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Optimal Design of the Travel System with Bus Links

on the Artenial in Pusan

Abstract

Today travel demand in the City of Pusan is increasing with the wide scope
of activity and the better living circumstances as a big city with a population
of about 4 million. Also, the transportation problem of Pusan city becomes one
of the severest urban problems with travel demand increasing in spite of the
continuous expansion of the transportation facilities.

The purpose i this study is to {ind the travel characteristics on the arterial
under the study, construct the optimal travel systems based upon the travel
characteristics found, and finally suggest the optimal Transportation System
Management(TSM) which could increase the travel capacity of the arterial
based upon the optimal travel systems constructed.

Thus, it was concluded that more emphasis should be put on Transportation
Demand Management (TDM) Policy which could reduce the flow of the
automobiles into the Downtown areas, increase the travel capacity of the
arterial through Mass Transportation System(MTS) including the HOV lanes

or the Bus Exclusive Lanes instead.
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Table. 2-2 Street Traffic Volume Distribution (Unit : pcu)

B —C F — G N — O
Time NORTH | SOUTH | NORTH | SOUTH | NORTH | SOUTH | Total Rate
BOUND | BOUND | BOUND | BOUND | BOUND | BOUND

07:00-08:00 1,855 2,689 2,037 4,151 3,337 6,668 | 20,737 | 7.72
08:00-09:00 2,667 3,456 2,896 4887 3911 5589 | 23406 | 871
09:00-10:00 | 3,026 3,090 3,104 4,336 4,536 4944 | 23036 | 857
10:00-11:00 2,831 3,014 3,454 4,190 4,825 4600 | 22914 | 853
11:00-12:00 | 2930 3,175 3,386 4,131 4,718 4684 | 23,024 | 857
12:00-13:00 2,748 2,893 3,193 3,792 4,552 4510 | 21,68 | 807
13:00-14:00 | 2,840 2,928 3272 3,862 4,620 4,437 | 21959 | 817
14:00-15:00 2,975 3,012 3,963 4,246 4,646 4,167 | 22609 | 841
15:00-16:00 | 3,021 3,107 3,610 3,931 4,635 4172 | 22476 ) 836
16:00-17:00 | 2,898 2,912 3,444 3,982 4,713 4210 | 22159 | 824
17:00-18:00 | 23873 2,848 3,473 3,947 5,021 3947 | 22109 | 823
18:00-19:00 | 3,136 2,832 3,476 3,630 5,593 399 | 22,662 | 843

g A 33800 | 35956 | 38908 | 49,085 | 55107 | 55923 | 268,779 | 100.00

23, FFARIY HHERY st2IziE, mxzdz 3z JRARAS
(PHF)E A% 23, diRE 097 & Aoz Ugua aEZo] IF 147t
44 317 FEsHE AL vEln Yo (Fx Table. 2-3)

PHF = V/(4X Vys) 2-1
o] 7] A,

PHF = HFAZAs

Vis = FAF 158 I5F (W/158)

14 = FAF AT 2FF (W/AD

Y, dFHE T A IRZANFY 2R2), B 2AZ(FEE 2HD), C
ARZ(2F @A), D AAZ(HHF 2A2), E aA2(FYZ m22), F 23
EAME 2a2), G IRZ(AE 2A2), H IA2(3F 232), [ L32(%3
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Table. 2-3  Peak Hour Factor(PHE) depending upon Street Peak Traffic

/PHF

o Section NN OS00~0900 1 PM.I800-1900
. BN o m w WA R RO

Table. 2-4 Peak Hour Factor(PHE) depending upon intersection Peak Traffic

SR B S Y 04 ' i
| Intersection | A B ) TEe\ W | F | G H ‘ I l
__name | i - ,,,,_‘,i : I S S
 bHE O ‘%4 ‘ O 961 O %2 O 930 | () 974 O 9J8 0. 971 0971 | 0933 |

t i : ! i | //':
ln tersec tmn o i K 1: LM ! N | 0 i p Q .
name i ’ o ' \///

! I !

