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ABSTRACT

The domestic road space is reaching the limit of planar space distribution, and Increasingly, the
importance of three-dimensional space distribution through the development of underground space.
therefore, In this study, a study was conducted on a traffic control method that can safely induce
two different traffic flows in the connection between the ground road and the underground road.
Through VISSIM, we calculated the appropriate amount of outflow and inflow traffic compared to
the capacity of the main line when there is a Merge/Diverge section in the underground road. and
Through the analysis of the number of conflicts, the appropriate traffic control level for safety in
the underground, A basic study was conducted on the level of risk in the underpass according to
the level of delay in the ground part through the analysis of the delay scenario of the ground road.
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1. @70l Y U =5

FEvets 1960 AFEANE o] AALY 2 wEAA FHOE TR ATV JFEH AN =
A dgol velgy nE558rt S wet 2 Ege] us AskEHAT gydAe nE 58 ¢
stz FEd B2 FHe] Aol o]FojF oyt dAolls WHA FIF Eule] AH tgo=Ea
t}.(Jeong and Yoon, 2013) o]A ¥ F-EE3 T2rhdko] Hal g RS A3 F7he] BeAjo] thF
Holl e} =25 ¢ o] WHo] ofd AF-AStE o] Folxl YAH FHOE NEFOEN EAFLHS B
o Z&HolA B8 3t T NEL AHsyF 8¢ AHolth

a8y BAAE FHeke AStER QlEgE QEH@_' A BAA A% ‘:EQPQI AAlE B4 BUHES
Aoy, o] A4 AR & 535S
G Hof v Aot AARE HE 5 %
o7 olf3 HEH FoAY nFEE B AdAE IAYAFES "de%}ﬂ] 'lgrlx:_@' T A= wAFA ] #etol
g A7 Bagh dFolth

WEHE HEZ7F 9 YRkl 40%0S o R & HAERA AFAME B4 AtER isf tiFEe] &
GA7F A EA el A2 RBAEAE FHACE nsjof Ittal YERoH, 1 F 53] HEF 711 A
Aol & -3]HE 9 AT BF3}; HRbo] AFEojoF st O E YEhY 1 FoAc] thFHETh(Park et
al,, 2021) =3 EAA AtER EA4 oF 40mZole] A E ASt=EE 14 Hel we} AR Zolrt
oF 1km ©]4 o & HAAHE AFE RS A-AA A At =3 FTMH o' s oF & Algloltt

It o ® A4 I&EEE JET 7] wEAY H LN E -‘H?} ATe QAR HAEE 78 A5
S 77E] AR 7 (Detector) & B3 FHE A FAHEE 7FEsle] 282 LSS AASIE AT Yang
and Son(2008) NEEE FHFE Tt A -AAS H 43857 Y3 %‘EU]Ei%(Ramp Metering) &
ATstRoH, o] FAA HEHR A AA7 9 A AAE FARAE il EFse 5 FFFlAY
AA AA7I] AR e} e 71 FERE P S T AAAE HAS S F UASS ¢ 7 UT 1
L8 BRFE B3 a&dA H&Eo R FAT T, FET VEFREM)ANA A TR Ed

des |
2)o] AT APt At FHOE, AEEE P84 F ALY FC] ul$ F2 F1hel s o]
&G AT 50| o|FAAEE A F2)7} F Q3T (Park et al., 2007) §3] AZIER9] A EFE T+
e A QA BRE NI E ek Abdol] A NA AFdte T AR WA S m|
Aol WAsh= Weto] asit)y dnkA oz o3 B4Le 2= fgolE el nuE S8 AFsta A&
ol B4& FHAT dA el ﬁ*ﬂﬂ TFFY AR E ALt EE2021d 48 NBE
T dlolEle] ol l%‘—;} “EUF ol el +9€A 1do] HA ol A5 HAAHAHE 2] offioh

© 979k ol A B4 olel) Gl A% LELIZRA AuA0E NG ARl AE
ol 41 1 rolek, AEOlH AT Sle] Gl Aol e SE UGS TS A e A
veles wEHos Ayste] 2AY % AN £E57] S8 B837] Wel B Aol Asic, wr
B B ATIAE HEAQ W ABUold 2P PIVAS] VISSIM ZEIWE BEe] A5=
WEASE TH3n B9 Ao A 5o =4 ASEE 93 99E 249 A 71%0#;% *
YoM, ATl BE A HAE AP A% 718 wEEA D Bl BHe| Ay 3
e 93 melslol @ 84 § FATE 9B AANEE 2L Bk

[ox
001
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B ATolA B4% 7P AlEF Ol 330 M= oF 10km ol Aolo] EA AstERE Yo £F &
= §R7E ol FoAE dARE HEF FRoH, T AlEE A AR WESH e Aol iEA £xd)
s AAskaL, MRHE 3082 A3 1A A B4l ARS8

