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A Study on Determining the Optimal Size of Bicycle
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ABSTRACT

This study aims to evaluate the performance of Hook-turn operation with various sizes of bicycle waiting zone(WZ) and to
determine the optimal size of bicycle WZ under various traffic and control circumstances. An extensive simulation study was
performed to examine bicycle and vehicle delay trends for given experimental design. Results showed that vehicle delay was
insensitive to the size of waiting zone, but bicycle delay was reduced as the size of waiting zone increased in general. The delay
performance indicated a similar trend between with RTOR and without RTOR operation, but vehicle delay slightly increased and
bicycle delay slightly decreased without RTOR. Regarding to optimal waiting zone size, 6 WZ was recommended for general
conditions with RTOR, but 9 WZ was recommended when bicycle left-turn volume was greater than 120 v/h. 6 WZ was

recommended for general conditions without RTOR, but 12 WZ was recommended when bicycle left-turn volume was greater
than 90 v/h.

Key words : hook-turn, bicycle operation, delay, waiting zone, RTOR
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(Table 1) Specification of bicycle waiting zone

Category Specifications
Wz size | g g | | s

RTOR | Width(m) | 33 | 33 | 33 | 33 | 33
Length(m) | 20 | 40 | 60 | 80 | 100

WZ Size

RTOR | Width(m) | 6.6 | 66 | 6.6 - -
Length(m) | 2.0 4.0 6.0 - -
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(Table 2) Signal timing optimization(DS= 1.0)

(Table 3) Signal timing optimization(DS=0.75)

Category o1 2 3 4
Cycle
S 4
Phase Jr :.‘; 4.‘ ﬁ
i 17 33| 17 | 3533
time(sec) / /
120
Yellow
time(sec) 4 4/6 4 4/6
V. g7} 9 AEH
1. RTOR X2
RTORS A -8-3to, SbA] AAE thaFgt 2704

AR wEFHS 1000/, 300TH/A], S00Ti/A =2 H
A A H7HE AR AL A 2R A
9] FHA A ke T <Table 4,5,6>0] AAFH AT

(Table 4) Average delay
(W/ RTOR, bicycle 100 vph)

Bicycle

Delay(s/v)
Cate |left-turn
gory | volume | WZ | WZ | WZ | WZ | WZ
flow 3 6 9 12 15

DS

Category o1 2 3 4
- Cycle
me | N5 R M
Green 26 | 4139 | 26 | 41/39
time(sec)
150
Yellow
fime(sec) 4 4/6 4 4/6

0.1 149.4 | 150.0 | 150.4 | 150.0 | 150.7

Vehi 0.2 1534 | 154.1 | 154.8 | 154.0 | 1524

cle 0.3 156.7 | 1549 | 155.3 | 155.3 | 155.5

L0 04 158.5 | 157.1 | 157.1 | 158.2 | 156.1

0.1 430 | 42.1 | 419 | 419 | 419

Bicy | 02 | 534|498 | 496 | 49.5 | 49.4

cle 0.3 645 | 565 | 556 | 553 | 552

04 789 | 642 | 623 | 62.0 | 618

0.1 533 | 540 | 553 | 54.8 | 530

Vehi | 02 | 552 | 542 | 560 | 56.0 | 554

cle 0.3 574 | 573 | 573 | 58.7 | 56.8

04 580 | 588 | 586 | 59.2 | 582

0.75
0.1 325 | 316 | 316 | 315 | 315

Bicy 0.2 39.1 | 368 | 36.7 | 36.6 | 36.5

cle 0.3 4777 | 422 | 418 | 41.7 | 415

04 56.0 | 47.0 | 46.7 | 464 | 462
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(Table 5) Average delay
(W/ RTOR, bicycle 300 vph)