PHE 0926 | 0961 © 0931 | 0935 0962 0945 0970 | 0.897 i ]
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A71E AZFAAE 7A2A7 3 JQAT. gk, wmo AFA s E2HAEMS
As oY X2 FMTBET =53 ¥X 2 wgA= A=Yy, =24
HEE vRe =2 §FUFY HCM(Highway Capacity Manual)®zh 415 37
HHst =239 TRANSYT-7F] 7122 ugosm 2aume w= oAz
AL 27E nsd = 158 (Primary Travel Capacity)® 2z nE43
(Secondary Travel Capacity)22 TE&d 274 A A&t
dutdoz ¥ot BFFL NLEY a2 FYBL AFen Az waz
Aol &7 T3} AFF] FAZAATU (/O HeFo2 M A€}

c=s X (g/O (2-2)
o 7] A,

c i

s ; X3} wEs

g/C ; FZ(O R FA=MAZH( )9 H]

53], X3 wEF (D& D27 2o 4R,

§ = So NiJufuyfefs S o Frr iz (2-3)
A 71A,

s X3} WFF (vphe)

So ;oA 23t wEF (1,800 pcphgp)
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w3, Treian Aol Zo] $& el B% EANE FolA Ted 2
o) R §FE £ B4 ol gt

U, = U x 1.25 (2-5)

dRiHo 2 njxe T2 EFHUQ HCM(Highway Capacity Manual)oll HE ©]
AHQ 36 me 2 Fo thste] £83E J1FS2 WELR(Travel Capacity)
2 1800 vpr2 ABIR Qloy, B dFdMe dFuid TAEze AT AR
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olr
=

T2 B4 2 AFY 2718 1t A B%E F7H8 36me AA F
& 71E22 AR T AA G 2,250 vph, A FAMlE 2,000 vph, AT A A
Aol E 3,000 vphel LE4FE H 83t 53] 2-8x4d(Shared Lane)®} 7
€ FY A (Primary Link)dlE= 2,000 vphs, B2 A(Secondary Link)elE 1,000
vphE 27t H4ERT 1 9 & ;AR Aol wret HAsA §FL H43
few, M2gA(Bus Link)E I3Y e A X4d(Thru Link)ell 800 wphE,
2737 &R (Thru & Turning Link)oll= 1000 vphE T2 ste] £ o]
&3t

oo

2 7o 2y A% A22E FHoE THUEXYG AFZIAE HRE
3led A5 #Ae] Zo|(Signal Phase Length)®t £41(Signal Phase Sequence), 21
21 A3 F7)(Cycle Length) S #E343, xtze 715t7=2 2 E4aF &
73} FEHE Hosted nEFAA EAHozHYH AT IFAFTF S FAULE
Z i a2z A3AA £4L AASAH.

A matz el AubAQ AZAA S AMEH AFPAE dAF2 2~
58419 FEE 3T YUT, AFE 1770 A uzxE F 38AE IHL 9
w27} 7R MR wsken, 67/e mAzE 5FAIR LHEHI UUTH
g3, AZF7)1E 150~240sec Abolol A £FHT ARy, ZFF] JAFHE
2 FAZAAME FAFHT FI SHAIANE AA st 238A &2
e A @3st= 7bE¥ Y A &EF7]|(Variable Cycle Length)2 +FHIL 3l
o o w2 dis oM oF FFA T (Peak-Time Periods)2 £l 3}
o H3YEA(Simulation), 332 3HEA(Optimization) ¥ 9% 34 (Progre-
ssive Optimization)& AA3I{th

w2 ¥ 2 HAHREY ZAAE AE vz of FFA A (Average Delay)
U d8 A2 (Fuel Consumption)®] thAl& ez AT, a8y, &4 a2
HE d¥ 4% HFJEH ZAE ¥z 9 ¥ ZA2qME FTAAY
ARAEFo| FASA g3 btk F7hsle Aoz JEx e, olAL THER
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Table. 2-5 Progressive optimization results in the morning peak peried

