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ABSTRACT

In this paper, the dynamic hard shoulder running for bus only (HSRFBO) was presented to solve

the traffic congestion by increase the capacity in chronic congested sections of highways, and a

simulation was performed to evaluate the comparison with the current hard shoulder running for all

vehicles(HSRFAV) and median bus only lane and HSR(MBOLHSR). According to the evaluation

results, it was evaluated to be more advantageous in terms of traffic flow and safety than the current

HSRFAV. In addition, the speed of passing buses is slightly reduced compared to the MBOHSR,

but the speed of entering and exiting buses is increased and the speed of buses and cars is greatly

improved. Therefore It was analyzed that the efficiency of transport personnel was also improved.

In particular, it is expected that traffic flow will be stabilized as the difference in speed between

passenger cars and buses will be greatly reduced, and violations of exclusive bus lanes by passenger

Received 2 August 2023 cars will be greatly reduced. In addition, the operation time of HSR is greatly reduced, so that the
Revised 23 August 2023 original function of the shoulder lane can be maintained as much as possible. As a result, it was
Accepted 8 September 2023 analyzed that the risk of accidents was significantly reduced when operating HSRFBO compared to

when operating MBOHSR, and cross-conflicts with high accident severity did not occur.
(©) 2023. The Korea Institute of
Intelligent Transport Systems, Al K€y words : Hard Shoulder Running for Bus Only, Hard Shoulder Running for All Vehicles, Median

tights reserved. Bus Only Lane and Hard Shoulder Running
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Korea Expressway Corporation(2016)= ZHE A2 A &g @3] thdt s FallA 22249 &9 &8
3} Z
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22018 ZAsol| e 7|oste] 1EER o] & AAAFY FEEES TTME T e ZEHAHEAEA
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2. 24 NETWORK &M

AR FE B 4R A AR &Y A SARR ZHAZAE P8 FRE] AA AR D
TE 647l T3 F 370 PR M B HlEE AP QoM AR FE B A2 IR R
e WL AZFE 1AEE AAEGT AASEE BA 100kmh, 9EEZ 60km/hZ 3L o] w2 7}
&322 220m, AR 120mE 28 NetworkS 2 3H T

<Fig. 1>3 20| FYEE 24 L A% AA/PE ELeFUGNA AAE A2 4 e 5 90y
T2he) AFAL THelo] AT FHRo| NEARE A9l B 4 Ao AASTL LA AYAZ
FRol AU FUA WE FAE A AR AANOE BAH of BANE T A B
FAHE FAY WA GZUBFM)0] Aol HER so] Wart AU B glo] FHES 31
o ZEu BE R AAE WARFHANGN BAF B A ol AZUEFo] AUBE &
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<Table 1> Traffic volume (2022 year) (Unit = vph)
Section L(.e;gl;h Lanes (1;;:;1(;5(1) Total Car Bus "?‘i'nuilli 1\1[;?:;11 'I[fru fi
Singal- ;3 g 12 132443 | 102,566 11,510 14,438 3,739 190
Pangyo 24 206,314 156,509 16,571 24,646 8,067 521
Pangyo- 3 " 12 90,802 71,717 11,045 7,068 892 80
Gumto 24 158,589 | 124467 16,383 13,889 3,474 376
Gumto- 12 123,601 100,846 12,314 9,173 1,178 90
Yangjae 68 10 24 206014 | 167,525 17,740 16,494 3,897 358

Data: Traffic monitoring system (/www.road.re.kr)

Korea Expressway Corporation(2016) 7R 0] 2J3}H 9] 24X
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A% &G AL 100kmh AR £ A ookmhE APste] SERH ol FYSE sjo] e

I AE
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2% QA2 B H45 1 HA7)

2 T¥o] 385 o] Mo} 584 A7) W4 57t 0km/h BTk 3H B

€ Ao 2tz T30 SAHES st AR AdEEE AR vl FAE 100km/h, 2t
Az £ Ae vl &9 ART SHEETE A HER A AFEES 98k 90kmhE HH 33
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Mot initialization >—>{ Shoulder lane closed —o{ Speed Limit = 100kph
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e

¥

Vehicles passed detectors Average speed of the vehicle passed dectors

Shoulder lane opened —b{ Speed Limit = 80kph

Speed =90 >—>{ Shoulder lane closed —o{ Speed Limit = 100kph

<Fig. 2> Algorithms of Dynamic Hard Shoulder Running
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<Fig. 3-3} o] ZAAE B o} 7z AAe) AUAEA B FuelE FYsh TG ASF
YA2E QWRDAZAG BT AH2AEAZAYL £92 s 2IHA 4L 0 F87| 0|5
2E T 90 FYREWH ADHT ol §3 FAW WA AANZAGAEA 112G AolE S8R9
2cl 9 FYALS oA AN LALARA £9 A AIALS olfafor Ik Wed 8
R AR A 2% el ST ARE EGIAT ML AdLRgANRA 2 o
Rl met A2 BE AZE FY0] o TAAES sk Bk Teln AAMAAEHEA 2GAT
Aol BAE WAAAIE W27k B Y U AU FAE A FEAEE
Rolg g e Yol ADAZ HAFY) $HAe] RelHES A vulA] Azl =
s st e, Ao Bite] FHERE B SEE Ax 4FY) AX5 o]
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Not initialization H Shoulder lane closed H Speed Limit = 100kph
Y
N