c lBfitcycle Delay(s/v)
ps | Sate leftturnl o, s | wz | wz | wz
gory |valume | T35 %6 | 9 | 12 | 15
0.1 157.7 | 156.8 | 157.3 | 157.2 | 155.8
Vehi 0.2 160.8 | 162.6 | 162.4 | 162.2 | 162.4
cle 0.3 163.1 | 163.5 | 164.4 | 165.9 | 163.8
10 04 163.5 | 166.1 | 166.9 | 167.8 | 166.1
0.1 476 | 43.1 | 428 | 428 | 427
Bicy 0.2 90.6 | 53.7 | 49.9 | 49.6 | 49.5
cle 0.3 4043 | 788 | 57.1 | 559 | 55.7
04 7434 1 160.5 | 65.1 | 622 | 612
0.1 587 | 59.5 | 585 | 609 | 57.7
Vehi 0.2 646 | 63.1 | 61.8 | 654 | 62.7
cle 0.3 65.8 | 68.1 | 67.7 | 69.8 | 65.0
075 04 67.7 | 702 | 71.7 | 722 | 700
7 0.1 350 | 32.8 | 32.6 | 32,6 | 325
Bicy | 02 | 530 | 399 | 384 | 383 | 382
cle 0.3 1432 | 494 | 437 | 43.1 | 428
04 3564 | 647 | 489 | 476 | 47.1
(Table 6) Average delay
(W/ RTOR, bicycle 500 vph)
c leitcycle Delay(s/v)
DS ate | left-turn W W W W W
gory | velume v Y s
0.1 1642 | 1642 | 1629 | 164.1 | 161.8
Vehi 0.2 165.9 | 168.6 | 169.0 | 168.9 | 167.5
cle 0.3 164.2 | 168.7 | 170.8 | 172.3 | 170.8
10 04 164.0 | 167.3 | 173.8 | 176.1 | 175.4
0.1 709 | 46.1 | 453 | 452 | 45.1
Bicy 0.2 5903 | 760 | 526 | 51.7 | 513
cle 0.3 1083.9( 3854 | 63.5 | 589 | 579
0.4 14183 7324 | 89.3 | 70.1 | 64.6
0.1 640 | 680 | 656 | 658 | 66.3
Vehi 0.2 732 | 739 | 740 | 72.5 | 68.0
cle 0.3 68.7 | 789 | 81.1 | 84.6 | 79.3
075 04 65.1 | 754 | 87.1 | 894 | 86.2
0.1 427 | 346 | 340 | 339 | 339
Bicy 0.2 231.7 | 465 | 39.5 | 389 | 38.7
cle 0.3 758.6 | 134.1 | 459 | 442 | 43.7
04 1087.9| 404.6 | 547 | 502 | 484
2ol 74, AHA wEF 100TH/Al, 300TH/Al

oAM= th7]g3te] 2710 wE

t o2 ushgt dE &

A A2l W7t gl

AHA @Eol

100th/Al0]2 235 1.0 A5, Asak AA7F
158.5 X/l A 156.1 Z/hE Vel 2 A2 s}
7} A9 Itk 18U Table 6914 BE0], A4 A
WFF 500t/ Aol AHA FH3) W nETF HEo]
=2 03,04 9 2NN AFaF A7} ekt 27}
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%l 6}% ARAAE 2 G A tj7|sta o] F38}7]
IEOM t7)she AR AL 27}l w
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A7} ZAs . =35 a77F ge A
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(Table 7) Average delay
(W/O RTOR, bicycle 100 vph)

Bicycle Delay(s/v)
left-turn

DS |Category| oo wz | wz | Wz
flow 6 12 18
0.1 1516 | 1517 | 1515
. 02 | 1546 | 1547 | 1545
Vehicle |3 1566 | 1565 | 15438
o 04 | 1576 | 1586 | 1573
' 0.1 20 418 417
Bl |02 491 489 481
e o3 55.6 54.1 540
04 625 605 603
0.1 543 543 555
. 02 569 571 575
Vehicle 53 571 598 590
0.4 589 60.7 582
075 0.1 314 312 310
Biovele |02 36.1 3538 354
e o3 407 40.1 40.0
0.4 432 431 429

(Table 8) Average delay

(W/O RTOR, bicycle 300 vph)

Bicycle Delay(s/v)
DS Cate left-turn
gory volume WZ WZ WZ
flow 6 12 18
0.1 158.2 158.4 158.1
0.2 161.6 161.7 161.8
Vehicle
0.3 164.8 166.0 165.9
o 04 167.1 168.0 168.1
' 0.1 428 425 420
Bicy 02 50.8 483 480
cle 0.3 75.1 52.1 51.8
04 157.1 57.8 57.4
0.1 57.6 59.0 58.1
0.2 66.7 66.0 64.2
Vehicle
0.3 67.7 67.9 68.7
04 71.0 69.9 73.7
0.75
0.1 323 32.0 319
Bicy 02 36.7 359 356
cle 0.3 454 38.6 384
04 60.4 42.1 419
(Table 9) Average delay
(W/O RTOR, bicycle 500 vph)
Bicycle Delay(s/v)
DS Cate left-turn
gory volume WZ Wz Wz
flow 6 12 18
0.1 165.4 165.8 165.7
. 0.2 170.5 171.8 171.0
Vehicle
0.3 172.8 1733 173.3
L0 04 172.9 178.6 179.3
' 0.1 453 449 445
Bicy 0.2 72.1 484 48.2
cle 0.3 382.2 544 54.1
04 726.1 63.3 619
0.1 72.6 674 67.2
. 0.2 78.8 77.1 77.6
Vehicle
0.3 77.1 81.6 82.8
04 77.4 82.8 87.1
0.75
0.1 342 334 33.1
Bicy 0.2 423 34.6 343
cle 0.3 129.8 39.1 38.8
04 397.8 420 41.6

Vol.15 No.5(2016. 10)