T | |
. M T . H ! HI i IV
‘ — i !
| Pavameter R N
Average Delay

7188

786 1,169.6 1,461.1 |
B s S
Fuel consumption | 5 713 LAT46 195599 ‘ 195,554
- (h[/lf‘?’)ﬁfﬁ : - 11 3 « 4,74 B £,00¢ ! 95, ]
- Operating Cost ‘ 116,560 l p— : o6 146 i —
iﬂ e (SD /1’17’) B 119,00 | :ik 3,000 (00,14 E 24,
" Performance o Q 3 ‘
| Performance Index . ogagqy 5g5544 662632 | 658873 |
. mbo R T : ) L
Table. 2-6 Progressive optimization resuits in the afternoon peak period
r \::_\\; S /}‘I NG E__,,_ pp—— - S P .__r_ . _Y ——
 Parame | N FBAR e T N
| Average Delay i ) ; |
(lsei o) Vool Soqoe . ee82 b 1381 | 13128
" Fuel consumpti ; \ ' i )
et ConSUR IHOn 101,939 U170 | 174338 | 172477
(it hr) Py : i o ‘ ]
Operating Cost
P r(dq‘ /i[ r)( 395911 392057 | 670,340 663,258
romeemme I W et e % b . o N
BFN _ o Indew« i . : . - —_
 Performance Index | 550009 330503 085233 578495
oo wn T , L I )
<FT >
I A% HH A (Progressive Optimization)
O: #4322 128 d% HA854 (Progressive Optimization with Optimal Phase)
M: wagzs adsk d% HHeEA (Progressive Optimization with Bus Link)
WEREEERPRIPCEE R EEER
(Progressive Optimization with Optimal Phase and Bus Link)
B B oA it HHAEZ Y N-S #eke] HAFo| digte] HAY
2% udstged, Hag 3 E848 YotEy] fd& v2ygz 1y A - F

(Before & After)e] W29 HAAAAIZIT d584RFS FAoz v WS
(&% Table. 2-7)
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Table. 2-7 Measures of Effectiveness(MOE) in Progressive Optimization
with/without Bus Links

Without Bus Links With Bus Links Rate (%)
Nagk | s | Nug | sag | Nwg | S o3
Average Delay| ©3 | 1666 1496 353 39.3 788 737
(sec/vel) | o | 1456 152.0 34,0 39.1 766 743
Fuel oA 0.52 1.31 0.16 0.72 69.2 45.0
Consumption -
(hit/hrjveh) | @F | 048 0.46 0.16 0.15 66.7 67.4

o9t 2L EANZAAZE Ry U4 Mz E F4
BAAE 75 oyt don, BAER o
FAE AT AF 2 aHE VO £ e Aoz AFHYC

2. 4 HAAA EA

Lead Left-Turn Phasing2 23|13 = MA % (Left-Tum Arrow)o] o]ojA] ult)
FEge 5435 (Green Interval)Zt A& AYEE A Ao, 9= ugs
Lag Left-Turn PhasingS WHwgke] ZMA3%5 oge H3E FIANE
(Protected Left-Turn Green Arrow)7} o|ojx& #@A|Aejo|t}. Lead Left-Turn
Phasing& ©]-83lH &3]3 248 4Asx] GuxE FI4Ae axlz &3
= TUHAIR YA AR FELS FAIgANL F Yot A FAd €
W AAAZF] YL APstE Aol ok w6 Lag Left-Tumn Phasingl
Me FEe] Aol FAld 28E £ gl AyA =MAF7) AFE7] Ao
Hyztel Zdo] oz AFy HYRE EPAF|H AHES 2o
As) 2= AFFe] AL, A Mol Q= ALl ARzt Eyo]
Aol LA T #A3)W FAAH(Left-Turn Yellow Change Interval) S+ 3]
A AFol AEHM Lagging Interval®] 7)o RAx}a 3] dx2k Alolo] A
Fol A 4 o

T GFdAE d ZA2d dsty FYANZ dAAAY S2HA HE
Lead Left-Turn Phasing® Lag Left-Turn Phasing® Z®E vlmsld 2zt mx}
2 % &d5te @A A A (Signal Phase)E 4oz A7 o= HE 7}
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st=7F Yol E ottt
2.5 22 Au|A4F (Level of Service, LOS) ¥4

dutdoz mAze Mula £F& vuste WHOZE 1)v/craticd] &%

H] Euol-ﬁé , 1 ) ﬁ ]Z‘“ /\] Z}(AVC] age Dela& )oﬂ 0] H] Eﬂo}% %O] 9’15}_
i) vlc vatiodl &3 8] Y

wakE el EAo] glojA 7hd 7|EHoja E3F] o] &EHE Fol uc ratiool] 2[F
vl wahdolth  v/c ratios WEF(Traffic Volume)Z} 1 F & (Travel Capacity)
o] v]-§ 2 A 7}E(Street)tt AR (Intersection)?] 4% 58S YElWE Tt
2z A 2+ gHa(Link)d  vfc ratios X2 JERZ|EZ St olE X3l%
(Degree of Saturation)2} ¥27]% 3},

