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ABSTRACT

PURPOSES : The goal of this study is to analyze the operational efficiencies of special roundabouts using simulated programs.

METHODS : This study primarily focuses on comparing the delays and traffic flow disturbances occurring at special roundabouts. In this
study, the operational efficiencies of 450 scenarios (5 roundabout types X traffic volumes X directional ratios x measures) are analyzed
according to the corresponding delays and traffic flow disturbances using VISSIM and SSAM.

RESULTS : The main results are as follows: 1) the Hamburger roundabouts are determined to yield the least common-type delays, 2) the
amount of delays at Turbo and Flower roundabouts with respect to relatively increased right-turn-type delays, in addition to the amount of delays
at the Left-turn slip-lane roundabout with respect to relatively increased left-turn-type delays, are found to be reduced as compared to the
common-type delays. Lastly, common- and increased right-turn-type traffic flow disturbances at the Turbo roundabout and increased left-turn-
type traffic flow disturbances at the Left-turn slip-lane roundabout are determined to be the most infrequent.

CONCLUSIONS : This study comparatively analyzes five roundabout types: standard, Flower, Turbo, Hamburger, and Left-turn slip-lane.
The effectiveness of roundabouts can increase according to given traffic volume, directional ratio, and measure of effectiveness.
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Table 1. Differences with Previous Studies

Author Year | Type of roundabout MOE
JK. Lim et al. | 2011 | Standard roundabout delay
Standard and
K.S. Song | 2011 Turbo roundabouts delay, speed
Standard, Turbo and .
KH. Jang |2014 Flower roundabouts delay, conflict
J. Park 2014 Standard and Signalized delay
roundabouts
T. Tollazzi 2011 Standard, Turbo and delav. queue
et al. Flower roundabouts Y.
Turbine, Signalized and capacit
M. Tracza |2012|  Signalized Turbo pacty,
accident
roundabouts
T. Tollazzi Standard and Target
et al. 2013 roundabouts delay, queue
J. Sanaster Signalized intersection,
’ 9 2014 Hamburger and Standard delay
et al.
roundabouts
Standard, Turbo, Flower,
This study | 2015 |Hamburger and Left—turn| delay, conflict
slip—lane roundabouts
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Table 2. Directional Ratio and Speed Data

Classification Data
Major road . .
(left—turn : straight : right—turn) 1274215
Minor road . .
(left—turn : straight : right—turn) 274821
Traffic volume ratio(major : minor) 65 : 35
Average travel speed(km/h) 427
Average approach speed(km/h) 28.3
Average circulating speed(km/h) 24.2
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Table 3. Geometric Structure Design

Classification Dimension

Central island diameter(m) 38

Circulatory roadway width(m/lane) 5.5

Approach lane width(m) 3.5
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Existing research
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= Common type
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Fig. 3 Scenarios for Analysis

