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Abstract

Recently, as the problem of subway congestion has intensified due to COVID-19, the need to
ease the concentration of public transit share of subway through bus improvement has
increased. Bus bay is a facility that is encouraged to be installed as part of transportation policy
for public transportation, but in Korea, bus bay has several problems and is recognized as an
example of transportation policy that prioritizes vehicle traffic, so it is time to discuss its
necessity. Therefore, this study derived the quantitative effects of bus bay installation accor-
ding to stop time and congestion, such as traffic change and travel time reduction benefits, and
investigated conditions requiring bus bays through micro-simulations on two-way 4-lane road.
As a result of the analysis, the traffic efficiency of general vehicles improved when the bus bay
was installed, while the traffic efficiency of buses decreased, and this effect was greater when
the congestion is high. The installation of the bus bay caused the benefit of travel time savings
when the bus stop time was long due to crowded traffic conditions, but in most other cases, the
negative benefit of travel time savings was caused. Considering that bus bays hinder the traffic
flow of buses and cause negative benefit of travel time savings, it seems that bus bays should be
avoided except for special conditions when installing bus stops.

Keywords: benefit of travel time savings, bus bay, bus, micro simulation, public transit, SUMO
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Table 1. Bus dwell time

Passenger Boarding and Alighting Time (sec/person)

Door Opening and Boarding Time Alichtin
Closing Time (sec) No Standing Passenger Standing Passenger Exist Tgime &
Card Cash Card Cash
3.0 3.2 4.0 4.2 4.5 1.5

uv_q ~o}xw7i EL hﬂi Hodde] A7 A S Al Bt 5otk <
A B2t A YR A iRkl
ZA5H= 67] A S-S Av= 47119 A L AS tiAte
749 EH% B %6}54} AUE FAS AT, FAATY H2 SRl Le] Hof SRAIUL %6} % lﬂ°ﬂ Awe
FICE. et oAk sl o] feof] mhet A wid) o g B ol €l 59lo
SIARAIZEE 7.5%7F Slo] M2 AT 10,5201t 7, BE7H= Heole S RA A
1 2P A2 dlo]E ol B A o] 6] Aol 17187k Wel 184]-194] AFo] o] ZHX]-OIOJ HAR=
FEoto] Bt ARFADE A& A3k, A Bt Al 11590 = byt

5y

w

E

= E
[
é
IﬂJ

o|»

3) AlZt 7F3|
E Aol A= Ministry of Land, Infrastructure and Transport(2017) 8] 2 B+ SJAIIA|(FEH)S
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A2 A4 YT B4 S AV 193 47 59 BAAS] Folck £ AroA] HF AR 484 1
Al AR Table 33} 2ck

Table 2. Average value of time

Contents : Private Vehicle ‘ . Bus '
Commuting Non-Commuting Commuting Non-Commuting
# of Passenger 0.22 1.02 1.23 13.26
Value of Time (won) 22,775 9,748 17,260(1person) 5,011
22,775(0.23person)

Value of Time (won/veh-h) 5,011 9,943 22,498 66,446
2013 Average 14,954 88,944

Value of Time (won/veh)

2017 Average 15,702 93,391

Value of Time (won/veh)

source : Ministry of Land, Infrastructure and Transport(2017)

Table 3. Average value of time for this study

Contents Private Vehicle (won/veh) Bus (won/person)
2021 Average 16,487 5,525
Value of Time Commuting purpose 1.225
(won) correction factor

4) HAH|O| S™HAIZE dAEN =

2 Al M= ST DA R S HES 28-S WA o] FPAIRE H ol o] 4HE-S Fofl B{AH[o] A A
Aot FAAEE AAAIE S7skinh M o] SR W2 MAuo] AR % ZF 1.9 ApFE
T YA AFHEH A7 E Aol F FBAIRE B8 AFESHL HiAH|o] AX] AF-o] T FRAI HE
2fol & Fofl AFEotgict. MAuo] FPAIE M| 4HEe] AR’ A2 Equation 29F ZtHKorea Development
Institute, 2008).
VOTS= VOT} oy o2 — VOT sy ooy 54 )
2
7|, vor {ZZ (T3, B < Q) < 365
I k=1
Ty, B 18] A SRAIE
D A AIZ7HA]
Q B39 A5 FAF
ko AE (1 GEbRpe, 20 HA)
CherEatsl 2, A 412 A 53, 2023 102 583
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2 a7 AuE s 2 @ AZEQ Ho] 2 Alue] e M o] X Aluel e A E. B, wERel
AR &2 A= WA AR Heto] g WEE Wt FREE T SHES S B2
21 9f Aol 2] WMol A5 918l Table 42F Zof ¥ AJ2pAIof| mbE AT Alu2| &8 A5, M A
AA2 W2 o] G =g of whet E2bA]7] 2] o & ’HFFsl] sl @ AEE T o] o] TetE %5 7
Sto] AT AlE| 2.5 gl M2 o] 871 S8t okt /1ol S7IstE R A ARQIY2 ofof BlZ|s)