Vehicles passed detectursH Average speed of the vehicle passed dectors ‘

Average Speed < 70 H Shoulder lane opened for bus only H Speed Limit = 90kph ‘

average speed = 90 H Shoulder lane closed H Speed Limit = 100kph ‘

Shoulder lane Opened WElapsed time since ramp queue Detector in < ﬁecWHeaﬂwa}f of Bus Detector = Gap out Ramp Open
‘ Ramp Open ‘ ‘ Ramp open ‘ ‘ Ramp Closure

l l

End

<Fig. 3> Algorithms of Dynamic Hard Shoulder Running

d AR 29 438 ABdold 5 A3 T <Fig 4-Fig 63 2ol FRBL 44
H dae)gel wehd A% o] o LoA Row Yehtth

Shoulder lane closed shoulder lane opened

<Fig. 4> Simulation situation of hard shoulder bus only running

Shoulder lane closed shoulder lane opened

P

<Fig. 5> Simulation situation of median bus only lane and hard shoulder running
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Hard shoulder running

<Fig. 6> Simulation situation of hard shoulder running

AN A GAZA G0 A5 dagFol e F8 SAE AEdelA Ad= et 2. <Fig 7>
< A4 vE£F NE AR e AMela AT E HAo s ZpaAEE TR AAAF T
Wk o] FoA L . <Fig. 8> ALAE G A W2vt bR AAE HAVE FHeAM FZE
A W7hA] w2 S S8 AL AsTo] AN BTk <Fig 9> 19719 M7t IZE Fsto]
Pz ANz Fo] HAQl A9t} <Fig. 10> <Fig. 8>3 o] Ztdxtz HA|E 343 Age] L& FIhs}
7] Aol fz o] th7|AFHA717E AfrE o FZAT T AR et o9 o] AW A AR
+F0 weE FZ vEY dagse] 7EHL dee & F Ak

13290
1350.0
1351.0
1352.0
1353.0

<Fig. 8> Ramp traffic signal displayed red for the bus passing the bus detector
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<Fig. 10> Ramp traffic signal displayed green because the ramp queue detector active
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<Table 2>°4 BYP&LTE BE 2290 glojA AzZwF o] Be4F TJ8a M| go] F718s
2 $8AE B2 WA FYPLET IR AAde Ao eyt 2E Ayg oo A4 dA FE
o] YHEYP&EE AWM AAEAZA 7} 7 AL ZA = FEZWEF 7000h/ A H2H S 15%°
A ASE AL BE AU oA FYHAHNEXNZEAAXZARY A EAHATH

83 5YPEEE A %zh?—_zﬂ UNAAAZA, FYN AN EGAZKALAEA wO2 AasT
TYH A G AZKAAAZA L T2 F SYPHET TA L A= UrEP*E} W2 5&Ess o
Ayl e A Autzkdx 247} 714 Z}ﬂl VeI i ZalEEo] 500th/AIR] BE Aok Az uE ol
700t/ Al0] 2L W 2Bl o] 5% Aol ZHAM A EAZATE 7 FA Uehg . UHA ASe S
2 G AZKIAAZA Y 74 AA el M 58 G mEbA AuEd S H9E P
WEF 500t)/A0)aL W2HE 15%% Aol A AAEAZAYE M A3 UnAe SYHAHNE3)
S2RAAAZAY 744 A Uebgon duibdagAs BE Aol 7 A Yebsth g9
AeE RE AU LA ZHAMAdEAZ2A7E 7P 2 dRRAAZA T 7 AA deRth 1EH
20| 7% Az wEF 700t)/A0]aL HAHE 15%S] Aol TYHAHEXN2ZLAAAZA I} A A3
U A s AW 2d 82247 71 24 Uebseh

-
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<Table 2> Average Travel Speed by HSR Type (Unit: km/h)
Scenario Case Car Bus All | Car-Bus
R\a;ler;lp l::tliso - Pass In Out Sum Pass In Out Sum - -

HSRFBO 92.8 89.9 91.7 92.5 90.9 90.8 87.1 90.6 91.5 2.0

5% MBOLHSR 59.1 58.6 58.0 59.0 94.2 54.7 66.2 89.3 74.1 -30.3
HSRFAV 85.8 82.5 84.0 854 84.9 82.5 753 84.0 84.7 14

HSRFBO 90.9 86.3 88.6 90.4 88.4 84.4 88.3 88.1 89.2 23

Soh(/)h 10% MBOLHSR 423 42.0 43.1 424 89.1 493 59.7 84.1 63.2 -41.7
' HSRFAV 76.9 74.4 74.8 76.6 75.6 732 69.2 749 75.7 1.6
HSRFBO 83.5 72.8 80.4 82.6 78.7 68.7 79.5 78.1 80.3 4.6

