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ABSTRACT
PURPOSES : The purpose of this paper is to develop a methodology to estimate level of service of arterial including Exclusive Median Bus

Lanes.

METHODS : On 6 Exclusive Median Bus Lanes routes in Seoul, bus travel time and number of bus-stop per km were investigated. Also
whether or not passing lane exists at bus-stop was checked. Based on the data from sites, bus travel time was estimated according to length of
segment, number of bus-stop per km and whether or not passing lane exists at bus-stop.

RESULTS : A bus travel time table was developed according to length of segment, number of bus-stop per km and whether or not passing
lane exists at bus-stop. After bus travel speed and passenger car travel speed is estimated based on each travel time table and length of segment,
two speeds are combined with weighted average speed using traffic volume of each lane group. Then weighted average speed is a measure of
effectiveness of arterial including Exclusive Median Bus Lanes.

CONCLUSIONS : It can be concluded that the proposed methodology can estimate level of service of arterial including Exclusive Median
Bus Lanes considering the operation characteristics of Exclusive Median Bus Lanes.

Keywords

exclusive median bus lanes, bus travel time, bus-stop, passing lane, weighted average speed of traffic volume

Corresponding Author : Cho, Hanseon, Research Fellow International Journal of Highway Engineering

Department of Transport Safety and Highway, The Korea Transport Institute http://www. ijhe.or.kr/
315 Goyangdaero, Ilsanseo-gu, Goyang-si, Gyeonggi-do, 411-701, Korea

Tel : +82.31.910.3152 Fax :+82.31.910.3235 ISSN 1738-7159 (Print)

E-mail : h-cho@koti.re kr ISSN 2287-3678 (Online)

1. M2 Al 9 AZH & 6570 2t 9% 170.9kmE 295
AEAlE 200490 dFg Arlx et o5 & oy SAHAHEARY B ofF HAFAE Kol

g disiEold BASHE BAoR HAAA Y MHA 3 glo] 2011 F 447H 72F, 594 101.0km=E &

AR B SIS AARS EYS AL e 5k Eol SRR ) o

B, 2UFAlE 4715, A% 36.1kmoll EElGd A 4S5 EeEEE, 2008) T =G4 H oA
20l 20120 1271 =, ¢ 115.3kmz 2} S B7HAA S A olojA FYHAHEAEE A&
ek, B ZFRHEANEALRE 2004974 AL 2 SR AWoltk, o]k SYMAARARE st

=285 =27 - Ml153 M55 135



o 283 BALE AUE A Foprha gont 3
HZAG AR TR §3F 2 AR|ASE BANY
o]

of nkRIE o] 914 gfok o] AMe] <Ayl Tt o

S
o
2 oo
=
>
o
S~
i1

é O
Hul
ol
op
i
M
1%
o
i3
SE
_>|:
=

C2gaFHe (MLTM, 2001)0 =A] 9 w7k
2O &5 9 Au|Aaes BEAHO| A4

= =
L FYANLAGRRY GF D AL
] Qlo1Al 71 &3t

r\l

lo =
H1

o T > W X N off 2 |d

Moo

_l

do dr =
> %o
oZ

=

NI
=
i
of
ol
©,
o)
ox
tlo

i

[

>
Of

o

o
e
o rlr
H
of
e
i)
et
+
s
i
N
e
2
lo
fru

HUoro v oo mo hu
1o
oo I
ol
g
>
E3
>.
>.

AN
s
b
&3
i
HN
op
ﬂ
o (I

p

ofo
ot
e
0
=

|

>.