o S A0 Apelsont 1 M BAATE Table 19 SO /e A8olel tolsick A
2 A2 @ 8 7 o] ApHe S Table 59t 2ok, AR|RE MA L4, A5, A7l e S84t Q19
9 A Aol7} 0tk B AT 71 oA B HEA] SeAIe A1) Bagha 2ekn 7}
Bt

Table 4. Simulation scenario setting

Contents Type of Bus stop Bus Dwell Time (second)
Scenario 1 Roadside Bus Stop 10.5, 15, 20
Scenario 2 Indented Bus Bay

Table 5. Simulation parameters

# of Boarding and Alighting

Contents Bus Dwell Time (second) # of in—Vehicle Passengers
Passengers
Case 1 (Base) 10.5 5 11.5
Case 2 15 8 18.4
Case 3 20 11 25.3

3. AlE20ld =

1) HEHR 4 USHA =5

SUMO9] =2 4 9] Input2 YA} AF2 &, A%, AL, A, ASH|A o2 FEHATH(Lee et al,,
2021). YEYFQ] 7| ZARRE & A& AH|AQ @ EAEDE (Www openstreetmap.org) °ll 4] Al 5ok =
29 1S &85tk o|F vlo|HAE AXAHALE 53} 7|2 HEYT vl 1 AES £ SUMO2] NetEdit
D2 ORs &-8ot] AR ¢, ARMELEE Aok 5 E2YS AAS0Ith E289] 94 9 @4k = 0 EA
EZE ] Alo]Eof|A AlFote ARE E8oIAT L2 ATEE = ASFAE ATl S0km/hE st
Ak, ARG AT A 071 9] 3] YoM A g -8oto] YIEL A vttt AT A= A2
23 9] ‘B ATAo]7] HloeHo] A ] HY @7 8A]-9A] <] ﬂi}i RNSAAE E-85to] 2t WA= 9] AA],
off-set 5= A3}, Figure 49} Zo] thAdA] YEEQIAE 153 & o] & 7|WHo & HAH|o]E AX|ot5S o
O YIEEQIZE 5ot B{AH[o] YIEQ T &= Figure 59 2] HV\"EZ%* 67140 2 Hof B Axgto] 53 7}
S8 HAH|o] RS STtk WA 07 7|E YEIE Aste] 5T tidA] W AR 1A=
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Figure 4. Simulation network (roadside bus stop) Figure 5. Simulation network (indented bus bay)

2) OD Matrix =

2 Aol A= AlEeol el AHE S w5 D A2 AmE 56 Qo 24 AR O] tidA] A9 A wE
F AH=E 7Heste] OD MatrixE A&t Q8|2 T =59 18-19A] a2 A8 A 1221, shefie S
926t s=Eolth HAE ARt A5Fe] A w5 XA ARE 7|Hte 2 YEL T X
wet Hl & = e 5 T 5= et 71534 9] 799 5 GRG HIA Y a8 &L °]
Foll FAHEE 2| Aelsloit. MA0] -9 AA| A E At HAE9] = B 2 Hla& ¥hgste] OD
Matrixg F-=35F9ich

3) S U 2 A 24

SUMO®NA 2k 57 9] Input - A4 =28 A5l B4 02 Wk HAS A|9JRt 259 A =9
78 OD MatrixE 7|42 SUMO9| daurouter &2 7|52 ©]-85te] 7241l = 5 AZHE 533 =
AL Fol TS Wi R & AA| DR AfolshA vl Sde 5ol A5k M) FaEE Y] B¢
A ) ehs A A5 A 9 WA 0 wedslol el

2 AFoA Y A2 582 ARQELY(GER), 3 2F=AH10E o ), U@ 2F=AH24E o) &), !
TEET HAE AR 7 A=) &Y, A7 58, A EAY Min Gap) 59 A2
SUMO?®A| Al-5-51= Vehicle Type Parameter Default®] 7|2 t-& o] 8ol om FU 2450 EAL B F Y
A0 &2 7Hstqinh MA B4 9] B9 Ffjo| A AR wol o] 8E= | 7 frH o2 AJE 2] 2h A