The Journal of The Korea Institute of Intelligent Transport Systems 49



Hook-Tumn S&&tAle| MY XIHA thr|s

b 37| AH™of e d7

ARA ] 2 AN, FYT 21 o RTORS &

) < AlA &3 AR AAHTE 2A
b7k A2 yehytth 22 F719] ti7]
&{ko] A%k RTOR #&-+o mehA o753t
Z 3} Zol7} b=, RTORS HH &5 4§ F
A 2ol AA 7] g3te] ARz 7H o &
of ti71sk= AMA 71 S7Fste] ti71E ¢ dolr
a;,}opq ZutaeA A 7ko] A o] AAA AA7} 7+
& E g Qltk o] Bgolle AA wEFol e

S e st 24 Ao At

il

—|—'

ATA e foll AXE A o83t T

of We At AHA AR o) S
FAHOE AZH] Aol 57 W57 1A o

2 HAd 7 BEE RaE F Jde AU ¢
2wl ']*Erévﬁrﬁ.(One—way analysis of variance)E A}
2 43939t} 182 Hook-Turn =3y
e 74"5174 A4 o7133e 2715 AR

o8 ok Y Y Hurs
3|5+ Duncan®| T+ 9 AAM S 2 &38to] 57

]*}Cﬁr/} 01315]' AL BAEAEZ

1) AMEA X2l SAX HE

3% 109 2AA AHA AA el g FAH
AFAN} AFAA Y M2 Y Johre] BF Ade
<Table 10>} 2T} £ Aol x] 2zdA e} xpeke] A
ApolE AFs] flsted A9 /M-S v ok

AR 7133 3719 2 A|Ae) ZFol 7} gl

7 - o187k 37700 2 AF 9 Afel7} 9l

RTOR % -§-9| 75‘-‘% }2474 W5 100th/A 0]

3 3 A vgo] 018 AE AL Fo3E
o] 0.05ET} ZfobA %’4 MaE 7148k Qo o
2 ARARF ] AL HE AL gREEe
v%—@ww tﬂﬂ%{M A717F AEAL AA
2 et
RTOR Hl@ o] A%, AHA nF

o E
o

[e)

2Fo] 300th/A

oldolal A3 mlEo] w2 7
J

SHEo] 0.05ET ZtopA 71%57Hd

(Table 10) Statistical test result
(DS=1.0, bicycle)

Left- Duncan same group
Cate |Bicycle| turn p- category(waiting zone)
gory |volume| volume |value
flow lgroup | 2group | 3group
0.1 10432 N/A
100 0.2 10.000 3 6/9/12/15 -
0.3 ]0.000 3 6/9/12/15 -
04  10.000 3 6/9/12/15 -
W 0.1  ]0.000 3 6/9/12/15 -
300 0.2 10.000 3 6/9/12/15 -
RT 0.3 10.000 3 6/9/12/15 -
OR 04  10.000 3 6 9/12/15
0.1  ]0.000 3 6/9/12/15 -
500 0.2 10.000 3 6/9/12/15 -
0.3 ]0.000 3 6 9/12/15
04  10.000 3 6 9/12/15
0.1 ]0.898 N/A
0.2 0.140 N/A
100 03 ]0.138 N/A
04  10.068 N/A
W0 0.1 10.264 N/A
300 02 10071 N/A
RT 03 10.001 6 12/18 -
OR 04  10.000 6 12/18 -
0.1 ]0.394 N/A
0.2 10.000 6 12/18 -
500 0.3 ]0.000 6 12/18 -
04 10.000 6 12/18 -
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(Table 11) Statistical test result
(DS=1.0, vehicle)

Left Duncan same group
Cate | Bicycle | -turn > category(waiting zone)
]| I
gory | volume V?]E‘I,IVI ¢ value 1group | 2group | 3group
0.1 |0.956 N/A
02 |0.741 N/A
100 0.3 |0.870 N/A
04 |0.686 N/A
w/ 0.1 0811 N/A
02 10870 N/A
300
RT 03 0412 N/A
OR 04 |0.125 N/A
0.1 |0495 N/A
02 10230 N/A
500 03 ]0.105 N/A
04 [0000] 36 |91215] -
0.1 |0987 N/A
02 |0.995 N/A
100
03 | 0457 N/A
04 |0.733 N/A
WO 0.1 ]0973 N/A
02 ]0979 N/A
300
RT 03 | 0.653 N/A
OR 04 |0.704 N/A
0.1 10970 N/A
02 10717 N/A
500 03 10928 N/A
04 lo000] 6 [ 1218 ] -
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(Table 12) Optimal size of bicycle waiting zone

Bicycle Bicycle _ Optimal
Category | volume left-turn waiting zone size

(vph) | volume flow | DS=1.0 | DS=0.75

0.1 3 3
02
03
04
W 0.1

02
RT 300 03
OR 04
0.1
02
03
04

100

500

0.1
02
03
04
0] 0.1

02
RT 300 03
OR 04
0.1
02
03
04

100
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