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ABSTRACT

PURPOSES : This study proposes a novel method based on microscopic simulation models to evaluate bicycle passing ways in mixed traffic
flow conditions at signalized intersections.

METHODS : Both operational efficiency and safety are taken into consideration in the evaluation. A widely used performance measure,
delay, is used for evaluating the operational efficiency. Regarding the safety evaluation, surrogate safety measures (SSM) to represent traffic
conflicts and the level of crash severity, DeltaS and Max.DeltaV, are applied in the proposed method.

RESULTS : Extensive simulations and statistical tests show that an integrated bike-box way is identified as the best in terms of operational
efficiency and safety.

CONCLUSIONS : The proposed method and outcomes of this study will be valuable for bicycle traffic operations and facility design.

Keywords
mixed traffic flow, bicycle passing way, bike-Box, VISSIM, surrogate safety measures(SSM)

Corresponding Author : Oh, Cheol, Professor International Journal of Highway Engineering

Department of Transportation & Logistics Engineering,
Hanyang University, 55 Hanyangdaehak-Ro, Sangrok-Gu,
Ansan-Si, Gyeonggi-Do, 426-731, Korea

Tel :482.31.400.5158 Fax : +82.31.436.8147

email : cheolo@hanyang.ac.kr

1. M2

A o) LEPAS ATh HAYYPS BE
SAAZ W A&7 Aoleks SuolA A ol
9o HMESTe] 27 £ ek, ofo] R =
WIFAYY ATOR AAA ol B AT
A5t gl ol ute AHAA§A7 WA Z7behan
glom AAAERE| g E Seju FAoltt A
AA A RGN BEA F7hska o, T

http://www ksre.or.kr/
ISSN 1738-7159 (Print)
ISSN 2287-3678 (Online)

e AL A BEAAA Qe s
oleh, T3t AMALEE W A wEHAAL A7)
28 ofelsto] AFelT ok, AAARR Qlmate) U
dg AA712e vrelEo] gou A7 mEeds
BAF 712 9 A7 vjoks Agoln, AAAERe
74 W A4 e BEAR 9F] kol
olth, B3], A A wERO} 4AA LERTF EAfe
L aAzolKe] SR, A5ee S3 Belg AT

o
Hl
H-|
Hu
1o
B
i
AHO
it}
E
N
]
>
o
fob
-
N
a



22 P ER] EYsH 487 AGERIE 4
W

HeA AHA EATE FEsHe AAolu ol uhet
AA - B, A - o] W3] Wy

SPRE
Aegzrel A%
stol WEALT S0l & Aol WA AHAL 3
A2 Yo A BANYHEE B B
podon A YURES HAst] o83 9]
ok et oloh 2o HEE B} 4 AL
4

58 A7 AW o154 o "dé*é—% Zﬁﬂ
7

=
ik
i
:L
g
_,>i
_>d
)
N
FO
o mlm

’?}%E} P?—Z_Pol ﬂx}iﬂ]/ﬂ% 7} izl EX

YA H7PHES AlABEL 71| SISt
L2 F7HE skl

2 A9 280l = Atz Ao AA AR
24 9 AR o8 A wAtR ot Asgo &
g =u-9 7EEdS EsoH, 3FME &4
Me 9 Agele AA|, 2AAHES AT 4%
M= Algdlolde Bt Alenatzo| A A A F
FAe] EFaed ® A E242HE AL

SUAFROA O] ZHA ApILEA Y
g ok ASgoll wet =
-Q)of| A AAIE AFE AAISHA
LFE(2007) 5 A SHAA ZAIR Azt
29 AHA ALl kS mAe GRSl HEt
A AlEsginh walE FHAE B
SAYReR AAste] LolEal Ay
AEH(2008) 52 AR A2 O A BAYSE A A AbaL
Abgol gk A 2 AFEARE Ao tEtE
AR S o] gsto] AAA AFLGE EA Y
%t} Kim et al.(2007)2 AP A%