Stk i ReRE o) A9 23 Aersol vle) H) £2i7 7h4 2ol v, AaAzIA Rl bAoA
oz wE Ajere] HAANA e 2.5me FAstch AT AHR4A-E Table 67 2o] st

Table 6. Vehicle parameter used in simulation

Contents Max Speed Accel Decel Length Min Gap Sigma
Car 200km/h 2.9m/s? 4.5m/s* 4.3m 2.5m 0.5
Truck 130km/h 1.3m/s? 4.0m/s? 8.0m 2.5m 0.5
Semitrailer 130km/h 1.1m/s? 4.0m/s? 10.0m 2.5m 0.5
Trailer 130km/h 1.0m/s? 4.0m/s? 16.0m 2.5m 0.5
Bus 85km/h 1.2m/s? 4.0m/s? 11m 2.5m 0.5

sigma: Driver imperfection(0—1)

tietnESstal?], A 413 A 52, 2023 108 585
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AgHold AL Fa wmo] 4
7o) ARl 0z 184~ 1941 3]
Hatedrt. SUMO Simulator®] E-44¢ A1 B0l 8 A4 22 UESI2 Hlojolis Aldlol] mhze] 4L &

= Aol uhgd 4 GIES ABe ol 4 7} 308 ol $HE o] 1A7F 5ok WERE thgo skt E¢
z

4

W5 w4 A Table 714 & 5= 9% E7 Al Q) 7 AIRPS AP 11510, M2 36Tl
G AP ARzt 878, HMAe 24t 2 e o ] EIRE PN

w2 § ojulel 2ol S Bo| 7] 19k ARAITE 155, 200] B9 wiAulo] A7) A ARG Aytatere] Bal
o] 1t) 27}t M o] Apols} Lpertel,

Table 7. Traffic volume unit ¢ veh/h
Dwell Time 10.5 second 15 second 20 second

Congestion High Low High Low High Low

Level

Bus stop  Roadside Indented Roadside Indented Roadside Indented Roadside Indented Roadside Indented Roadside Indented
General 1151 1151 878 878 1150 1151 878 878 1150 1151 878 878
Vehicle

Bus 36 36 24 24 36 36 24 24 36 36 24 24
Total 1187 1187 902 902 1186 1187 902 902 1186 1187 902 902

W EALTL Table 8014] 2 4 9l5o0] 7|RH 02 ST Aol ula] YT slR4] Fh&ws) of

Okm/h A 5L M2 AAAITO] LolAeE of 1Al B 2J5o] PAglo] BAL S} ook RS 1
et M2aHo] mAdR] Aol 34t B0 B9 wAeh dut ko] Wt SBE LI G ] wtet oF
16-18km/h = A2 HIZel oL A5 SA0) 49 w0) BAAZEOR QI Ayt Aol u]s) v o]
o EPEEIE oF 7-8km/h H =& Z o2 vepgt

Table 8. Average speed unit ¢ km/h
Dwell Time 10.5 second 15 second 20 second

Congestion Heavy Light Heavy Light Heavy Light

Level

Bus stop  Roadside Indented Roadside Indented Roadside Indented Roadside Indented Roadside Indented Roadside Indented
General 18.9 19.57 2745 28.64 1799 1945 2721 2849 16.69 1973 2596  27.96
Vehicle

Bus 1873 1325 205 16.31 1795 134 19.49 1631 16.05 1287 18.07 1523
Total 1887 193 27.2 28.07 1798 19.18 2692 2794 16.67 19.42  25.66  27.36
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w2uo] 47 A5E vl mAR Y A Aepe] A9 EALE ST AL FAS I Faots AL B
QI o]2fgt L Table 9ol vehhEo] B2het iwAe] A9 B 7ol hehdth, wat w2 HaAjzho] Zo]
A vl auo] 7] A] At Aeke] BALE S7H80] B AAL v, B20] BALE 78S HAAT] 2
o445 sk A% B
Table 9. Average speed % change from installation of the indented bus bay
Dwell Time 10.5 second 15 second 20 second
Congestion High Low High Low High Low
Level
General 3.5% 4.3% 8.5% 4.7% 18.2% 7.7%
Vehicle
Bus -29.3% -20.4% -25.3% -16.3% -19.8% -15.7%
Total 2.3% 3.2% 6.7% 3.8% 16.5% 6.6%

fLE j] (o2 T oo=&2 R H (o] % ‘_E'_@-
sale] Hle) Bt FaALto] Aon] o Al RE B2 HRATk] ZojU4E FANT0| Srkoke AT
Holok HAuo] n| 2] A] Ae4 o] -9 v AL ARt 2k Fa AT o] B30T o} A1 o] -9 v A HALAITE
O 2 Qlof| vjiof H]of AytalFoe] P4t FaPATo] o HUT
Table 10. Average travel time o

unit . second

Dwell Time 10.5 second 15 second 20 second
Congestion High Low High Low High Low
Level