=
o =3k AlEGolAd Ao AZ tE AFEYYHE Y-S 98] Random SeedE AA3IH O™ Central
Limit Theorem(CLT)®ll ¢] A3t 303] AlE#olAdS Fqstal o] 59| HA#hS HT #Oo = &8t

AT <Fig 1>3 22 AAE 93190, %*d 71E 1EEE29E OE AERY EAS RIYE 7]
S FF8L, AStEE Y-S, Q4R HERE, A4 T AFEE Y 73 54 £44 o

X
557 A3 B ALsH getstr] 9ls) /\]gaﬂo]/ﬂ A AFt=Z AA| G2 100m A 02 AR 7E
AAste ZF AR 7 FREE F5E HolHE 7|HleZ ANOVA #4S 538 2 77h8 fo4e HE
o g AFER Y 2 e EAZROE BEFYY.

3 ASER JAZ YIE AHFE A% A A B4 AU eE BgFRE 94 fE AYusE
o Wlgo] B AFEE A% el FHThoughpuy e EH 5 0w, A e o4 aﬂi SR LEED
0] 57 E(trajectory) S SSAM Z 2133} AAEl] g Y= B4 F el 4EF(Conflict) 4<
Tt o] FAHAA AtERAA FAAT F UE F5ETFYU THEFE FFRear-end)F AZHA A

Z(Lane Change)s #4% 4 Stk

F oA BA Ay es A w24 Aug e BAARE EYE AEGoldd A A4 nEFS
F]ltar, AstolA Aoz Este Aol AR A A B SRtk e LIEHE £
sgom, AEold ARE =& I £Eg3 AA MRS vlaiAste] 7708 Spill-Back £41%}
EExtolo] WE HPE BHE FYPFOEA B4 AsteE U dZ= HE57) e 7R & Y=
71%E& AXEte] F5 AA ITsAgHle FHHE A HolH 7wk Y E A AT wEE AN
Ae 71xGAY ATE FPsATH

| - Traffic Operation
] ] « Traffic Safety

+  Geometry 1
« Traffic
» Design Speed, etc.

« Literature Review

— « ANOVA Analysis

+ Perception Reaction Time(PRT)
» Driver Behavior « Operational Analysis by Section
» Average Headway (Throughput Analysis)
+ Car Models « Traffic Conflict Analysis

« Spill-Back Effect

« Difference of Speed by Section

<Fig. 1> Research Procedure
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1. AIZ20|M 7|28 7=

1) X[SI=2 7|28td 7y

ASER W AAZ J&5 7 ERF dRF g §A40] 7] BEEE, E AT A= of
<Fig. 2>¢} Zo] 2714 Fej(Ast W FF 2 £/ VESIE 53t ‘:‘“8}%10131 7V HlE°Jﬂ°‘0ﬂ
uel W5, b AEAR, FHAAL UL 5 47 e &
st ® o2 FE37] ) TUl EEEFHZMOLIT, 2013), TAIAE AR *:iﬁﬂxlﬁél(MOLIT, 2016),
ERo] g2 A Aol #9 7H(MOLIT, 20200 Farshich

ASER 7| EFHE B2 V|8t FRS Aol HARE FAHY, o| EAFE £ HEERRE &9
Hog2 FAFEAAS(f)7F 100]2, A2 EF P SUARE BAAS(,)E oA 20Y 74
Forng 7|EEFS AHs= o] T8 B AFdAE EAAY ASER AAAHNA A=
SREFHPL] AZER {8 1 MulagFE E e nEFe §3o2 dAsion, B4
T2 Ao Aol Mulx ¢ FEE A8 3 Avel e B4E sk o] o] B AT
A ARG AR 7 BEAH L ol <Table 1>7 2T

UE

(a) Diverge in the Underground Road (b) Merge in the Underground Raod
<Fig. 2> Two type of Underground Road Network

<Table 1> Simulation Environment Setting

Categorize Contents
Basic Section Ramp
Number of lanes One-way 2-lane 1-lane
Vehicle type Small cars Only All Models
Capacity 4,000pcph 1,800pcph
Total length 10km 1km
Design speed 80km/h 60km/h
Ground—Underground transition grade + 8% + 10%
Lane width 3.5m 3.5m
Deceleration/Acceleration lane 205m 180m
Depth of Underground 40m
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VISSIME 283 TAl X5IEE HHZ YT MM st 7|xAT