AAC|GA AL Z o] PiFa v A= 890 T
2R Y-S o]-gsto] FA5H

Chong et al.(2010)2 R HRF-PHAA, A -2=F
T2 A HAE Sl AMGARE 0]&5to]
FAHO] FEARL TR &I AR At e S
Foleh SfrezolA AATE Aloj7t glokd s
o] F7ke Aolm AlaLflo] Atk A2 AlAlS
t}. Carter et al.(2007)& natgE EAL 183t 3
95 o]&5to] A o] gAE IR wAR
AR #E 7kl

o] Z<8(2005) &

C o o
:|

O

=0

Ho

ol X2 oz & Rl oM

Aoul, AHH3 4L 9
A= AsAEgo] AI7HE 1,200, A2 B&EE

50kphs AASHATE EFE(2007) 52 AHdA -84
7 WARE QP FeeE 4 Sl AITHE AmAA

b, 2AEEARY S)& A ol 887t B @A

A A A o] &AL HEA | wet B4 s
32 AV olA Edsh= FEl(Stopping), F3F2
452 dl= JH(Riding), AHAAE B3 7= 3
B (Pulling) 2= &ty FdEE 2 oA
£ o]&5to] FamMATE 9 2AEAATE A4S W E
S AT 2FE(2008) T2 wALR A A A 9
At Ao R A1 & YA AR4l T4 23]
o] o]Fojx = ‘Hook—turn’ AAIZS Aotstg o, 7|
Z9] A 179 AT Gl oA AA aLgo] v A
= 93-S 1 AT LGRS AlAIsHI T

Shladover et al.(2009)2 A%17 ©]§- }—% f1etk Al
SAFo R o wE AHA o] gAY 1
121 o L e s e | D P B 4 TEEY
o|-gsto] ATHAIE AFESHSITE Rouhieh
and Alecscandru(2010)- 2Fega} o]-g-x-9] b/t
FedS AT 5 e AR PHES A
t}, Neural-network modelS &3 Z3A1&, A=A
5, ARAAAEFY 37HA AT HAAE )
Koorey and Mangundu(2010)2 Zd 79t dukate
o] Agtom A7) tr|d R QI AHA m2gHA
ol ko] AT AT uatz FHO ZHA Al
Ao w2 AFYeE A5 A A =29 AARE
= AAlsHoit,

7|EQFN A= Ao

=) =
Z‘—]IT_'TE

Azol Mol A7 ApAE

146 International Journal of Highway Engineering - Vol.14 No.5



o

[

2

=)

gl

_|>i

™

X

)
2 Kl oolo Rl oret ot
- W H 2k >

o Ol'm

o i 1>

> 2 o
Bl
1o

i) r_lo

rE of Kl
ol
o

l'N' O_>E

N We

2
of
|
>
R
L
~
o
i
O
o)
iy
(lok
o

o Kl

—‘:‘—l‘ol-m

o
1>

o
)
)

41 10

tlo k!
2=
U
=2
o
1o
r'O
2
O
i

2 o
i)

Am L of

Y
ol o

BN
HT oo ox o S

fr
N k
U i
t =
L ol
o ot
2 ok
ied) it
rlr b=}
riol
= > e B
o =2
% o gu = &
i 2
= :(m K rlﬂl
> X ox
i [e] -
>k ll.ﬂ_] Ao
P > lo
L -~ N
R T N
o o . ofr
LN o
X oy
to Lo gy oy
[o ofmt ofm

Wl Axs 7t
T

Establish scenarios
|

Le—

Bike-box W ‘ Left-turn lane ’ ( Existing
amendment

! T )
¥

Build up networks in simulation

]

Evaluate 3-scenarios

I
¥ v

Operational efficiency ] [ Safety

[ J
¥

Draw conclusion

—— e e—— e——
) S ) S

Fig. 1 Proposed Study Procedure

YUY A7} BPLEL
15.19kph® =25t ASANE Eg2 15kphs
AR FH&En Qs Fig. 2014 552
Kol HEwsts AAsen, S4E $Eo) 7|SE
AZE Table 1014 AAISHATH S, TapAlo) A
HAY LE1 QgL LARAA o2l “RIFTEEN