15% MBOLHSR 35.5 33.6 35.7 354 75.0 38.6 552 70.5 53.0 -35.0
HSRFAV 60.9 58.3 58.8 60.6 58.8 56.0 535 58.1 59.3 2.5

HSRFBO 913 78.0 89.9 90.1 88.3 71.7 89.1 87.4 88.8 2.6

5% MBOLHSR 572 54.3 56.0 56.9 92.6 54.2 62.6 86.9 719 -30.1
HSRFAV 84.0 80.6 82.5 83.6 83.0 82.7 73.7 823 83.0 1.3

HSRFBO 83.9 74.9 80.5 82.8 80.0 73.1 80.7 79.4 81.1 34

70h(/)h 10% | MBOLHSR 444 422 443 442 88.8 48.0 63.2 83.2 63.7 -39.0
¥ HSRFAV 79.1 75.6 71.0 78.6 77.4 76.1 69.3 76.7 77.6 2.0
HSRFBO 79.8 63.3 68.6 77.6 59.0 49.0 58.2 58.1 67.9 19.5

15% MBOLHSR 384 349 39.5 383 82.2 38.9 62.6 76.7 57.5 -38.5
HSRFAV 49.6 45.7 464 49.0 474 444 432 46.8 479 23

HSRFBO 90.1 84.9 88.1 89.4 86.5 82.1 86.3 86.0 87.7 34

5% MBOLHSR 51.1 499 50.4 509 92.6 522 62.2 86.6 68.8 -35.7
HSRFAV 80.4 71.8 78.6 80.0 78.9 78.2 68.2 78.0 79.0 2.0

HSRFBO 81.2 67.4 76.9 79.4 76.6 65.9 752 75.4 774 4.0

v9eoh(/)h 10% MBOLHSR 43.1 40.3 429 429 87.5 439 60.6 81.3 62.1 -38.4
HSRFAV 71.8 69.3 69.5 71.3 69.6 67.2 62.4 68.8 70.1 2.5

HSRFBO 77.1 59.5 68.2 74.6 64.2 56.0 62.7 63.3 69.0 114

15% | MBOLHSR 334 30.1 34.7 333 71.1 36.0 519 66.5 49.9 -332
HSRFAV 539 51.0 511 534 515 49.9 473 51.0 53.0 24

839t Mo F&T Aol AW A ZA o AN AARZAE $83F £EIF M 54
Btk 34 Yoy I Apolr 34 ¢ HhHe FYMAHEAZ&EIAAZA Y] A e MU S8
Bty 37 ety 1O ztolk AR FA UEigTh mebs] A 2AE AYEtd SEAte BE Y
W20 A= A AHEAZAT FYHAHAEAZEIAAZA BT 25SHAA frEsitty & F
Atk

ZAAAE P FPELE Rpo]= <Table 3>3 o] HA| ApFo] e FPEEE ZAH A LA ZA 7}
TYM A GAZ&IPAAZA BT} 10.0~27.4km/h IA| YERGET, AZbA 324 k= 3.5~16.0km/h ZA]
EAEAT FAHAEAZEAAAZAE GRZPAAEA o vlE] WAZuFF 700tH/A0) 2, HanlE
15%%1 750wt 23 YA = 3.1~139%km/h 2 Aoz el S8k 222y 83249 dut

bt

-
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THER SN UUHANSARH 2YYelo| BE o7

YA ZA 7} FYH A EAZ&E&IAAZA BT BP&4=rF ER TA JeElga ZAHAHAE2Z2A 0T o
HNAAX2A BT A JeElbgEr B 2880 5~10%2 9 BobE 15%2 A 1 zfolrp R A B