2) Aotz EY ¢ty

B, A=z ¢ 59 9 AAe R % o, #Hf el AgHor =T AEt He
T YHEEeE T8 uEEAC] UEhdth 535 &Rt 2ol A Yol wE AR o] 22
Fole A7 7SR 9 ARl et FEE UEhY 24l wle F8% 247F HTh Park et
al.2021) S A= AARE HF&Ho 8 EAL gotaly] Yl B4 AsteE o BeEd AAo) FodstA
U A4 A5 T A2 63 A I SHA XY Lo tE AT7E T HE
7F aEl3 AlEFIA B4 Foke AUt 4900l tid ARV - H DG A (Focus Group Interview, FGI)<
5o AR AdAE H&ERHY] F8 EAS EEsa #d HALAE AES AAE of#f <Table 2>9
2ol Aestgion, #d A 2o AEstd o Zrh

O ABt=E ZYareFe] B AAAE e a2 A 7hex] B8

@ AEE Y dAE dASEE AR B SaEs 183 kA 24

Q) A&Eds 2-A9] A YeiHstE Qg AANESAIRE 1 2 BE AEE AA Z8

@ Ast= W 295 FDFAHFA ) wE AAAt e 7FA e

<Table 2> Main design elements of the underground road connection

Categorize Major design elements Operation situation Other
® Minimum Separation Distance ® Dotted and solid line operation | ® Light Adaption
:;ﬂct ?;;]1 ® Number of Lane ® Adjacent intersection signal ® Driver Reaction Time
Ground ® Design speed / longitudinal slope ® Location of Inflow Section
® Minimum Separation Distance ® Dotted and solid line operation | ® Light Adaption
Outflow - - - - - - -
Section ® Number of Lane ® Adjacent intersection signal ® Driver Reaction Time
® Design speed / longitudinal slope ® Location of Outflow Section
Merge | ® Acceleration road length ® Dotted and solid line operation | ® Driver Reaction Time
Under | Section | e longitudinal slope ® Lamp metering e Vehicle waiting space
Ground | Diverge | ® Deceleration road length ® Dotted and solid line operation | ® Driver Reaction Time
Section | e Shoulder Width/Separation Distance | ® Information providing facilities

ojof & AFoAE did AFUES FudtsE s AYSE 7Fd 2ol AstEE §A4S RFFEA
th o & Eo AR Ul &Y AFY AAREGAILE Ao sk SRR S EAAY A
SR AR wet das D Fesdd E 2EESAIZ 325 185k 65m(80km/hx3s)E F7HEY
aom, AAS =Gk e T kARl Hagolsh Hamol T3k dolg Zhzt A4s gt
Entrance Line (L;,) Exit Line (Lou)
/ AN
. 3 Accfal;rjstion m Taper Taper ‘m Deciil:;:tioni Ramp
(D) (D) | (D) @) | ) (D)
Speed Underground Road Speed
Changing Lane : (Tunel) Changing Lane
<Fig. 3> Design Elements for Speed Change Lanes on Underground Roads
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VISSIMS- Wiedemann(1974)¢] 71&gt 42 Py AMEST)E Wiedemann 282 A3 5 (Free
Driving), % T(Approaching), 5% (Following), E.#|©| Z(Braking)2] 47}A] el 7| z3=d o] F A
o] "h-G-A|7bol| wE} A H(Approaching), FF(Following)Al 2] 2HF3HA0] ZEjA|H, He o] A (Braking) A2 &
74 vl go] GEAE T 4R AEd Wi Ao 2 B Ak HFo] o|Fox myo
t}.(Kim, 2018) Wiedemann =82 oA A g o] HH o wel Wiedemann 74 =& 3} Wiedemann 99 = ©
2 o]z =Hl, F EF ] 2to]H 2 80kmyh PIFHl| A o] QEHo]A A7} 74 B o] 99 RYP KT ATH=E A
ojty. AAH O T T&F A= 74 BF o] AjYeta, A&R{ FRHAE 99 BYo| Agsith B A
o A= Wiedemann 99 28-S 283} Th.

e

<Table 3> Characteristic of VISSIM Wiedemann Model

Categorize Contents
Wiedemann 74 Model o The safety clearance is increased by the square root of the speed
Wiedemann 99 Model e The safety clearance is increased by the linearly with the speed