Table 4. Scenarios for analysis

Condition 1: | Condition 2: | Condition 3: | Condition 4:
Type of Total traffic | Directional Measure of
roundabout | volume(pcph) ratio(%) effectiveness
Common type
Standard 15:70 : 15
roundabout (major road) |average delay
30 :40: 30 | per vehicle
Flower (minor road) (sec/veh)
__roundabout | More left—turn
Turbo 400~6,000 | 30: 60 : 10
roundabout |(major : minor| (major road)
=65:35) |20:50:30
Hamburger (minor road)
roundabout More right-turn|  number of
] 10 : 60 : 30 conflicts
Left=turn slip— (major road)
lane 30 :50:20
roundabout (minor road)
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Table 5. Result of Analysis (Common Type)
Total Average delay per vehicle (sec/veh) Number of conflict
traffic Left=turn Left=turn
VElUE Standard | Flower Turbo ST e Hamburger| Standard | Flower Turbo o e Hamburger
400 2.32 2.54 2.11 2.04 6.99 1 1 0 1 1
800 3.54 4.02 3.03 3.82 7.24 3 3 2 3 2
1,200 3.92 5.35 4.24 412 8.52 7 5 2 5 4
1,600 5.43 13.54 5.67 5.24 9.27 8 7 3 7 5
2,000 6.92 18.58 8.84 7.87 10.99 21 18 3 17 10
2,400 11.24 45.60 13.01 11.64 12.57 43 33 12 38 18
2,800 16.72 68.54 21.34 17.21 15.98 62 57 16 54 33
3,200 40.24 91.72 48.92 46.14 23.32 105 93 37 80 52
3,600 62.32 109.54 63.74 61.32 36.98 140 17 55 103 78
4,000 7454 125.76 85.90 77.54 45.24 179 146 74 18 94
4,400 90.80 138.88 101.62 92.32 53.26 218 172 99 138 16
4,800 108.65 158.92 117.22 114.32 58.77 256 190 123 160 147
5,200 123.21 165.71 128.32 127.24 73.52 280 212 141 187 167
5,600 138.54 177.23 144.52 139.76 94.89 317 240 157 216 189
6,000 154.22 193.52 158.76 157.78 108.50 337 271 178 253 210
Note: The shaded cells mean that the operation(delay time) LOS is F
Table 6. Type of Conflict (Common Type)
(Unit: %)
Classification Standard Flower Turbo Left—turn slip lane Hamburger
crossing 4.4 2.3 1.2 2.1 0.4
rear— end 65.4 82.4 84.3 82.4 90.5
lane —change 30.2 15.3 14.5 15.5 9.1
Ewo A+ standard 20 / 7
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_% K ——Turbo _7-2 A = TiihG
3 z
i
z
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Fig. 4 Result of Delay Analysis (Common Type)
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Table 7. Result of Analysis (More right—turn Type)
Total Average delay per vehicle (sec/veh) Number of conflict
traffic = =
Standard | Flower Turbo L?ﬂ turn Hamburger| Standard | Flower Turbo Le.n turn Hamburger
volume slip lane slip lane
400 213 2.27 2.09 2.21 7.31 1 1 0 1 1
800 3.12 3.22 3.13 4.04 8.21 1 1 1 3 3
1,200 3.47 4.51 3.99 4.92 9.44 4 3 1 5 5
1,600 5.32 6.98 6.18 7.58 10.68 6 4 2 8 9
2,000 6.17 13.17 7.96 10.01 11.85 19 17 3 18 20
2,400 9.13 22.01 12.02 15.24 15.02 40 24 11 36 29
2,800 18.16 37.59 18.47 27.62 18.62 59 31 14 53 43
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4,400 79.27 120.02 88.98 101.87 59.87 187 138 80 167 156
4,800 95.89 133.57 106.76 121.72 71.58 218 151 96 192 182
5,200 112.32 146.32 118.54 134.98 86.04 247 167 109 213 195
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Note: The shaded cells mean that the LOS is F
Table 8. Type of Conflict (More right—turn Type)
(Unit: %)
Classification Standard Flower Turbo Left=turn slip lane Hamburger
crossing 4.2 1.9 1.0 2.1 0.6
rear— end 66.4 88.3 857 83.2 88.2
lane —change 29.4 9.8 13.3 14.7 1.2
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Table 9. Result of Analysis (More left-turn Type)

n
=

Total Average delay per vehicle (sec/veh) Number of conflict
Vtglatj]l]ce Standard | Flower Turbo L?ﬂ_tum Hamburger| Standard | Flower Turbo L?ﬂ_tum Hamburger
slip lane slip lane
400 2.45 2.62 2.35 2.16 8.01 1 1 1 1 1
800 3.68 4.35 3.94 2.35 8.94 3 4 2 1 3
1,200 4.99 6.76 4,58 3.82 10.58 8 7 4 3 7
1,600 6.7 18.24 6.02 4,98 11.92 24 20 9 6 11
2,000 10.52 43.57 11.98 5.9 16.28 36 34 12 9 31
2,400 16.89 63.85 21.08 10.05 27.82 58 57 18 14 52
2,800 27.3 76.76 31.62 13.52 39.64 104 92 26 19 81
3,200 60.24 100.29 61.81 21.24 52.32 161 126 58 34 108
3,600 70.95 118.26 82.55 40.32 64.85 184 161 77 61 145
4,000 92.35 137.82 108.82 56.83 83.08 226 184 94 82 167
4,400 108.54 154.85 120.4 72.58 97.21 258 213 102 96 199
4,800 127.82 170.48 139.52 83.54 113.84 292 245 137 19 230
5,200 144.58 189.57 154.12 94.25 124 1 328 268 162 137 249
5,600 157.96 206.39 172.33 103.68 139.58 367 293 185 160 270
6,000 174.32 224.62 183.84 115.82 154.32 397 301 216 177 285
Note: The shaded cells mean that the LOS is F
Table 10. Type of Conflict (More left—turn Type)
(Unit: %)
Classification Standard Flower Turbo Left=turn slip lane Hamburger
crossing 4.8 2.2 1.3 1.5 0.7
rear— end 63.1 79.6 85.2 87.3 87.6
lane —change 32.1 18.2 13.5 1.2 1.7
% / - A
. il
% 150 /‘% ——Standard % o // —+—Standard
x —B-Flower - lower
N/ 7 i
3z —<Left-tum slip-lane 5 10 /;// A//< —<Left-tum slip-lane
Il
L L

400 1,200 2000 2,800 3,600 4400 5200 6,000

Total traffic volume(pcph)

. 8 Result of Delay Analysis (More left-turn Type)
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Fig. 9 Result of Conflict Analysis (More left-turn Type)
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