AX
A 531 ALA2BGARA B4 02 ADAZEIAY, Holol o1 EAGER, 138N,

A5
AYs8at o m adte] 1Y A9+ 3/ Aol diztAxEA NG &) 2 Zo s BAE
Aok
<Table 3> Average Travel Speed Difference by HSR Type (Unit: km/h)
Scenario Case Car Bus All
Ramp |~ Bus - Pass | In | Out | Sum | Pass | In | Out | Sum | -
Veh Ratio
HSRFBO-MBOLHSR 33.7 31.3 33.6 33.6 -3.4 36.0 20.9 1.3 17.4
5% HSRFBO-HSRFAV 7.0 74 7.7 7.1 59 8.2 11.8 6.5 6.8
MBOLHSR-HSRFAV | -26.7 -239 -26.0 -26.5 9.3 -27.8 9.1 53 -10.6
HSRFBO-MBOLHSR 48.6 443 455 48.0 -0.7 35.1 28.7 4.0 26.0
vseoh(/)h 10% HSRFBO-HSRFAV 14.0 12.0 139 13.8 12.8 11.2 19.1 132 13.5
MBOLHSR-HSRFAV | -34.6 -324 -31.6 -342 13.5 -23.8 9.5 9.2 -12.5
HSRFBO-MBOLHSR | 48.0 39.3 4477 472 3.7 30.2 24.3 7.6 274
15% HSRFBO-HSRFAV 22.6 14.6 21.7 22.1 19.9 12.7 26.0 20.0 21.0
MBOLHSR-HSRFAV | -254 247 230 25.1 16.2 -17.4 1.7 124 -6.4
HSRFBO-MBOLHSR 34.1 23.7 339 332 -4.3 235 26.5 0.5 16.9
5% HSRFBO-HSRFAV 73 2.7 75 6.5 53 -5.1 154 5.1 5.8
MBOLHSR-HSRFAV | -26.8 -26.4 -26.5 -26.7 9.6 -28.5 -11.1 4.6 -11.1
HSRFBO-MBOLHSR 39.5 32.7 36.2 38.6 -8.8 25.1 17.5 -3.8 17.4
70h(/)h 10% HSRFBO-HSRFAV 4.8 -0.7 3.6 42 2.6 -3.0 114 2.8 35
e MBOLHSR-HSRFAV | -34.7 -33.4 -32.6 -34.4 114 -28.1 -6.1 6.6 -13.9
HSRFBO-MBOLHSR 41.5 284 29.1 39.4 232 10.1 -4.4 -18.6 104
15% HSRFBO-HSRFAV 30.2 17.6 222 28.6 11.6 4.6 15.0 11.3 20.0
MBOLHSR-HSRFAV | -11.3 -10.8 -6.9 -10.8 34.7 -55 194 30.0 9.6
HSRFBO-MBOLHSR | 39.0 35.0 37.7 38.5 -6.1 29.9 24.1 -0.6 18.9
5% HSRFBO-HSRFAV 9.7 7.1 9.5 9.4 7.6 39 18.0 8.0 8.7
MBOLHSR-HSRFAV | -29.3 279 282 -29.1 13.7 -26.0 -6.0 8.6 -10.2
HSRFBO-MBOLHSR 38.0 27.1 34.0 36.5 -10.8 22.1 14.6 -59 15.3
vgeoljh 10% HSRFBO-HSRFAV 9.3 -1.8 7.5 8.1 7.1 -1.3 12.8 6.6 7.3
MBOLHSR-HSRFAV | -28.7 -289 -26.5 -28.4 17.9 233 -1.8 125 -8.0
HSRFBO-MBOLHSR 43.6 29.3 335 413 -6.8 20.0 109 -33 19.0
15% HSRFBO-HSRFAV 23.1 8.5 17.1 21.2 12.7 6.1 154 123 16.0
MBOLHSR-HSRFAV | -20.5 -20.9 -16.5 -20.1 19.5 -13.9 4.6 15.6 -3.1

H 20| 9= FZuF ol 500th/ A1) 7372k 700th/ Ao B 2H]E 5% 7ol AW 2 A=A
7b FIHEAEAREAAARART 05~7.6km/h A3, YA Fes SYHA A2 AE2A 7}
0.6~18.6kmh =LA ZAEH AT THH 2 FZwFF 500th/ A1 2] M2HE 15% 355 A2lshd Y

N
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E2 SN AUHANSA2A 2Yuel] et 9P

2R G ZKAADAZAT} ZpAH 2R G2 A BT} 0.7~232km/h FA] YERS T )
2 G AZKIAAZA L AW 2 EAZA BTG AR A YElG T IRbAAEA RTE o 5
A EAEAT AP 2] AeE GNRAAZATE AWM EAZABG T Al TA UERTh

2) I.C 2+ 4km
<Table 4> 4 1.C 7+4 2km<} D]—i]-7].7<] 2 3
21 Wb go] 2842 28t BE
Ugloo] A3 A FF=e] PAEHLEEE
= UEA FYHHEAZ&IPAAZA 7 BEZ0FF 50000/A1 2] H2H]E 5% A5 AY ZE A
oA dMAEA R FA BAE
83 5455 1.C 7H4 2kmeF o) ;\7Eu1 2ASAA, AMRAR DA, T 2A LA 2D
2A w0 FaHy FYN2AEARLALAZAIL e T 2 a o
= AU oA QudxtzAst 74 24 Ve 29k
B2LEF 00t 1e) WM E 15%, AZDEG s00t o) vl 155 %—
27 GAEA Y 718 AA VRS

s

<Table 4> Average Travel Speed by HSR Type (Unit: km/h)
Scenario Case Car Bus All | Car-Bus

R\Z;Ierlllp l:illtliso - Pass In Out Sum Pass In Out Sum - -
HSRFBO 94.7 93.2 93.9 94.6 93.7 91.1 94.0 93.6 94.1 1.0

5% MBOLHSR 62.6 61.5 62.3 62.5 939 68.2 727 90.3 76.4 -27.8
HSRFAV 79.4 78.5 76.9 79.1 779 67.4 73.7 76.8 78.0 24

HSRFBO 87.8 85.5 86.5 87.5 85.8 84.3 85.6 85.7 86.6 1.8

Vse?l/oh 10% | MBOLHSR 60.9 59.0 59.9 60.7 90.7 64.8 752 87.4 74.1 -26.7
HSRFAV 70.6 68.1 66.7 70.1 68.6 63.7 65.7 68.0 69.0 2.1

HSRFBO 87.3 83.1 85.0 86.8 83.6 78.6 823 83.1 84.9 3.7

15% | MBOLHSR 48.8 472 49.1 48.8 76.4 523 64.6 73.7 61.2 -249
HSRFAV 62.6 56.6 56.9 61.7 60.9 56.6 572 60.3 61.0 1.4

HSRFBO 944 92.6 93.5 942 93.6 90.7 923 933 93.7 09

5% MBOLHSR 65.2 63.1 64.2 64.9 93.2 67.3 75.0 89.4 712 -24.5
HSRFAV 77.1 76.2 73.5 76.7 74.6 67.9 70.0 73.6 752 3.1

HSRFBO 93.7 89.3 92.3 93.2 91.6 86.9 914 91.1 922 2.1

v7eoh?h 10% | MBOLHSR 61.0 582 61.0 60.8 90.2 619 73.0 86.6 73.7 -25.7
HSRFAV 67.7 64.7 63.5 67.1 65.4 619 61.9 64.9 66.0 2.2