Bus stop  Roadside Indented Roadside Indented Roadside Indented Roadside Indented Roadside Indented Roadside Indented

General 2719 2642 178.1 1706 2857 2658 179.6 171.5 3080 2620 1883 174.7
Vehicle

Bus 266.3 4053 2373 3215 2778 4008 2495 3215 310.8 4173  269.2 3443
Total 2717 2693 179.6 1747 2854 2743 1815 1755 308.1 2667 1904 179.3
wi2ulo] 7] A5 S RS uf w2o) B FRALE Z715H97 Aut Apre] W EANNL Bastelo
m o]t Aok 2Rt Aol A B 2A UEfEtt riz7ER 2, Table 11, Figure 6914 & 4= Q0] A A=}
A7ko] 2o A45 vk Afre] B EANT AL FrIeIgen vlao) B BN 578-E Padiart
Table 11. Average travel time % change from installation of the indented bus bay
Dwell Time 10.5 second 15 second 20 second
Congestion High Low High Low High Low
Level
General -2.8% —4.2% =7.0% -4.5% -14.9% =7.2%
Vehicle
Bus 52.2% 35.5% 44.3% 28.8% 34.3% 27.9%
Total -0.8% -2.8% -3.8% -3.3% -13.4% -5.9%

[2], A 412 4 5%, 2023'F 10
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Figure 6. Average travel time difference from installation of the bus bay
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Table 12. Benefits of travel time savings (1hour) unit © 10,000 won

Dwell Time 10.5 second 15 second 20 second
Congestion High Low Total High Low Total High Low Total
Level
General 4.2 3.0 7.2 10.4 3.3 13.6 24.1 5.4 29.5
Vehicle
Bus -10.8 -4.4 -15.2 -15.3 -6.0 -21.3 -18.2 -8.6 -26.8
Total -6.6 -1.4 -8.0 -5.0 -2.7 -7.7 5.9 -3.1 2.7
HAE HAHo] AXJA] B elo] WA ot ARpA|To] ST waf B elo] F7tot= AR Hdth &4
St 1L X 0] A9 HapA| 7t whet A7 B Qo] 2z 10.89H, 15.39H%, 18.29H HhAiSy A&st L 419] 744
Az B olo] ZZt 445, 67, 8.65H A8 oto] ARERbE} it A 2 2Rt o] gkt e ofH]
& B o] TA¥oli= A o= yepyith ey dukRE} g HAS ARRAITE STt e EH Y U E2 A
2R 7R QIR EH Y 71 & S7F aufet A S AR QIR He| 3Vt F AR I St
1Y F7H= G0 ] wj ol AiA o2 FapA o] w2 TP SV AV E A0 749 B
S71Eo] ZASER A YA S AT A2 48 A 0] ¢ BEHC SR o] Uk AT
A 2be] B AH|o] FaYAITE el Aut Z}5Fo] FPAIZE Heli} A0 FIYAITE EH Q| 2] Zfolof wjet 4
), tiEEo] 79 Ano] AX|A] ¥ A0l B o] JRtRtEFe] Ho|H Tt 37| wfZof o ke Ao] FaPA Lt
A7EH o] HA¥oh vA IRATE 2020 7 e AQ1 A foll= f-dokA dut A=kl Helo] o 27] ufE
2 71et

7} B e SRt wao] BHolo] 571 B as)y] HEe] Aow wekdrt

B 2ulo] A7) 4] 24 thakA o] 1841-194] HEAIZH 1A Seto] YESIT 2o EHAZE Woje vz
QA7) wiet 87kel Fhere] B elo] WA 2.77k¢le] Melo] Mhalsls Ao 2 Uetitth, et} Eo]
AL 74 v 2uo] A B2 BAEAIRH] BAIgle] BHelo] HAGhTHE Aile} 515 5 EAAILto] Sl
2l AL Tefge o) wAvo] XA WED FRAZIE SR A Ao P,

1. 88

B AT w4 ARl £42 Ba) F) EAR ERelA H2mlo] Axo] thE wE 5o Watel FAAR
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