22 Wiedemann 99 2 &l A akel 2 do| A &xAbe] SHPE AfolE 1efsty] A3 MR HERe

3 2FE HHAFAIHE ZESFY T Korea Expressway Corporation Research Institute(2017)1 A&

o wFEEAH I wFEEAAE Blusty] et WE 232 FRIeA o] Ao £ g AFARE

st o.H, ot <Table 4>} o] A -F3h AFH HAAFARES AT 244 % H8-53

Ago] S8AY Y AERe v EAS Hole HYERA Y HaTAgte] YEHRRT oF

101.78% AA Yehtes ALoE EAEGloH, o] B AFdA e HollA A Wiedemann 99 E &l E'd
A

2 AEze] AFALF 5L wgstel ABdod B Y

<Table 4> Characteristic of VISSIM Wiedemann Model

Categorize 1 lane 2 lane Average
Precefiing Follo@g T@el Genc?,ral Tu@el Gen?ral Tmel Gem?ral Percent(%)
Vehicle Vehicle Section Section Section Section Section Section
Car 2.99 2.98 5.29 521 343 337 101.78%
Car Truck 4.08 4.02 7.85 7.06 6.86 6.27 109.41%
Bus 4.00 4.08 8.43 8.37 5.88 5.93 99.16%

<Table 5> Vehicle composition of the VISSIM

Categorize Car Type Length Width
Volkswagen Golf 4211 2.004

Audi A4 4.610 1.949

Mercedes CLK 4.644 1.999

Existing Peugeot 607 4.760 2.069
Volkswagen Beetle 4012 1.852

Porsche Cayman 4.359 1.970

Toyota Yaris 3.749 1.987

Kia Morning 3.613 1914

Modify Kia Sportage 4.488 2.098
Hyundai Sonata 4.394 1.895

64 PUTSYIY=2N| 203, M52(20214 109)



VISSIME &8%h T4 X|st2 HZE EE MHE fIF 7|z TF

1ot

E3E FA VISSIMZ sf 2ol JiEE -8R Folr] dEel AFL F, dE, U= 5 o] Ao T
dE ol ol =l AF3 Aol zhol7h vk whEkA 49 AFAFE =ol7] sl T £2F A (283, &
3 SUV, 82 Adeg 4 vt

E

A
23 <Ql Surrogate Safety Assessment Model(©] 3} SS
73

g% (Lane Change)S A4 =8 285l A=z W 2 3 3ol mE Ad= £4< 3

Ea AT W A A ARe] e APE B 71 2ATE 98] AR A HAS gl At

o BAe FUsgT. Avele BAe AstE

B Skmh ©912 Folr 24 Sy ol % DR

Az AR A AL A JFE BASIG O, ol FAA SEGS BE T &
=

=>
g 53 Ao AAEE steksitt 18T iAo R $5} o] B ME A HAY 4 &
= [¢] =13
o ey =

of FF [TV YA PP T 2AL FASIYTE FA% BHS AFE Aol BAFE UF
9 BNE 34 £EF o83l WENY BAVL Jbsshu, HIRW SR8 2ol shsde 24

o] olstth= A& 7HAIL Utk (Lee et al, 2008)2 DTN FHst= T4 EAAEE QA of
Z

<Table 6> Simulation Measure of Effectiveness

Categorize Measure of Effectiveness (Unit) Time interval
Average travel speed (km/h)
Occupancy (%)
Traffic Operation Throughput (pcph) 1-5 min Aggregation
V/C ratio
LOS
Rear-end Conflicts
Lane Change Conflicts . .
Traffic Safety - Individual vehicle data
Spill-Back (%)

Speed Difference by Section (km/h)
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B g0l Sslook Aek P BAL FUS) AT ASER 12T 3 AR AR 72
& W3] Aolstolol st WAl SR eFUYe|H Fold D= T JFA| Wl WAL
FoA o, AT F9E VYA 2 UL BAE S A Grin SaA
a}
%l

_a oF, Olﬂ

i
o

2 AFellA= ANOVARA S Fall 7308 FodE AR on, HE Ao met Astez 1 £4

Kim and Kim(2006)2 1452 922 FHES SF A, &7 &
HAA7E AX 81, 30 GYE nEF PAR=E=

H4E& £3589 o Aol w59}l (Breakdown)ZF HAY =
T A nFF B FFFY FHE IS E‘—éio}"ﬂlﬂr

Yang and Son(2008)& ALEEE HRTREY] HA HAY] A HAE 4% 3}7] A 7V AANE R
2 A% 150m HEA o2 AXsta ZF AA719 A& dolEHdd tig {§-F7HdHypothesis test)S 53l
IEEE 7| B0 RT3 AAE AAsAT