N

L -
£

ju)

=
E
o
e

i3
i
<
o

)_Jr’
lo
u
QL
)
o
ol
i
[>
o)
ofo
_);1_4’
it
1o
Am
T
o
=
orr

o
2o 4
A
olN
o2
=
2
oo
_>|~l_g

Hu
N
e
P
()
Py

k1

Hu

il

H1

[> wa

1o
o
2
H
fu
1o
ob
~
10
Am
-
ot
of
A,
28
k=1
0,

oo
T
lo

et
R
o

S ox =z
o T oob e =
r{rxggzo{g
LRI
r‘“F\XO{NErN
R E 2 A g
oo EE

D o
S rﬁmi\ﬂi
A ® 1o
N e
o
wmy ol T
S
x
1:1[4_\1\_‘
o
H
]

o ok

fu
Homo m® aln e RO

I=)
[>
of o
4
o3l
=
iy
e
_>|~l_‘,
fu
Jo
—d
N
=z
[>
1o
S
o2t
>
=
=2

Itt= Aotk ag8joz ulka}R o

=)
tlo
©
oo
ol
o,
Pt
R
[
)

o
_);j_:
U
=2
=
%
>
rr
-
()
iy,

o} @A3 Thed me AvaEet HAHgAEe &
FEHE AT R, FUMANEA R §
W OAH AR AL SlAE olett SAEAS U
=) wefstofof & Aol

AT AL FYHAAEHE 2o FFL u]A
L 0SS Torslo] o} §3F W Au|ASE BA
Aol MShe YFOR FYNAAGHREY G 2
AH| gz SAPES e Aol

8o U AulasE BATHE glon B dTo
A Lo Ads AFoR ‘B4 W meZE
2o o 9 AulAE EAYET BAATE 4
£3) BoRN FYNLAEHE] §F L Au|2s
E SAYHOIA efslor & R01S B MR 3
o ER FYNAAGAE §F D AuAsE B
e paE Avs 233 A A WA
AR LAERA] B AT 972 AR
17 gt

Ae] 2] 0 RORAER" Aul
SE SAAA] T PR 0 HARERE B4
o] 9)

=
L ARES FHOR PES Hig et

211, 12 - EAod ZME2 9| B

AEl2gF B7E FO Y OR BAYA HHERY
A9k F AL HaASA Wsta, hgERe) BE
sEo] S 4 U VAFEREYR A
£, kn3 ABIAES B), LEEACHSE kph),
HYAUE 5) D FANLHE 5 FABE 25
Wtk FYH2AGHEI AAH RS M| 2
E BAS RIAE of BN QuEat ohe)
HAREAR 75k, egad Fo| 2 B4S
& 2Ab SR slok & Aolth,

21.2. 28 : =R R 2F

HHERO 715, AASE D BRolde] nret 3
TR}, 7153 Aol ek B e £

o
of ol wet HRalA Het ARz 7]
Fo WA, FUHA, AFACR EREH, /)%

136 International Journal of Highway Engineering - Vol.15 No.5



o HEARs)
ZHANLAGHE 250 9T

et HAERY 5

ol el wis

<0l 1t
grelofof & Aot

)
s
HT
Hu
s
1%
lo
N
M
ue)
1o
rlr
-
)
rE
W
Y
Hu
-3
>
o

2.1.4. AT ABAIZE A
w239 A LEFo| o

HojA] Fays

ox
1
s
ox

4

a
AL
i
=

N I

A
=
=
Y
1o
of,
ot
2
lo
&y
I 2 o
o2t
b
HT
rlr
oy
ot B -

o™
o '+
=
-z
=)
| e
=
s 5 b
o (&
M
o )
= >
r_c\;ﬁ ETT“
— O
L
L
Ao
o,
2 U
1o

o
oL
rir

o

SETELT L
m[m o= -
YL
91:,L r>~
Brom o
H-l ol[‘{
Lo o
o it
Moo
o <

N

N

e

O

S

09:',

>

r\l

A=)
Eni

e

o
[‘10_9.,»