!
it

& AAA 9 FFEE 15kph7t AAAL AAY Fa4:
Zehe AoA 2Relete] WHstely] wite] & A¥A
2 w23 15kphd] FAEEE S Aoz gk

e,

=

Speedikph)
5 =

lteration 3 === lieration 4

1 = lteration 1 = = [teration 2 lteration 5

L) 0 40 60 L1 100 120 140 160 180 20 220

Time(see)

Fig. 2 Bicycle Speed Profiles

Table 1. Descriptive Statistics for Speed

Travel | Average Descriptive statistics(kph)

| time ) | Average | Mex | Min
1 1.48 352 15.16 171 5.7
2 1.52 367 15.06 17.0 4.8
3 1.49 356 15.10 16.9 6.7
4 1.51 360 15.09 17.3 5.3
5 1.48 350 15.21 17.2 4.6
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Table 2. Simulation Conditions

Vehicle Bicycle note
Number of lane 4 2 Two way
Width of lane(m) 35 1.5 one lane
Design speed(kph) 50 15 reference (10)
Length of vehicle(m) 5 2 reference (7)
Design acceleration(m/s2) 45 25 reference (8)
Headway(s) 0.5 1.2 reference (8)
Volume(vph) 300 / 500 50 v/c=1.0
Length of bike—box - 5 reference (19)
Length of access link(m) 300 -
Rate of turn—vehicle(%) Through : 55%, Left—turn : 40%, Right-turn : 5% -
Simulation time(s) 3600 -
Number of iteration 30 -
SA\\3 A\ h N
9s 16s 16s
3s 2s 3s 2s 3s 2s 3s 2s
Yellow| All-red Yellow All-red Yellow All-red Yellow All-red

(55 Bike, Vehicle)

Fig. 3 Signal Phase and Timing

(a) Scenario 1

(b) Scenario 2

(c) Scenario 3

Fig. 4 Left-turn Passage Scenarios
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%, AAHEAD FtAA, AAZ 100mTH7E FHatAl  of7F F3lEkHA] o= Ao =EEHSIH o *Yas
A, DeltaS, Max.DeltaVe 4932 0.0002 Z+ A ZHojA mEFo] 2L AL 34 E3h4of o
AldeE| e SA14 2}017} FofRt Aor =EEQY 7 2 AU fofulRh Zol7t gl Aoz SiAE
Ty AR A, +Faede AAUEYS 2 o vkl 9P #3£9] DeltaSet Max. DeltaVi= A
WAHZ 100m BHE Q) ZF oeholl g Fat o) Hezh A yeled [fou|e Abol7t Qe A= Y, ZF AL
Table 3. ANOVA and Post-hoc Test
300 vph 500 vph
ANOVA Ssquurgrgfs df S’Z:S:pe F-value| Sig. ;Uun;rgg df S’é'ﬁ:?e F-value| Sig.
B/W groups | 969.570 2 | 484785 | 81268 | 0.000 | 78123.049 | 2 |39061.525| 50.359 | 0.000
A‘é::ge Within groups | 518.978 | 87 | 5965 67481.950 | 87 | 775.655
Total 1488.548 | 89 145605.000| 89
Average Delay B/W groups | 1378.515 2 | 689.257 | 19.564 | 0.000 |27362.659 | 2 |13681.330|213.084| 0.000
(Intersection | Within groups| 3065.110 | 87 35.231 5585.955 | 87 | 64.206
100m) Total | 4443625 | 89 32048615 | 89
B/W groups | 7.614 2 3.807 |432.485| 0.000 2.237 2 1.118 | 311.686 | 0.000
TTC Within groups| 0.766 87 0.009 0.312 87 0.004
Total 8.380 89 2.549 89
B/W groups | 92.818 2 46.409 | 445.781| 0.000 18.875 2 9.438 | 191.786 | 0.000
DeltaS Within groups| 9.057 87 0.104 4281 87 0.049
Total 101.875 89 23.156 89
B/W groups | 45.478 2 22.739 |527.604| 0.000 12.682 2 6.341 |307.836| 0.000
MaxDeltaV | Within groups| 3.750 87 0.043 1.792 87 0.021
Total 49,227 89 14.475 89
300 vph 500 vph
Post—hoc test ) Subset for alpha=0.05 ) Subset for alpha=0.05
Scenario Scenario
1 2 3 1 2 3
| 57.1637 | 122.545
Average Delay Il 51.1150 I 142.917
Il 49,5526 [ 192.688
Sig. 1.000 | 1.000 | 1.000 Sig. 1.000 1.000 | 1.000
| 59.5100 | 50.387
Average Delay Il 52.4967 I 77.973
(Intersection 100m) ] 50.3433 ] 92.418
Sig. 0.343 | 1.000 Sig. 1.000 1.000 | 1.000
| 0.7233 | 0.808
TTC Il 0.1830 I 0.593
I 0.8553 1] 0.979
Sig. 1.000 | 1.000 | 1.000 Sig. 1.000 1.000 | 1.000
| 1.9350 | 2.078
Deltas Il 4.3693 I 3.185
Il 3.5953 [ 2.478
Sig. 1.000 | 1.000 | 1.000 Sig. 1.000 1.000 | 1.000
| 1.1760 | 1.198 ? ?
Il 2.9070 I 1.307
MaxDeltaV
I 1.8783 1 2.043
Sig. 1.000 | 1.000 | 1.000 Sig. 1.000 1.000 | 1.000
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Table 4. Result of Operational Efficiency

