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Abstract

This study deals with the small-scale roundabout. The purpose of this study is to analyze the
average delay of vehicle in roundabout, and suggest the efficient planning and design standard.
In pursuing the above, this study gives particular attentions to analyzing the average delay time
according to the inscribed circle diameter, speed of circulatory roadway lane and traffic volume.
The operational efficiencies of 96 scenarios (3 sizes of inscribed circle diameter x 4 types of
circulatory roadway speed X traffic volume) are analyzed using VISSIM (Verkehr In Stddten-
SIMulationsmodell). The main results are as follows. First, the optimal design speed of
small-scale roundabout are derived from the above scenario analysis. Second, the traffic
volume of LOS D is estimated to be 2,180-2,740pcph. Third, the traffic volume of LOS F that is
required to improve is above 2.780pcph. The results might be expected to give some implications
to providing the countermeasures for the operational efficiency of roundabout.

keywords: average delay, circulatory roadway speed, inscribed circle diameter, small-scale
roundabout, VISSIM
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Table 1. Design criteria of community road roundabout

Classification Entry section Circulatory roadway

Max. design ~ Width of  Design speed ICD Central island ~ Width of

o, @i ADT speed(km/%l) lane(m) (lfm/h% (m) diameter (m) lane (m)
Single—lane 20,000 40-50 3.0 20 14.0 6.0 4.0
7.0 3.5

8.0 3.0

3.5 15.0 7.0 4.0

8.0 3.5

9.0 3.0

4.0 17.0 9.0 4.0

10.0 3.5

11.0 3.0

9.0 3.5+3.5

Double-lane 20,000 40-50 3.0 30 22.0 10,0 3.0+3.0

source: Ministry of Security and Public Administration (2012), Design Principle of Community Road Roundabout.

Korea Highway Capacity Manual(e2-8FHe, 2013)o|4 &= 7| 253 0] 48 FHduAt=et E4-F39) =
@ M uzg FRET A A uEd A4, AT AALE 20-30km/h, FYLEAH AF z
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Table 2. Differences with previous studies

Author Year Type of roundabout MOE
Lim et al. 2017 Turbo roundabout, Flower roundabout, delay, conflict
Hamburger roundabout
Kim et al. 2015 Standard roundabout delay
Lim and Park 2011 Standard roundabout delay
Sangster et al. 2014 Standard roundabout, Hamburger roundabout delay
Sergan Tanyel et al. 2013 Standard roundabout delay
Bastian Jonathan et al. 2007 Standard roundabout delay
This study 2017 Small-size roundabout delay

240 £ 4

dutd o g oA 3 wat2 o] 292 B7otr] 213k AlEelo]d T2 I7io]i= aaSIDRAS} VISSIMO]
= Ol% E} o] Aol A= WA= WY 251} 2| AHF-o] o] whE 2|A| H2kE EA51H7] 916l nlAl4
EA B o] a2 78 VISSIMo] AFE|Qtt o] L2 71382 93SIDRAS} H| wot-S uf, thofst n s %713 2p2
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Ao FHHE. oo WY AF 17Tme}F 25m Q] HEHIE F55HeH, 242 Ao S 4o =2 22mE 571
stttk =4, 71E9] 29 S natz T AAAYAAE 2R S Wtz o)A T 9] AJAE S 20-30km/h
2 AABEL Qe Aoz SRIF L) ofof], 20km/he} 30km/h2] 3|7 F AL et T F7F 491 25km/hE 24
St T A7) B A, A9 S uARE FAete] AAA YR AAH7] ] st maA
Y& AsiAE ST YA, Tt Aol Bo] 72 Aoz wekdr, ofof 71E 9] AARH A AAlst=
AASE] Hit AHET 28T A0 2 AzbE mEkA AAZH NN AAshe AAVIESEE T W2 93%
=91 15kphE F7ISIAHAA, 2F 2208 AA1E Lot & Qe 2Ede A BdA3 o] 29 odwat
29| o] duFFR oF 3,400th/A1E ARSI ofofl ZF Ad == 24 100tholl A =t 800th7H4] F7FA1Z
o, 24 s uAR7}F 44] 91 WAtz el 7] fi 2o A Y aE g2 400-3,200pcph= A5t A5 o] A
TolAE 37091 ICD, 47119] 3]At=2 £ 5l 87]9] AAW-SFS Adshe T 96(3x4x8)7 A ute] 2.of HatA]
A7E 24 = A

Table 3. Scenarios for analysis

Condition 1 Condition 2 Condition 3
Inscribed circle diameter (m) Speed of circulatory roadway (kph) Traffic volume (pcph)
17 15
20
22 25 400-3200
25 30
=
27