)
=
i
fru

& ol
EY
of
oy
A
H

i
4 =
5\
=
=)
e
2o o
H1
rir
;%
o
o
o
[\
2,
o
o
iy
o
)
[>

AX
% 292 20 kel A 2
o}, TR} Tkm ol A9 pREEL ER
jui

£59] 63%~90%=, 7-7H4 0|7} 0.1km ©]3td =
20.2km/h~41.9km/hZ AFEE2] 25%~52%= A A|
ofQltt, &, Aot A48 &= SU5H

s, 371 g

Table 1. Travel Time per Km According to Length
of Segment for Normal Aterials

(sec/km)
Type of Road Il I
Side Friction of
egment (km)| o | Low | High | Low | High | Low
Length
< 041 108 | 86 | 143 | 102 | 178 | 119
<0.2 80 | 66 | 100 | 75 | 119 | 85
<03 71 50 | 85 | 67 | 99 | 74
<04 66 | 56 | 77 | 63 | 88 | 69
<05 63 | 54 | 73 | 60 | 83 | 65
< 0.6 61 53 | 70 | 58 | 79 | 63
<07 60 | 52 | 68 | 57 | 75 62
<08 59 | 51 66 | 56 | 74 61
<0.9 58 | 50 | 65 | 55 | 72 | 60
> 0.9 58 | 50 | 65 | 54 | 72 | 58

Table 2. Criteria of Degree of Side Friction

Type of Road | Il 1]
Side Friction
High | Low |High | Low | High | Low
Factor
No. of Bus—Stop per km| > 2 | < >2|<2|>2|=<2
No. of siproad perkm| > 2 [ <2 | >3 |<3|>4|<4
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Table 3. Criteria of Level of Service for Normal Arterials

Type of Road | Il [If
Ra”giezfdx‘jhf'ow 85~ 75 | 75~ 65 | 65~ 55
gt B

Level of Service Travel Speed (km/h)
A = 67 = 60 = 49
B = 51 = 46 = 39
C = 37 > 33 =29
D = 28 =25 = 20
E > 21 =18 =12
F =10 =10 > 8
FF =6 =6 =5
FFF <6 <6 <5
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Table 4. Study Sites

Wi
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N
—

Exclusive Median|Length| Starting and Ending No.of
Bus Lanes Route| (km) Points Segments
Daewha Satation — 46
_ Severance Hospital
Goyang 224
Susaekro Severance Hospital — 45
Daewha Satation
Daebang Station — 7
Sangdo Tunnel
Norayngjinro 2.8
Sangdo Tunnel - 2
Daebang Station
Dobongsan Station — o8
Seoul University Hospital
Dobong—Miaro | 15.8
Hansung University — %6
Dobongsan Station
Jamsil Bridge — Jangji "
Bridge
Songpadaero 5.6
Jangji Bridge— Jamsil 1
Bridge
Hapjeong Satation— 7
Yanghwa— Ewha University Station
) 5.2
Shinchonro Ewha University Station .
— Hapjeong Station
Yongdu Satation — "
Cheonho- Samil Gas Station
) 7.6
Hajeongro Samil Gas Station — y
Yongdu Station
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Table 5. Number of Bus—Stop per Km, Number of
Stoping Lots per Bus—Stop and Travel
Speed of Study Sits

N
o
B
H1
r{r
>kl
o2
4>
1=
Hu
N
S
o
g
=
S
N
Y
Hi
hY
B L
oo
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< Table 63} o] Syt =7} Fat 33.322 7MY =
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Table 6. Stoppage Time and Delay Time According
to Exclusive Median Bus Lanes Route

Number
Number
) ) Length of Travel
Exclusive Median of Bus— )
of Route Stoping | Speed
Bus Lanes Route Stops
(km) or Km Lots per | (km/h)
P Bus—Stop
Goyang—Susaekro 22.4 1.43 2.62 427
Norayngjinro 2.8 1.89 2.89 26.7
Dobong—Miaro 15.8 1.57 2.24 25.0
Songpadaero 5.6 1.66 3.54 27.7
Yanghwa—Shinchonro| 5.2 1.56 3.50 19.9
Cheonho-Hajeongro 7.6 1.55 2.47 27.0
Average - 1.61 2.88 28.2

Exclusive Median Ave. .Stoppage Ave. Delay Time at
Bus Lanes Route Time at Intersections
Bus—Stop (sec) (sec/veh)