HSRFBO 834 754 79.3 82.3 78.8 73.0 75.7 78.0 80.2 43

15% | MBOLHSR 524 49.6 534 524 83.0 539 71.7 79.7 66.0 -27.3
HSRFAV 62.8 56.2 57.6 61.9 60.9 56.0 56.5 60.1 61.0 1.7

900 HSRFBO 90.8 88.2 89.6 90.4 89.7 88.1 89.5 89.5 90.0 09

veh/h 5% MBOLHSR 66.3 65.1 65.7 66.1 92.5 67.9 75.7 88.9 71.5 -22.8

120 2ARITSYR|=EN| 223, M52(20235 102)



Scenario Case Car Bus All | Car-Bus
Ramp | Bus
Veh | Ratio

- Pass In Out Sum Pass In Out Sum - -

HSRFAV 74.1 1.7 71.1 73.6 72.1 639 68.7 71.0 723 2.7
HSRFBO 874 83.8 85.1 86.9 85.4 82.5 84.7 85.1 86.0 1.8
10% | MBOLHSR | 57.6 552 57.6 574 88.5 61.1 71.6 84.7 71.1 -273
HSRFAV 67.8 63.5 63.0 67.0 65.8 61.2 62.3 65.2 66.1 1.9
HSRFBO 789 70.3 72.3 715 702 65.1 68.8 69.5 735 8.0
15% | MBOLHSR | 529 48.6 53.5 52.6 84.7 53.1 73.1 80.9 66.8 -283
HSRFAV 62.5 56.2 57.6 61.6 60.5 57.0 57.5 60.0 60.8 1.7

W2 53§ uebs AHEH SHH20 A FAZWFF 500041 HAHE 15%, BZaF
700th/A1 2] M 218 5%2F 10%<] 37FA] 73 %ol gk Wéﬂ%?ﬁ% }ixﬂﬂ 7V A3 YA ZOHHMJ
A R&FVAAZA L 744 AA] e o AR AAEAE B
9] ﬁ%i

m\i
_|_,
o
24
N
N
o>¢
_|>i
X
o ¥
U
N
£
ﬁ
\

BE AU oA bW 2d g2 A7} 718 23 Gukgk
%E WZHF 900t/ A e M28]E 15%% ATt
A2A 7 748 AA JERR T S8Aket M2 %ﬁﬂéi x}OIt— I.C 7t4 2km¢} v}
Az o} RZAARAE S84 £57F W FY&EE Bk 34 UEgoy 1
zfo|7h A4 %‘% WOl FAM A EAZ&AARA Y] A W2t $E&A4RY A e O A
ol 4 ZA Uehgth IC 1t 2kmotE ©E2A 1C 11 dkmolME MASYPLE ZHME 2w~

ABAZA7} TYH2AEAZ&L&ZAAZEA ] vlal] fEg 457 o ‘1%—8— 7A 2 FAEAT

ZAA Apkol| gk Eﬁgé + <Table 5> ZFAH A GAEA 7} SYH A GAZKAAAEA BT} 6.7~
23.7km/h ZA YERY 1.C 748 2km?] ARt 1 zpol7t Za gukzkd h?—JﬂEEP 12.7~262kmjh =LA
YElY 1.C 74 2km 75}%&4 A EAE AT YN EARZKAAAEA = I 2 A o] v]s|
WETF 500041 ] Mg 5% -l 23 Y 2= 02~7.7kmh A YERY IC 7HE 2km 799} RHI 2
e TH

S8aE AW HEREA ) dNAAZA L FYHAAEAZ&LAAAZARYG BALET} v]¢
A Yebga 2 AHE2AZA 7 N AEA BT GA] YERgTth 53] AW aH A2 A 9] A
C 2t 2kmste= 2] 1Y A= BE Ao A ZARTG A4 YERgit

ZaRsy
ZaRs

<Table 5> Average Travel Speed Difference by HSR Type (Unit: km/h)
Scenario Case Car Bus All
Ramp Bus
Veh Ratio - Pass In Out Sum Pass In Out Sum -

HSRFBO-MBOLHSR | 32.1 31.6 31.7 321 -0.1 229 214 32 17.7
5% HSRFBO-HSRFAV 153 17.1 14.7 154 159 237 203 16.8 16.1
MBOLHSR-HSRFAV | -169 | -145 | -170 | -16.6 16.0 0.7 -1.0 13.6 -1.5
HSRFBO-MBOLHSR | 26.8 26.6 26.6 26.8 4.9 19.5 10.4 -1.8 12.5
10% HSRFBO-HSRFAV 172 199 174 17.5 173 20.6 19.8 177 17.6
MBOLHSR-HSRFAV | -9.7 -6.7 92 93 222 1.1 9.4 19.5 5.1