Kim2009)& ¥F< 4o 2 nFFH7l Wslste FelE 45H 0|1, FAHoE EXgitts F3 o wat
NCITAAZE A 24 At 53 vlolEE& EA3 AHE AANHAT BAYHOEE A%
FE£5 95T UEEAS FFREE VIToE 4R 9 sEE A4 500mH S E Yo E AFHE 24
S 53 A3t 7 ERYS 3T A83 752 0 ZE Greenshields =3 ¥ Underwood 28 ©] 9loH,
&5 100moll A 3HF 100m T7He HETRE, &R 100mol Al M 400m TS SR fA] 2 MR

o2 FAsAT

Lee et al.(2009) &% S OGO V&9 IFAS IR FAUAE VFoE TR A
HEFgd 2 A2uAel o HHIFAS AE3517] 918 Root Mean Square Error(RMSE)E 7|52.2
FAA dloleet 7k 17 vlolE o] xpolE B3 A, FHFAHOZEE 300mA Y 7HA 9] AxzI} 2
T 3FY FAHdgdor TEHY o, 300mollA 500m TIHS 1, 2, 3AEV}F Y & IS e QoR
EfubtT

ol E Al AAE HER wEF A4S BHoh AUsHA BE457] A3 AA71E 100mtE L
= }‘472]'5}04 HolHE FHs9oH, 43 HAF&9 4 EA(ANOVA: Analysis of Variance)e F3l T3¢

o] 8e AESATE AlEH A A 7PEHEAT 9] AAI9A 9] d A= <Fig. 4>3 ZTh

iz ] o
) e e | PR e EESEEEEETTIIEY TICrErn

\

<Fig. 4> Example of Detectior Installation (in Diverge Section)
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7} 7208 A HeulolEE ASER BAle] gl weh 2ok F gome, B AT Auge B
He 93 wale] gFinl 29 AF v gUR AHEL AEAAT o2 <Table 7>& 7 ARINA L2}

£& BolEnh 2AE weh 2ol AAE &R 2 347 HeolHE 100m HAYE B
27] Bhe gele 46ee HolT gouk, FY TIAE o AR FAR g AT dE A

<Table 7> Detector Result of Diverge/Merge Section

Ratio to Capacity
on Main Line
25%(1,000pcph) | 19.33% | 19.35% | 19.53% | 18.45% | 19.19% | 14.24% | 14.16% | 14.19% | 6.84% | 6.72% | 6.75%

(@) 30%(1,200pcph) | 19.46% | 19.55% | 19.79% | 18.43% | 19.62% | 13.29% | 13.18% | 13.20% | 8.36% | 8.15% | 8.17%
Diverge | 35%(1,400pcph) | 19.49% | 19.67% | 20.18% | 18.54% | 20.84% | 12.42% | 12.24% | 12.26% | 9.87% | 9.56% | 9.56%
Section | 40%(1,600pcph) | 19.99% | 20.19% | 21.03% | 18.77% | 23.22% | 11.58% | 11.31% | 11.31% | 11.49% | 11.10% | 10.99%
45%(1,800pcph) | 20.56% | 20.94% | 22.18% | 19.06% | 26.55% | 10.76% | 10.40% | 10.37% | 13.47% | 12.73% | 12.43%
25%(1,000pcph) | 10.98% | 11.00% | 11.01% | 16.50% | 15.72% | 16.29% | 15.56% | 15.49% | 5.93% | 6.58% | 6.59%

() 30%(1,200pcph) | 10.98% | 11.01% | 11.04% | 18.33% | 17.30% | 17.51% | 16.42% | 16.37% | 7.32% | 7.97% | 7.98%
Merge | 35%(1,400pcph) | 10.98% | 11.01% | 11.25% | 23.53% | 18.96% | 18.78% | 17.38% | 17.29% | 8.72% | 9.39% | 9.40%
Section | 40%(1,600pcph) | 10.98% | 11.06% | 12.59% | 42.92% | 21.26% | 20.06% | 18.20% | 18.16% | 10.99% | 11.51% | 11.60%
45%(1,800pcph) | 10.98% | 11.19% | 15.62% | 74.00% | 22.50% | 20.45% | 18.50% | 18.54% | 31.18% | 25.00% | 25.55%

Categorize DU3 DU2 | DUl | DRC1 | DRC2 | DD1 DD2 | DD3 DR1 DR2 DR3

2 "HolHE 7|ito2 7+ AX 7Y dolge 78 FAA f94E& HESH] 98l ANOVA EA4& &
At ANOVAEA S o] AeS Hlud o Abgste 7RI e= 4 b E4k(Variance
Between Group), Tt U] #-4k(Variance Within Group) 7|¥+e] FREE o] &3lth= HollA B Ao A3 st

o

<Table 8> ANOVA Result of Diverge/Merge Section

s Rz(l)tlilo 1\t/[(:l h?aizfeity Average Occupancy Analysis Result by Section Slm{:Nargégein:g, SiSSc;ctlon
@® ) ©) @ ® F ratio | F rejected | Result