Goyang—Susaekro 19.3 472
Norayngjinro 24.6 33.3
Dobong—Miaro 20.6 52.5
Songpadaero 33.3 77.0
Yanghwa—-Shinchonro 15.4 53.3
Cheonho—Hajeongro 14.6 415
Average 21.29 50.8

()]

1.3. SYHATERZ ME KRS

TP AR 67 =9 S Table 73
o ”é‘v} 71.8km/h2 UEgon moFaMz

s

Table 7. Free Flow Speed According to Exclusive
Median Bus Lanes Route

Exclusive Median Bus Lanes Free Flow! Speedikmh)
Route

Goyang—Susaekro 82.8
Norayngjinro 66.1
Dobong—Miaro 65.8
Songpadaero 747
Yanghwa—Shinchonro 80.8
Cheonho—Hajeongro 60.5
Average 7.8
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23 W E A dlolEe] 2 AT AR wA  TTEEE B AESt] 38 24FHE &3A
HEA A7 QA MAREA B AR ur A APEERRTh el AR R AR 29 3
Aslgla AA Azo] o3t AN} B Aprgx T 4T 0] 0.8kmel 1 dlo[E7E EAYs)
AS AT GoE APHSA N I ATHE Table 83 B2 FUAR T AFAS 19§32 ol &3
o} FPHAAGAR G b PAzke & ARk APk
YRR AR 5 29 A9 AL BE o - |
A BATZE 740] 222 SAZHS HASE Ao Table 9. Estimation Modgl of Trayel Time Each
Type of Exclusive Median Bus Lanes
2 AP E A
Type Model R
) . Without Passing _
Table 8. Travel Time per Km According to Length Lane, Bus-Stop 0| ¥~ 9.0995In(x) + 39.654 0.638
of Segment Based on Measured Data W'th’  Pass
Ithou assing _
(sec/km) Lane, Bus—Stop 1 y = 9.3522In(x) + 9.6343 0.952
Travel Time PREA! Aeeaing Bane] WO PG Lene L\g/:go;tgfsszngz y = 4.5549In(x) + 12.098 0.894
No. of Bus=Stop | No. of Bus-Stop : P
With Passing _
Length of 0 i ’ i ’ Lane, BusStop 1 y = 9.7879In(x) + 11.382 0.833
Segment (km)
With Passing _
< 0.1 83 Lane, Bus—Stop 2 y = 6.8555In(x) + 10.642 0.962
<0.2 85 213
<
=03 4| 198 157 Table 10. Travel Time per Km According to Length
<04 77 164 153 of Segment
<05 62 | 140 135 (sec/km)
=06 70 129 122 T . Without Passing Lane | With Passing Lane
ravel lime
=07 56 132 107 No. of Bus—Stop No. of Bus—Stop
<038 176 124 Length of 0 1 ) 1 )
<09 14 139 Segment (km)
<10 117 <01 AN 374 316
<11 100 134 < 0.2 78 223 198
<12 <03 73 181 N/A 163 N/A
<13 129 <04 69 159 144
<14 124 <05 66 146 133
< 0.6 64 136 175 124 157
<07 63 129 168 118 150
AHGAR 7|kt AP BAE7E 500m :
™ . ;Lﬂ | L:'L ) }EOHL Oq;:: 7WJ_HLH <08 61 | 124 | 162 | 113 145
7 o] &A= 7 Yol
o 249 Aol Edsks 4901 siste LA o5 o0 "o s | 05 T 120
N7 A 7 H z=2
A AANAE 24 500m oA E AXFHEE o <11 59 | 112 | 151 | 103 133
JouE AT 500m Hell 2712] 7ol £ st <12 58 | 110 | 148 | 101 130
+ 5ol dsliAle arefshA] ol E=3F ARt <13 57 | 107 | 145 99 128
Aglo] 2YA27} =Y oz ZAsHs HAHLAR <14 57 | 105 | 143 97 125
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