2 ERAR 3 71 2 Y A 1Tme A90] AR 4 A kg 2o,
BE W a4 AR A £t 15km/hY 9ol 7P 32 AAE Uehvbe A2 EAE I
Table 40] YA AAE B AYw-5% 2,800pcpholl A 25 FPEE7F 15kphd wiolli= 51.313%9] Fw 24|
7} abgselch, BHE SR S5k 7b 30 30kphe) Tl 82.0522.9] BRAA Esks Hlo2 Vel
olof] 7Hg =2 HHAAE Hol= 3HE FY&E 30kphe] Z|A] 82.052%2} o|Ht T4 3R F3%
25kphd wiofli= oF 3% J =0 2to] & Holw, 7P W 3| L5 b of 30X o]0 Afo| & Hole 2o
2 ZRI= ). whEhA W 2150l 17Tmel - nAE Y 7-9-oll= AASHA P a0l 7HY =2 2379
o] 7k 15km/hel Ao 2 ks ot
Table 4. Result of delay analysis (ICD 17m) (avergate delay per vehicle, sec/veh)
: Speed of circulatory roadway (kph)
Total traffic volume (pcph) B 0 G 20
400 2.813 2.864 3.183 6.952
800 3.162 3.339 3.765 4.612
1200 4.284 4.669 4.804 5.686
1600 6.82 7.357 7.603 8.291
2000
2400
2800
3200

note: :LOS C, 'LOS D, (5 :LOS E, @ :LOS F

tietnEsts|2|, A 353 A 5=, 20173 10 389
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Figure 1. Graph of delay analysis (ICD 17M)
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Table 5. Result of multiple linear regression model (ICD 17m)

Unstandardized Coefficients Standardized Coefficients

Variable B Std. Error Beta ‘ Sig.
(Constant) - 419 135 3.108 .004
Traffic volume X .001 .000 961 20.512 .000
Circulatory roadway speed : 15kph X, -.342 137 =117 -2.499 .018
Average delay model Adjusted R*
In(Y,) =0.419+0.001.X, —0.342.X, 0.932
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Table 6. Result of delay analysis (ICD 22m) (avergate delay per vehicle, sec/veh)

Speed of circulatory roadway (kph)

Total traffic volume (pcph)

20 25 30
400 2.212 1.893 1.842
800 2.794 2.368 2.191
1200 3.833 3.698 3.313
1600 6.632
2000
2400
2800
3200

note: :LOS C, :LOS D, ] :LOS E, @ :LOS F

100
a0
80

LOSF

70

60

50

LOS E

2/
30 //// / L0SD
20 //,‘,/ Losc

10 K/ LOS B

\
AN

Average delay per vehicle (sec/veh)

LOS A

400 a00 1200 1600 2000 2400 2800 3200
Total traffic volume (pcph)

=15 2 ———25 ——30

Figure 2. Graph of delay analysis (ICD 22m)
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Y A3k AFE W F AR S50} 15km/he] A% hE B4 AT EY AF 17m o 29
A Aol gl WHY A5 2mel At (0 ¢S 2 A0 BrHgith 2, BHEY AF 2ml AR
SARAR AL 2150 17} 1Skm/hed wlells BFAA7 Z7HER, 20-30km/hY Dol Zamhe Ao

2 BAE

Table 7. Result of multiple linear regression model (ICD 22m)

Unstandardized Coefficients — Standardized Coefficients

Venizlslo B Std. Error Beta Sig.
(Constant) - -.135 139 -.970 .340
Traffic volume X .001 .000 .964 21.710 .000
Circulatory roadway speed: 15kph X, 3717 141 119 2.670 .012
Accident model Adjusted R*
In(¥,) =—0.135+0.001X, +0.377.X, 0.939

3. ™A A& 25m

A AR 2 WY A8 2
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Table 84 Yet}ol, B AA A ] mE AHlaeES vt ZA 79 AEE §919d
15-25km/h¥ 73-9+= A JF5F 2,000pcphol| 4], 18] 31 30km/h¥ 790l 2,400pcpholl A A H| A4 Cofl T2
ot Ao 2 matE| ey, T3 3 E 0] 2k £ 15-20km/holl A= 2,800pcpholl 4] AJH] A4 Foll mdsh=
Aoz F7rE o), SRR 2 £ 25-30km/hofl A= D453 3,200pcphol| A AH| 242 Foll =Edh=
Aom ZAEQIT ot IAF FPLE] wE FHAA Y F7HEC] M 2 wEFS 2,.800pcpholH,
1,600pcph ©13 L off w-FFo] T7hetel et B4 o] T7HEe] 2 Aoz et

rok

[

Table 8. Result of delay analysis (ICD 25m) (avergate delay per vehicle, sec/veh)

Speed of circulatory roadway (kph)

Total traffic volume (pcph)

15 20 25 30
400 5.973 2.204 1.885 1.834
800 3.633 2.786 2.36 2.183
1200 4707 3.825 3.69 3.305
1600 7.312 6.624 6.378 5.841
2000 14.46
2400
2800
3200

note: :LOS C, :LOS D, [J :LOS E, @ :LOS F

100
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70
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Total traffic volume (pcph)
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Figure 3. Graph of delay analysis (ICD 25m)

HRAAC) G FE QG TIsh] Sl SBARY s} Y RFF] M2 FFAFIARYo] AL
sjoick R 23, BEAAe] e FE 09102 WU AA2 0] £ 15km/hrh AHE AT, 47
B % SOl SRR S} 15km/hel 9 B A1 22mel 2991 BAsHA W] A7} R 2
& 7HA0], BRAAL F7ksle Ao B,

Table 9. Result of multiple linear regression model (ICD 25m)

Unstandardized Coefficients  Standardized Coefficients

Vel B Std. Error Beta Sig.
(Constant) - -.134 136 -.987 332
Traffic volume X .001 .000 965 22.166 .000
Circulatory roadway speed: 15kph X, 372 138 117 2.697 012
Accident model Adjusted R?
In(Y;) =—0.134+0.001X, +0.372.X, 0.941
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Table 10. Average delay model by inscribed circle diameter of small-scale diameter

Inscribed circle diameter Average delay model
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Figure 4. Comparison of LOS by scenario
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