15% | HSRFBO-MBOLHSR | 38.5 359 359 38.1 72 26.3 17.6 94 237

500
veh/h
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Scenario Case Car Bus All
R\fe‘l‘lp ;;‘;,SO - Pass | In | Out | Sum | Pass | In | Out | Sum -
HSRFBO-HSRFAV | 247 | 281 | 265 | 251 | 227 | 219 | 250 | 228 | 240
MBOLHSR-HSRFAV | -138 | -79 | 94 | -129 | 155 | -44 74 134 | 02
HSRFBO-MBOLHSR | 292 | 293 | 295 | 292 | 04 | 235 | 173 | 38 165
5% HSRFBO-HSRFAV | 173 | 200 | 165 | 175 | 190 | 228 | 223 | 196 | 186
MBOLHSR-HSRFAV | -119 | 93 | -13.1 | -11.8 | 186 | -0.6 49 158 | 20
HSRFBO-MBOLHSR | 327 | 313 | 311 | 324 14 | 249 | 184 | 46 185
v7eoh(/)h 10% | HSRFBO-HSRFAV | 260 | 287 | 246 | 261 | 262 | 249 | 295 | 263 | 262
MBOLHSR-HSRFAV | 67 | -26 | 65 | -62 | 248 | 00 11 | 217 | 77
HSRFBO-MBOLHSR | 309 | 259 | 258 | 300 | <41 | 191 | 40 217 | 141
15% | HSRFBO-HSRFAV | 206 | 217 | 192 | 205 | 179 | 170 | 192 | 179 | 192
MBOLHSR-HSRFAV | -103 | 42 | 67 | 95 | 221 | 21 | 152 | 196 | 50
HSRFBO-MBOLHSR | 245 | 238 | 231 | 243 | 28 | 202 | 138 | 06 125
5% HSRFBO-HSRFAV | 167 | 185 | 165 | 168 | 176 | 242 | 208 | 185 | 177
MBOLHSR-HSRFAV | -78 | 54 | 66 | -75 | 204 | 40 70 179 | 52
HSRFBO-MBOLHSR | 299 | 275 | 286 | 295 | -30 | 214 | 131 03 149
V9eoh(/)h 10% | HSRFBO-HSRFAV | 196 | 221 | 203 | 198 | 196 | 213 | 224 | 199 | 198
MBOLHSR-HSRFAV | -103 | 54 | 83 | 97 | 226 | -01 93 195 | 49
HSRFBO-MBOLHSR | 261 | 188 | 217 | 249 | -145 | 120 | 43 | -114 | 67
15% | HSRFBO-HSRFAV | 164 | 148 | 142 | 159 | 96 8.2 113 | 95 127
MBOLHSR-HSRFAV | 96 | -41 | 76 | 90 | 241 | 38 | 156 | 210 | 60
W20 A& WEuFEFo] 500th/A1e] M2RlE 10%S] 7292 WEZnFF 700t/ A2 900TH/ Al 2] H 2
H & 15%¢ ASLE AYshd A2 ALNZA 7} 2IH 2D LENZE&AAAZA BT T4 JEgTh &
F 2 PZWEF 500th/A 2] MRS 15%, BZLEF 700th/A1 2] W2BE 5%9 10%%) A A9
St FYHAALAZKIVAAZA T} A2 A LA EA BT A e I s BT SYH2A
2212 2A 7} AAWH 2 AL 2A KT DA 2 ura}wjl NEWM 2T W F=F 900th/ A9 W2~
H & 15%5 ALshd A A=A Ad/AEHE 25 A AHEZ2A47F A 2A4 B 27
e T 22y 1C 748 2kmebe THEA &9 A5 FZuFF 5000418 H20E& 5%5 A9 }”d =
YH2HGAZKAAAZAN 7L St dAZA BT T3 21Ye] Aol % 5744 A& AQdstAH & o=
et 1C 7+ 2kmebe T EA] B4 EH AT
3) S™YST Xlofol| chst SAXN HAH
ol Al EAT AAAEA FFE FHEE 27t BAHSE FoT A7t AEAE EAEATH
Vissim H|A1H nFAEHIHARY R TeFst vAld wEAde] 74 AAdA =¥ 544 Random
Seedol we} WEFFo] 254 2 jEgo] Fof AEH ol Aol ztelrt dAE 4 ATt o] g P
S 185k B =RqME AYUE] L Z 37]9] Random SeedsS 2 -&3le] AlEHo]AHS 335l AL
TEAEEY FHghs st EA8IGh 24 23 Aol digk A A5 AA AUy 7 Y
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AZ 27} 37Hi Aol %Eﬂ%%kgi TEE ) 2H5OEFE o) AYE S
T7F MR HoAA 4B LS ] A& e A
A FAAME -4 Al Wilcoxon signed rank test-S Al
&3t AR ForE 95%(7]7L 49 7>196)5 A -&3te] Y3 ATH(Yun et al., 2015).