RE o|EH7} BA ol HE 48 AY glemg Y olFHA A3
Lo w2 F&Ao WS Fedt T2y axE AAY o/cratics: VER
Aafide & dAA o olFF 72l H v/cratioEh-& AR ol =
E dAlel disted g @, a2 &% EEA JNEe critical v/cratio
(X)& AH&3ch

webA AR AA Y certical v/c ratios TRE- Zo] FE|F T}

Xc = ng X 2} (U//s)j (2—6)
o 71 A

X, ;o wWRFE AA Y critical v/c ratio

22(v/s); DA AT, SRS nEFE e #

C , AZF71Y Zo] (sec)

L D AZFEI B F EAAT

(22 AR 7F+ 3 A 7F— 238 A A A7)
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i) IR A A ZH(Average Delay)dl <3+ B m3

D=D,+ D, 2-7)
N

D, = Zt: m; | N (2-8)
o 71A,

D s F AAATY (veh—hrlhy)

D, ;o TEAMAZE (veh—hr/hy)

m; ; t AT FAY g do)

N ; AZFY] F stepd] &

AAe AFE] BT 22 7]dste] BT}

Dy = 900TX* { (X—-1) + (X=1% + (4X/cD] 2} - (3600/v) (2-9)
o 71 A,

D, i 99 E3}AA(Random-plus-Saturation Delay) (veh * hr/hr)
X ; XE3:

c » 8%F (vph) Ex sg/C

T ; 37] (Period Length, & 60%)

i) =44 (Objective Function)

T 7NN HEE AHGE M EFFYS,E FZEAA (Standard Delay) s B A
AT (Stops)& FH2E FAH glon theat o] He ).

Minimize DI = D;*D,+ S, S-Sy (2-10)

o 7] A,
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DI ; E-8A4 (Disutility Index)

D; ;W3 Y SYA G 2ErA A AT

D, . Z H3Ne] AL 7ER

Sy ;o HESY AAle] A Hxo] 02 WA (Penalty)

S c UEY Aol Abske] A xAE

S.w 3 2 BA ZY AAAL HER

oleb ol Akl AAl vfcratio7t 1.0 o] AFolm o] Mo AEk o Ut

< AolBEg WEE AMAAESE v AESHAY AHETFL G2 £ gl=
AYE Fysior sla, =3 249 3 F 24 A HAverage Delay)o] 78sces
Z38tE A4 (Lanc)olyd w29 ALdE Mulx £Z(LOS)o] “F'z
AEo] ARbA xg 9 AMAFGS oA £Ysiok 3o

& @7elME 2 @Al BABFH N-S ake]l %212 2(Thru Links) 9
T8 %‘ = Zﬂ/\l
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3. mA=Y B4
7 wARe) WEFAA BN, E2AA 24 L AsAARYE FHoE Ho] m
29 £5EFL AT 4 AN, AAHEA 2 A% HHAEAL 5o A As

F718 78 & ANew, AsF719 HHs FHEAANA FFA Azl AR
T@dle 7E HHAZFT] o E AASY
a71Me HEHQ AXN2ZR FHEFXY AAZE 9= SR

3.

1 Q AR(FR 7

Fig. 3-1 Kum-Jeong Police Intersection

Intersection Q

Average Delay (sec/veh)

terre Morning—peak Period
----- Afternoon—peak Period

Step

Fig. 3-2 Cycle Evaluation

ZMg 2X=2)