25% 19.1% 16.9% 18.8% 14.5% 6.8% 47.36 245 reject

(@) 30% 19.1% 16.4% 19.0% 13.5% 82% 22.83 245 reject
Diverge 35% 19.1% 16.0% 19.7% 12.5% 9.6% 11.74 245 reject
Section 40% 19.1% 15.6% 21.0% 11.5% 11.1% 6.53 245 reject
45% 19.1% 15.1% 22.8% 10.5% 12.6% 4.55 245 reject

25% 10.88% 13.36% 16.11% 15.79% 6.56% 27.30 245 reject

®) 30% 10.88% 13.84% 17.82% 16.80% 7.96% 16.24 245 reject
Merge 35% 10.88% 14.33% 21.25% 17.80% 9.44% 1142 245 reject
Section 40% 10.88% 14.80% 32.09% 18.70% 12.75% 13.15 245 reject
45% 10.88% 15.05% 48.25% 19.13% 27.70% 36.70 245 reject

# The confidence interval for hypothesis testing is set at 95% (significance level of 0.05)

e

R BT B ATAE 9 BAGS B2 44718 2 THER BRIgon, BRE & 78
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3 o 3}
ek B4 AR A QoA 7 BRE T ARES FT o7k Y ACE(H, /12 e
on, o] ¥ AFAAE AFER W FIHE DAS-AS AER, QAFEA, ORF B FRE @A

B AFY e AR Y £F Z2 dR Us A FEEHE w5l uE AsteE A3t
o] AHl2 Fo] D-E FHE FAS] 9% AR AFe glshr] AT AoE &R EXlge U E
Fols BA QY wEHE MulA £ E F59 4000pcphZ AH3IHoH, o]F AFE FEUEFS
B &5 Hl 5%200pcph) T E FS7HA7IH B4 Ttk E=8, FFREIT EA8e HES A=
B4 X9 2FFSs ARl FF D 59 2,300pcphE AAsIHoH, o]F A

2 FYuEEs ERF
B9 A9 SUS 59T Z7IA7IH BAL Sasiat ol ddse] g3 137 ddE J)E
1,800peph E-41-8-2F4,000pcph) THH] 45%0] FH oje] B AeA 19-1% AAd2 ke Hu)
WEZ HLS 40%2 IR o] B 359

<Table 9> Operation Analysis Results of Diverge/Merge Section

. Inflow or outflow Analysis Throughput | Average traffic .
Categorize st Sect?on (pcsll:)p . peedg (kmph) Occupancy VIC ratio LOS

@ 4,000 81.36 19.1% 1.00 E

) 3,437 81.11 16.4% 0.86 E

(1,233Z1ph> ® 4,000 79.50 19.0% 1.00 E

@ 1,214 60.56 82% 0.68 D

Di\(/ae)rge ® 2813 81.37 13.5% 071 D
Section @ 4,000 81.36 19.10% 1.00 E
® 3,244 81.26 15.60% 0.82 E

(1’63?)@)11) &) 4,000 73.37 21.00% 0.67 D

@ 2,415 82.09 11.50% 0.61 D

® 1,613 59.7 11.10% 0.90 E

@ 2,300 83.70 10.88% 0.59 D

) 2,911 82.04 13.84% 0.73 D

(1,23(())Z;ph) &) 3214 68.71 17.82% 0.81 E

@ 3,497 80.39 16.80% 0.88 E

M(ebr;e ® 1,200 61.51 7.96% 0.67 D
Section @ 2,300 83.70 10.88% 0.59 D
) 3,110 81.87 14.80% 0.78 E

(1,6?)(())Ziph) &) 3,476 4385 32.09% 0.87 E

@ 3,892 80.13 18.70% 0.98 E

® 1,600 54.73 12.75% 0.89 E
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B AT A Au|ageE 4SS T2 EFHTAA AASL JE VIC 7|EY UES 7]FoR —a}oq 2
At B4 AtEE EREG FREVE EASe UMEYA AA FHe] Auls FF0] DE F
02 fAHE 942 £ ¢ nEFS, B4 S50v] 30%(1,200pcph) FFHE] UERLOH, o] % 40%77}1]
AAHoZ A AR~ FES FASL §lof, Atz W B-FF57F e A¢ A4 /d-7E 15T

o B L] 30%~40%FFO 2 Ao]Fojof & Ao FHHAL

2. AEEy

B A e g AF3 SSAM Z21HE B AR ] THEE A4S S(Rear-end)2} AZH7
4% F(Lane Change)E E413FATE SSAMS AH9] 9] #E, &5, 7M&EE AR 58 53 o|54A< 4
A FAs NS 483es 9T  Jon, olgd AT AFE WA A 0 dig A9
st 91¥% £49 oig] 3 S(surrogate measures) 2 ‘d2] &-8HTHKim et al., 2020).