LC ZtZ 0] 2kmSl AlUg] Q0 i3k AA A<l <Table 6>0 251H W 2AEAZ&A X2 Ao B3|
AU~ EAZA L] M2 FREET A EAE PEZnF o] 900th/AH= ¢ AT Z Fkel 1.96KTh
22 17182 AHFE o] T Afo|7} BAHOE ot & ACE UEgTh I8ja Y¥bEAE R H
29 BY&=TF TA BAE FAZuFF 700022 A Z g 1718R BAIYE FolFA ¥e Foz
AT o] F 7HA Afv 1 o7t E ASEET SHEE Afo|7} AL Aol PEY olF F
A A5 AQshE BF BAFHOZ {fog Aolr) Qe Aoz BAFE
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<Table 6> Z Scores by Wilcoxon Signed Rank Test for 2km of I.C Interval

Ramp veh 500 veh/lane 700 veh/lane 900 veh/lane

Veh class Bus Car Total Bus Car Total Bus Car Total
HSRFBO-MBOLHSR -2.547 -2.666 -2.666 -2.073 -2.666 -2.666 -1.718 -2.666 -2.666
HSRFBO-HSRFAV -2.666 -2.666 -2.666 -1.718 -2.666 -2.547 -2.666 -2.666 -2.666

1.C 7t7 4kmoll thdt A4 A9l <Table 7> 23t M2 FP&T AJo|7} 22 s 24 G224 9}
HAH S 2&AAAGEA v S Z #ol 19620 ZA| A E o] 1Ao7t EAHCRE FolstA &
< &4 2 Ueigth 22y A G ZA o dvzbdAE A 9] Blale BE AU oA Z 3ol
19680+ FA| AFHEo] £4A 7] Ao|7} BAHOE {3 A7t v AOoE EAHIUT

<Table 7> Z Scores by Wilcoxon Signed Rank Test for 4km of I.C Interval

Ramp veh 500 veh/lane 700 veh/lane 900 veh/lane

Veh class Bus Car Total Bus Car Total Bus Car Total
HSRFBO-MBOLHSR -1.481 | 2,666 | -2.666 | -1.836 | -2.666 | -2.666 | -1.125 | -2.666 | -2.666
HSRFBO-HSRFAV -2.666 -2.666 -2.666 -2.666 -2.666 -2.666 -2.666 -2.666 -2.666

<Table 8>0ll A 2442 SGAZLS AW Hw AL wEFo| We4F 121 Hango] F45 243
2 EGAZI] ol B AR yeigt A2t $9E A0S AMEY 1C 14 2km] B Lt
AAARI P I AN SASAR, FYN L EAREIAARA o YEhtoy TP aH gt
ZAAAZAZL A Z A0Z e 1C 14 4kmo Aol 1C 14 2kmt 2] HEH2H &3}
27 Vg A AZAFEF 900t/ Ao HHlE 15%8 AlEH S EAZAAAZAL M 2

7

A GRISE, 531 AURSBAZA A 4R T A0 2 FE A2 Ueich 2590
LY AR YAl G5 AAARE g 2
48R FUNAASATLADATAT £24AE U LAZUAN R & + 2T
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VEEE FH JHHANEAEN 2gdol| e AT

<Table 8> HSR Operation Time (Unit: sec)
Ramp Veh 500veh/h 700veh/h 900veh/h
Bus Ratio 5% 10% 15% 5% 10% 15% 5% 10% 15%

LC HSRFBO 329.7 464.0 546.7 479.0 681.7 1494.7 844.0 1159.3 1381.7
Interval | MBOLHSR 648.3 2152.3 24723 2134.0 2375.3 2557.7 2249.7 25320 2583.3
Zkm HSRFAV 186.7 448.0 846.0 2263 391.0 1321.7 438.0 588.0 1196.7
LC HSRFBO 136.7 183.7 462.7 342.0 361.3 743.0 644.3 900.3 1291.3
Interval | MBOLHSR | 1630.7 2137.7 2414.0 2079.0 2339.3 2569.0 2208.7 2414.0 2595.7
4km HSRFAV 988.3 1969.7 2385.7 1353.0 22133 2523.3 1564.3 2340.3 2613.0

3. Al IEE 24

<Table 9>°llA ZAAELYF FE WFAL AP =0l thk B7HE ste] VISSIM AlE#H o] o2 7E
T3 A3F A4 vlolHE SSAMSZ B4t AALFEE AF FE 4T E Fu|FE@30° v, A2
(30° ~85%), WAAFE(85° °]H o2 A8&1 TIC 1.5%, PET 522 283t E4319th

X A3 <Table 8>l 95t AL EE FZ wFFo] F71E4-E I8 H2nlEo] 255 AAE
Ao g2 EAFEAT ALAA AN FATE AEZHAALAET} M Ha dWbEARE, Y183t

H]
2&IAAEA o2 Yehth 53] ZdMa g2 F &
o= yepyth 53] Angsirt g & wabdee] A4S a2
2 YUEPg oy SYH M EAZKAAAEA S} dMAAREE 212 32210~ 77/ AU L), 277 (1~671/A
UEle) HAEE Ao Yehyith webi Had a2 e 7 FEET wEekd SHA
b & 4 Qith

