower cost option and provides uniformity within the circle.

209



REFERENCES

1. Maycock, G., and R.D. Hall. Accidents at 4-Arm Roundabouts. TRRL
Laboratory Report LR 1120. Transport and Road Research Laboratory,
Crowthorne, England, 1984.

2. Ourston, Leif & Peter Doctors. Roundabout Design Guidlines, available

from Ourston and Doctors, Santa Barbara, CA, 1995.

3. Austroads. Guide to Traffic Engineering Practice. “Part 6 — Roundabouts.”
Sydney, 1993.

4. Persaud, Bhagwant and Craig Lyon, Working Paper #2: Safety Models,

National Cooperative Research Program (NCHRP) Project 3-65,
September 2002.

5. FHWA. Roundabouts: An Informational Guide. Publication No. FHWA-
RD-00-067. US Department of Transportation, Federal Highway
Administration, McLean, Virginia, USA 2000.

6. U.S. Department of Transportation (ATSSA / AASHTO / ITE). Manual on
Uniform Traffic Control Devices, Millennium Edition. Washington, DC,
2001.

7. Kinzel, Christopher S. Signing and Pavement-Marking Strategies for Multi-
Lane Roundabouts: An Informal Investigation. Urban Street Symposium,
July 2003.

8. List, George and Stacy Eisenman. Task 3 Report: Operational and Safety

Performance of Modern Roundabouts and Other Intersection Types.
NYSDOT Project C-01-47, September 8, 2003.

9. Arndt, O., Relationship Between Roundabout Geometry and Accident

210



10.

11.

12.

13.

14.

15.

16.

Rates. Masters of Engineering Thesis. School of Civil Engineering.
Faculty of Built Environment and Engineering, Queensland University of

Technology, Australia, June, 1994.

Arndt, O. Relationship Between Roundabout Geometry and Accident
Rates — Final Report. Infrastructure Design, Transport Technology

Division, Department of Main Roads, Australia, 1998.

Brown, R., Safety Treatments and Impact Assessments for Traffic Circles.
Masters of Science Thesis. Department of Civil and Environmental

Engineering, Rensselaer Polytechnic Institute, Troy, New York, July 2004.

Gettman, D., and L. Head, Surrogate Safety Measures from Traffic
Simulation Models. Transportation Research Record Paper No. 03-2958,
TRB, National Research Council, Washington DC, 2003.

Semmens, M.C, Arcady2: An Enhanced Program to Model Capacities,
Queues and Delays at Roundabouts. Transport and Road Research
Laboratory Research Report 35, 1985.

FHWA. Signalized Intersections: Informational Guide. Publication No.
FHWA-HRT-04-091. US Department of Transportation, Federal Highway
Administration, McLean, Virginia,USA, 2004.

Persaud, B. N. and K. Musci. Microscopic Accident Potential Models for
Two-Lane Rural Roads. In Transportation Research Record 1485, pp.
134-139., TRB, National Research Council, Washington, D.C., 1995.

Mehmood, A., F. Saccomanno, and B. Hellinga, Simulation of Road
Crashes by Use of Systems Dynamics. In Transportation Research
Record 1746, pp. 37-46, TRB, National Research Council, Washington,
D.C., 2001.

211



17.

18.

19.

20.

21.

22.

23.

24.

Sayed, T., et al., Simulation of Traffic conflicts at Unsignalized
Intersections with TSC-Sim. Accident Analysis and Prevention, Vol. 26,
No. 5, 1994.

Salman, N. K., and K. J. Al-Maita. Safety Evaluation at Three-Leg,
Unsignalized Intersections by Traffic Conflict Technique. In Transportation
Research Record 1485, pp. 177-185, TRB, National Research Council,
Washington, D.C., 1995.

Fricker, J.D., and R.K. Whitford, Fundamentals of Transportation
Engineering: A Multimodal Systems Approach. Prentice Hall, Upper
Saddle River, New Jersey, 2004.

Intersection Accident Prediction with Conflict Opportunity Technology and
Traf-Safe™ Software Architecture, Function & Validation. Kaub
Associaties, Inc. and Traffic Safety Software, 1993. Available Online :
http://www.trafficsafetysoftware.com/research_papers/TSafe%20Architect
ure%202003%202004_modified010904.pdf

Amundsen, F, and C. Hyden, Proc., First Workshop on Traffic Conflicts.

Institute of Transport Economics, Oslo, Norway, 1977.

Kruysse, H., The Subjective Evaluation of Traffic Conflicts Based on an
Internal Concept of Dangerousness. Accident Analysis and Prevention,
Vol. 23, No.1, 1991.

Mauro, R. and M. Cattani, Model to Evaluate Potential Accident Rate at
Roundabouts. In Journal of Transportation Engineering,
September/October 2004, ASCE, 2004.

Brude, U. and J. Larsson. “What Roundabout Design Provides the

Highest Possible Safety?” Nordic Road & Transport Research, Swedish

212



25.

26.

27.

28.

29.

30.

31.

32.

33.

National Road and Transport Research Institute, VTI Meddelande, No. 2,
2000.

Guichet, Bernard, Roundabouts in France: Development, Safety, Design,
and Capacity. Proceeding of the Third International Symposium on
Intersections Without Traffic Signals, pp. 100-105, 1997.

Barker, J. and C. Baguley. Road Safety Good Practice Guide.
Department for Transport, TLR Limited, Great Britain.

Florida Roundabout Guide. Florida Department of Transportation, Offices

of Traffic Engineering and Roadway Design. March, 1996.

USDOT. Manual on Uniform Traffic Control Devices, Millennium Edition,
2003.

Taylor M.C., D.A. Lynam and A. Baruya (2000). “The Effects of Drivers
Speed on the Frequency of Road Accidents.” TRL Report 421. TRL

Limited, Crowthorne.

Taylor M.C., A. Mackie and A. Baruya (2001). “Vehicle Speed
Distributions and Safety on Urban Roads.” TRL Report. TRL Limited,

Crowthorne.

Traffic Signs Manual. Department for Transport, Local Government and
the Regions (DTLR), London. 1997.

Delaware Valley Regional Planning Commission (DVRPC), US 130
Brooklawn Circles Concept Development Report. 2002, DVRPC:
Philadelphia.

Bartin, B., Re: Quick Q on PARAMICS, A. Demers, Editor. 2004.

213



34. Bartin, B. Re: Simulation Runs, Potential Visit, A. Demers, Editor. 2004.

35. Institute of Transportation Engineers. Traffic Engineering Handbook, 5th
Edition. James L. Pline (editor) Washington, DC: 1999.

214