(a) Average delay per vehicle in whole network(s)

300 vph 500 vph
Scenario 1 Scenario 2 Scenario 3 Scenario 1 Scenario 2 Scenario 3
All Type 57.2 511 49.6 192.7 142.9 122.6
Car 58.8 51.2 495 207.4 151.5 129.7
HGV 60 53 52.3 218.2 158.6 136.2
Bike 473 50.2 49.8 473 55.2 49.8
Aspect of all type 8 2 1 3 2 1
Rank -
Aspect of bike 1 8 2 1 8 2
(b) Average delay per vehicle at intersection (within a radius of 100-m) (s)
300 vph 500 vph
Scenario 1 Scenario 2 Scenario 3 Scenario 1 Scenario 2 Scenario 3
All Type 59.5 525 50.3 50.4 924 78
Car 61.6 52.8 50.4 424 741 60.6
HGV 62 53.8 51.6 20.9 35.9 21.6
Bike 46.8 50.4 49.8 10.4 23.1 30
Aspect of all type 3 2 1 1 3
Rank
Aspect of bike 1 3 2 1 3
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Table 5. Result of Conflict Analysis

300 vph 500 vph
Scenario 1 Scenario 2 Scenario 3 Scenario 1 Scenario 2 Scenario 3
_ Bike—Vehicle 6.3 19.3 8.9 4.2 73.9 6.1
oke read | Bike-Bike 8.3 6.8 19.4 25.1 86 252
Total 24.6 26.1 28.3 29.3 825 31.3
Vehicle—to—vehicle Conflict 51.7 51.1 15.1 218.9 303.7 141.2
Number of conflicts(All types) 76.3 77.2 434 248.2 386.2 172.5
Table 6. Result of Surrogate Safety Measure(SSM)
(a) DeltaS
300 vph 500 vph
Min Max Mean Variance Rank Min Max Mean Variance Rank
Scenario 1 17.36 1.93 5.94 18.5 2.1 4.2 1
Scenario 2 14.88 4.37 5.46 15.4 3.2 57 3
Scenario 3 12.65 3.6 6.63 14.5 25 49
(b) MaxDeltaV
300 vph 500 vph
Min Max Mean | Variance Rank Min Max Mean Variance Rank
Scenario 1 16.44 1.17 3.33 16.7 1.2 2.4 1
Scenario 2 13.05 2.91 3.12 14.8 2 3 3
Scenario 3 0 6.59 1.88 1.88 1.7 1.3 1.5
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