SSAM Z 2713 A3S 93 ABAZE A H E(trajectory) AR Z G AHFE VISSIMo| A o] HA-S
53l *uj I4Y FEIE 4T 4 ok =8 Vissim VIEY T Y *inpe SSAMol A3 453 9
AAE A3 & £ o VISSIMF SSAM Z2 713 7he] 538 #A Uit A== <Fig. 5>9 2T}

Setting VISSIM Parameter Practice
VISSIM Network VISSIM Options SSAM
SSAM Analysis VISSIM file call up Sss‘a“fafn';atgs's
<Fig. 5> VISSIM & SSAM Process Flow Chart
<Table 10> Traffic Conflict Analysis Result of Diverge/Merge Section
flow
Categorize o(r)ultnf(l)ow Rear-end ChaLf;ng Total Increase wzm
Conflict . Conflict Rate g
Percentage Conflict 3 200
20% 7 6 13 0 £ o
(a) 25% 8 7 15 15.38% g oo
Diverge | 30% 20 13 33 120.00% 8 s
Section |  35% 2 13 35 6.06% TEm wm wm e
40% 52 24 76 117.14%
20% 78 10 88 0 o
25% 119 14 133 51.14% § o
®) 30% 203 28 231 73.68%
Merge | 35% 418 62 480 | 107.79% § o
Section E,Lﬁ
40% 1404 171 1575 | 228.13% .

AFeE o BFE i% PRI 59 nEF veE HF 4F TSI Uis 44 £F
H UENINME FERFT 30%-35%2 A-F2 4F 7 43 S8 ASE Yt

Vol.20 No.5(2021. 10) The Journal of The Korea Institute of Intelligent Transport Systems 69



BT MY 7| £t

o

4

22

<
wn
@D
=
fjo
ik
ofo
ro
Fn
0z
)
_O'L
Fn
tu
|-O
I
tu
do
nek
fjo

FRE MEYIAAE FY oy LE
35%HE 2 o144 3557t %7}%}% 102 ey ASEE qelel Yo
3 TUY SITH A FUHA AR ARAA £, FEAS 23YE AT
TS Azojelr] FAATE R el 30%-35% FEAAS] AV B Ao RAHY,

bl

oft

3. AI-EA RIEE BN

2 ATdAe oA 243E 7 IR 2AE Fel AEd AR AYFE nEoE AR A
= 5 AR AABA ARl wE Ast=E i Y= A e At Ayee #4&
T Ao A-AA G BE APE BHoRE -S04 Spill-Backell o3 G, 7308
Ex2t0lE EAECH, AU 24& fdl AstER A& F AGERY FFE &R A-A
A dgor st A A-AA ol wet JE 5 ASFe] £5F 50km/h, 30km/h ©] % Skm/h T4
2 FYsT o71AM, AdelA Atz Y A AR A-GA GRS At wF sFel %S 2
FA B Ao® Fdste] B dAoME= AHsHA Ptk

1) 222 UEY3 A EH s 24

TR B AAA 24 el AdR, B2, AR 7ol e 7 £EAk0) 9 Spill-Back
VEFE 2T A ok <Tabel 11>3 2o} E423 7318 L2ato)9} Spill-Back Y& 27 HEZ -3

<Table 11> Analysis Result of Spill-Back Effect and Speed Difference of Diverge Section

Categorize 50kph 30kph 25kph 20kph 15kph 10kph 5kph
Entry Analysis | 0.16 0.17 3.18 23.61 16.59 11.25 9.49
Speed (@-©) Value - A0OlL | A300 | A2043 | W7.02 | V¥534 | W176
Di(a) Difference Ramp Analysis | 0.40 11.64 32.11 42.68 4837 52.87 56.23
verge .
Secﬁfn by Section | (60kph-®) | Value - Al1123 | A2047 | AI057 | A568 | A450 | A337
(kph) Exit | Analysis | 0.71 126 1.69 351 £272 | 6839 | 6998
(@-®) Value - A0S56 | A042 | AIS2 | A3921 | A2568 | A159
Entry Analysis | 100.05% | 100.05% | 99.72% | 95.04% | 89.83% | 84.78% | 77.89%
(©@+D) Value . 0.00% | V¥0.33% | VW4.68% | ¥521% | ¥5.05% | ¥6.89%
.(a) Spill-Back Ramp Analysis | 99.19% | 98.89% | 94.71% | 82.82% | 67.03% | 3554% | 31.05%
Diverge .
Section Effect  |(©+1600pcph)| Value - V0.29% | W4.18% | W11.89% | W15.79% | W31.49% | W4.49%
Exit Analysis | 96.75% | 96.75% | 96.86% | 96.95% | 9747% | 97.05% | 87.24%
(®+@) Value - A001% | AO.11% | A0.09% | A0.52% | W042% | V¥9.82%
80 1
70 o
60 07
50 0.6
40 ° 0.5
30 //I | y g‘g
20 // pad / 0:2 I I
10 ‘a 0.1
0 — ,' - | [ I I I 0
50kph 30kph 25kph 20kph 15kph 10kph 5kph 50kph 30kph 25kph 20kph 15kph 10kph Skph
u Entry (D-@) # Ramp (60kph+®) Exit (@—®) 1 Entry (@+@) u Ramp (®+1600pcph) Exit (6+@)
Speed Difference by Section Spill-Back Effect
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VISSIME 88t TA XStER 22 YIHE MHES 9IF 7| 2T
YF-REF ¢ o2 Yepgon, SE3polo] S4go] A7) Yehu= 742 15kph~30kph AlU=] 2 71k
[