Q AR (FAZFAY nAR)=E 5
A2 HFEHL ANT AZF7E
200sec® #EFEAT. HAHIEA A
N-S #ake] AW A(Thru Link) 9]
EAMAZAZL] F7FE] AL N W
FAA-THAEH) ARG HIHAH
ol HiFE ZAAZAe] FAHAE
gl o] uf oH HAFAE <F 40%
o FHEAAAAZHY A8ARF] FAh
HA e FHFANNE oF 41% B
=7t 3718 ¢ F UG 4F 4
HoEAe HAEE AT 38%9
BEAAAZre] ZAsHN 33%] @
EARFo] Frtste ALE ek
o HHPAE uF AF FAHIE
Mg AARE doe 23 HAFAL
dele 37% HFAA ] A3}
AT 32%9 dsiRFo] FadYPe
o, o9} nlAIAR 0 F HFAZH
= 39%, 33%9] HEAAALEFH A
B4RFo] 77+ ZAIUT. H2AY
35 13T 9% FHIEAAAME
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2F koA WAz daanaFe] & Fom 3has =d, N WA A %

o) w2e AolAlE 97% Aol M AAA 7bo] ZrAastan 86% Awel dusRY
o] Zhastgltk, e S wak(sd Al ) WAY el A= 94% Awe] Hit A A A

| gashe 2o o 4 Qe ada, oA - oF FTAN A4 A
o e 2RARAe mAe) HHe) @AM P AEF7)1s Table 3-8% A

Table. 3-8 Cycle Length and Phase Sequence in Kum-Jeong Police Intersection

|

Setting

Node Q (AM.)
. Nude Q

o3

C)Ee
Length(sec)

Simulation

(%)

200

Optimizauon
(%)

Progressive

Optimization

Opumizaton with
Optmal Phase
%)

Progressive Optimization
with Optrmal Phase

2H HFAZY
i) HgEA

LINK 1701 MAX FLOW 5200 VPH PLT. INDEX .CO PVG 28%
6000+

: $S55SSSSSSSSS

: $SSSSS8SSSSSS

1 SSSSSS55SSSSSS

4500+ SSSSSSSSSSSSS

: SSSS5SSSSSSSS

: SSS55S555SSS5

: 5S585SSSSSSSS

: SSSSSSSSSSSSS

: S555SSSSSSSSS

3000+ SSSSSSSSSSSSS

1 SSSSSSSSSSSSS

: SSSSSSS5SSSSSSSS
:0000000000000001 IIIIITTIIIIIIIIITIIITE
:000000000000000I ITTIIIITITITITITIIIIIL
:0000000000000001 IIITIITIIIIIIIITIINIII
1500+0000000000000001 ITITIIITITIIIIIIIIIIIT
:0000000000000001 TITITIITIIIITITIIIITIIIINL
$0000000000000001 IIIITITIITIIITTIIITIITIITIIIIIIIIL
$0000000000000001 IIIIIIITITIIITIIITIIINIITIIIIIIIIL
$0000000000000061 ITTITIIITIITIIITIIIIIIIIIITIIINIIL
£0060000000000001 IITIITIIIIITTIIIIITIITIIIIIIIIIIT
AESERARIKHALD BFAIHRATIBRRXCIRFIIRE

12345678501234567890123456789012345678901234 567890

- |

< 713Add

W

o —

: 2RARMY wx2el K-Bound HI XM 2 AFAUA

260 ~ 300

c 2HAFAY ZEE 2| N-Bound x| =) xp
i) HHHFA

LINK 1701 MAX FLOW 5200 VPH PLT. INDEX .00 PVG 36%
6000+

: SSSSSSSSSSSSSSSSSSSSS
: SSSSSSSSSSSSSSSSSSSSS
: 555555SSSSSSSSSSSSSSS
4500+ SSSSSSSSSSSSSSSSSSSSS
: §S5555SSSSSSSSSSSSSSSS
: 5S5SSSSSSSSSSSSSSSSSSS
: $5SSSSSSSSSSSSSSSSSSSS
: §55555555555SSSSSSSSSS
: $85555SSSSSSSSSSSSSSSS
3000+ SSSSSSSSSSSSSSSSSSSSSS
: $5555SSSSSSSSSSSSSSSSS
: SSSS5SSSSSSSSSSSSSSSSS
- 10000000000000000000000 T 1 TTIITIITIITIIL
:100000000000000000000001 I TIITTITIITIIIL
:10000000000000000000000TIIT ITI1IIIIIITL
1500+I000000000000000000000011IIIIIIIIIIIIII
+100000000000000000000001 1 TITITIITITIIIIIIII I
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Fig. 3-3 Flow Profile Diagram
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