<Table 9> Number of accident risk cases (4km) (Unit: Cases)
Ramp Veh 500veh/h 700veh/h 900veh/h
Bus Ratio 5% 10% 15% 5% 10% 15% 5% 10% 15%
Sum 115 180 272 126 189 365 149 265 405
Crossing 0 0 0 0 0 0 0 0 0
HSRFBO
Rear end 68 105 147 79 106 205 76 137 225
Lane change 47 75 125 47 83 159 73 128 180
Sum 711 952 1440 729 1101 1329 648 1142 1325
Crossing 2 2 5 1 3 7 0 4 8
MBOLHSR
Rear end 436 561 817 455 662 770 396 690 791
Lane change 273 388 617 273 435 551 252 448 526
Sum 644 885 1063 625 949 1145 649 892 1089
Crossing 1 3 3 1 6 3 1 3 6
HSRFAV
Rear end 396 507 618 371 524 668 373 506 609
Lane change 248 374 442 253 419 474 275 383 474

124 QTSR =27 223, M52(20234 109)



F

Ip
)
frtt
o
ofy

AT ALY A DEFFE FHAA 2570
b2 edshs Wedt o9 Ue)
b2Ao v e

ZECIS S EE

S7b AT e 2A Ho] $8% o182 Aste Avke 2xY

WS T AEY AL 2ANA M2 FAZ WA SOE WEAT

P 2AEAE 2GAN 0] THE o8 F8HF0l E

>
oo ¢
i
=
%0,
rir

=z
Iz >

Py oo
o
i

b

o Ry
2 v
i to

)

il
X5
°

tio

o iy

ZINY

>'..\‘\L my,

N

Ny

R0

fru

of o

ofr

ol
oo

o=
o

r4
2
R
Ho
o
_?ll’
pou)

o
fru
oL
N
L)
32
)
ol
©
Iz
>
[
ofo

E3

)
fu
&
S
(i)
Y
fu
Y
Ir
=z
[ ®
f Lo

oo T
0
fru
S

fo M
fo 1y
b
R
Mo oS
g
n ¥
o £
Koo
o ofy

B
o

_>|’l_'4
o %
z 1P
KON PV
rlro}mrll‘
oo oM W o
R A I N
Mo =

off fo my (>

N
o 2oy i oot
oy A
=
[
2
oo
e
Mo
of
rlo
o
o2
I
[
B
ofo
24
fru
R
>i
N
24
fru
Y
Ho
of
27
)
o r
of
A=
I
[>
oo 1o
off
o

HU l'ﬂ n}l_{

g 0

i

2l

=

b

o

Mo of 2% & 1x

&

o5
i
by =

0
£ o
offt o2t
o ofy
ox,
b
o
o

32
)
Jjm
=
of»
oo
_);(_,, [o}
o
of
ot
1P
b1
%
E
W
N
- N .
< 4
(n
B o & —
El
of
fot
o
o

TS
= g

O)% rg
@
(S
of»
oo
R

ofo
ﬂx_:‘
f
fo
=
02{:",
fo
Wl

oy

i)

3

[~ d

)
N
N

fru
e
=
N
or
o
Y
=
=
o
R
>
Y
4
42
i)
o
v}
o
of
oot
o
L
>
Kl
fo
o
b
M

it
:Ll
o> P

flr
=
oo
)
Lo
ofo =
ROy
A
= fru
b 2
iR r-{o
N of
ol >
ox ]-u:
o, £
N >
(o]
;{gj ot
=y frt
o )
y 4
T
[
SO
(i H
k+1)
> >
>~ kol
ry o>
= -D(-‘
lo b
R
=
o
t 24
ox
Ho

e
o}
1o

=
of

BN
o)
o

Kl
g
fz
v
)
=)
o
ook
oot
ol
> of

REFERENCES

Gyeonggi Research Institute(2016), Effect of Bus-only Lanes on Expressway in the Capital Region,
pp.91-93.

Kim, J. S.(2017), Evaluation of traffic flow efficiency and safety hard shoulder runnings for freeway,
Doctoral Dissertation, University of Seoul.

Ko, E., Lee, S. and Kim, H.(2020), “Comparison Before and After Implementation of Travel Speed
in Shoulder-Use Lanes on Expressway”, The Korea Institute of Intelligent Transport Systems,
vol. 19, no. 2, pp.36-47.

Korea Expressway Corporation(2016), Improvement of Hard Shoulder Running Operation Guideline,
pp.137-143.

Park, S., Lee, Y., Kang, S., Cho, H. and Yun, 1.(2021), “Analysis of Safety and Mobility of
Expressway Land Control System”, The Korea Institute of Intelligent Transport Systems, vol.
20, no. 3, pp.1-19.

The Korea Transport Institute(2012), A Review of the Effectiveness and Feasibility of HOV Lane
on Highway, pp.41-43.

Yun, I, Park, S., Heo, N. W., Yoon, J. E., Kim, Y. S. and Lee, S. S.(2015), “Study of Feasibility

Vol.22 No.5(2023. 10) The Journal of The Korea Institute of Intelligent Transport Systems 125



VEEE FH JHHANEAEN 2gdol| e AT

Analysis for the Protected-Permissive Left-Turn Signal Control in Three-Leg Signalized
Intersections Using a Microscopic Traffic Simulation Model”, International Journal of Highway
Engineering, vol. 17, no. 4, pp.89-98.

RAUTSOR| =T 227, TH552(2023H 10)