2 yehgton A-AHAo wE Spill-Backe] FFo] A Yelus A BZAZO 15kph AlUE] 2 RE
Uehhe Zlo s EAEI

R e S B4 T8 SEAolE AER-AZ YR w02 B Ug
ool ol THE B4 AERAAS] §80) 14 ROR, UED 45 A A A Lo
Ak GE AYS 02 GPE T A0 Uehdeh A% A ARo] B2 spill-Backe] FaFe] A 1}

1-?_

= o}
4ﬂ£$Ei FEH0E Uehbe o2 BAgd gl Agnel 24
A7 &

<Table 12> Analysis Result of Spill-Back Effect and Speed Difference of Merge Section

Categorize 50kph 30kph | 25kph 20kph 15kph 10kph 5kph
Entry Analysis | 092 0.93 0.93 1.98 7.99 24.82 27.03
(@20) Value - A0Ol | A000 | ALOS | A601 | Al683 | A221
Speed Ramp | Analysis | 333 2.78 2.78 1763 | 3455 | 4378 | 4438
Difference
(kph) (60kph-®) | Value - V055 | A000 | Al485 | A1692 | A922 | A06l
Exit Analysis | 320 40.51 26.74 12.24 7.39 6.01 5.83
M(a) (@-5) | Value _ A3732 | WI377 | W1450 | W485 | W13 | w017
erge
Sectfm Entry Analysis | 100.04% | 100.04% | 100.04% | 100.00% | 99.38% | 93.54% | 92.49%
©@+D) Value - 0.00% 0.00% | ¥0.03% | ¥0.62% | ¥5.84% | ¥1.05%
Spill-Back Ramp Analysis | 99.51% | 99.49% | 99.49% | 94.18% | 8346% | 68.16% | 66.76%
Effect  |(©+1600pcph)| Value - V0.03% | 000% | V¥530% | ¥10.72% | W15.30% | W1.40%
Exit Analysis | 97.29% | 95.28% | 90.80% | 88.24% | 84.28% | 6256% | 58.08%
(©+@) Value - 0.00% | W4.48% | ¥256% | W3.96% | W21.72% | W4.48%
50.00 100.00%
45,00 90.00%
40.00 80.00%
35.00 70.00%
30.00 60.00%
25.00 50.00%
20.00 40.00%
15.00 30.00%
10.00 20.00%
5.00 I I 10.00%
0.00 —.. - - 0.00%
50kph  30kph  25kph 20kph 15kph 10kph 5kph 50kph  30kph  25kph  20kph  15kph  10kph Skph
m Entry (D-@) m Ramp (60kph+®)  ® Exit (@—6) mEntry (@+®) mRamp (®+1600pcph) | Exit (§+@)
Speed Difference by Section Spill-Back Effect

7 RGRE W AREE AR AR AHA AU BT HALOR 30kph FEOIA T2
SEAolk WS A0 15kl S AYRE DAL Spildack ol 1A A2

i

Byt ZENER 7EAEAR 27| EH SATEEZY A9 B dg 50kph o4 Ao w9l
2, 30kph~50kph® 73943, 30kph ¥ - HA 2 Aeela g;ouq = 30kph oY AL
U, ph25kgh A AL, 15kgh V1B A9 BAE BEID A,
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F7h ol ROl AFER AAR AEY P BE A HAG PSL AF T 4FS A2 A%
R BEEAT AREE ) T8 A7) HolHE B8F A UE BH 2L ANFORA FF
AA ASFEZ W ITS AHIE Fal FABE dolg swe] JPE B4 U A Aol HIHS AN

& Qe 712eAe ATE AT,
PTVALY VISSIM ZZ2 138 &-835}e] % }cig,] E4O w3 S Ee ods AEr 17k /)R
S FZ33, ANOVARA S o 771 frol4dS tog
o HA4e Suste Wke ANSHA O, ASFER ) BHFRY FEHY BFF Vg BE
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