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ABSTRACT

Access management is aimed at preserving the road’s high intercity mobility. In urbanized areas,
immoderate acceleration lane-length requirements restrict the accessibility of land. Therefore, there are
many opinions to revise the minimum acceleration lane-length requirement. For this purpose, it is
important to diagnose the effects of slow vehicles on the mainline. This study analyzed a single merging
vehicle’s total delay occurrence depending on the mainline traffic flow rate and merging speed. A linear
relationship was observed between the mainline traffic flow rate and total delay. As a merging speed
increases gradually from 40km/h to 100kmy/h in 20km/h intervals, the total delay decreases by 5.0, 1.6,
and 5.1 times, respectively. This shows that the ideal condition with the total delay is less than 0.5
vehicle - sec when there is no speed difference between the mainline and merging vehicle. On the other
hand, given the one-second response time of drivers, the total delay occurrence was slightly low when
the speed difference between the mainline and merging vehicle was less than 20kmyh.

Key words : Road access management, Acceleration lane, Total delay, Merging area, Merging speed
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<Table 1> Facility size classification depending on minimum speed-changing lane length
Size of a Facility Facilities
Industrial complex, Service area, Gas station,
Large Facilities with more than 51 parking spaces,
Houses with more than 101 households
Medium Auto mechanic, Facilities with 21~50 parking spaces, Houses with 21~100 households
Small Passage with more than 6m wide, Facilities with under 20 parking spaces, Houses with 6~20 households

2) =29 XAl 7|&0f| 2tet A

MOLIT(20132)= =29 7 A4 7]Fol B3 73<& 343t Utk MOLIT(2013a)0] W2, 7M&A1=2
o] Aol It o R &AL t7] FHATE X8t Tho] Hag AYE AR Holof gtk Iy
T A9, AE 74 T EYo| ARt HlEo| ol $E&AFETGE EYY FYPEL S 12t 13
PSjton?] W& THAE EYE VIR0 JpEAIR Y do] FA9 ZAR et Eq ()2 AR ] Ao
£ Alalste AF2lolw, MOLIT(2013a)E HAA 2] Hi 7H4EEES <Table 2>9F o] A A3k At Eq (1)
o] 7hEAE Aol A4 <Table 2>9] 7HEE #hs o] &ate] 7hEAtR ] L840l AL H, 84 F
9 HAV|EAE 1t 23 22 F2-AA Vol #e 2 A4 2 <Table 3>7 £

2 2
V] T Uy

_ s 1
2a% 3.6% M

L : acceleration lane length (m) a : acceleration (m/s%)

v} : accelerated speed on acceleration lane (km/h) v3 : initial speed on acceleration lane (kmjh)

<Table 2> Average acceleration depending on driving speed (MOLIT, 2013a)

Driving speed (km/h) 70 63 60 55 51 50 45 42 40 35 30 28 20
Average acceleration (m/s>) | 028 | 0.34 | 036 | 0.41 | 046 | 047 | 0.54 | 059 | 0.63 | 0.74 | 0.88 | 095 | 1.38
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<Table 3> Acceleration lane length in “Korean rules about the road structure and facilities standard”

Mainline design speed (km/h) 120km/h 110km/h 100km/h 90km/h 80km/h 70km/h 60km/h
80km/h 245m 120m 55m - - - -
Ramp 70km/h 335m 210m 145m 50m - - -
design 60km/h | Acceleration 400m 285m 220m 130m 55m - -
speed | 50km/h |lane length (m) | 445m 330m 265m 175m 100m 50m -
(km/h) 40km/h 470m 360m 300m 210m 135m 85m -
30km/h 500m 390m 330m 240m 165m 110m 70m

3) AASHTO(2018)

AASHTO(2018)9 = <Fig. 1>3} 28 744312 A7 &
Ha AEAE dol& YehH, L= 2AE MAS 9% 1t
9w gt} AASHTO(2018)° 4 <Fig. 1>3} <Table 4>& &
2 FF3E 22T BAY £ Hlgle] oF 10kmh W9 SE3po]|E A BAo g RS & %

= AAsta o

[Thm“gh Lanes Nose Width 2 =10 # [0.6 — 3.0 m]

‘ PT

Typ.12ft[3.6 m] Lg 300 ft [90 m] Min

La

®
<Fig. 1> Typical acceleration lane design (AASHTO, 2018)

<Table 4> Minimum acceleration lane length in AASHTO(2018)

Design speed on ramp

Stop

Mainline design speed Condition

20km/h | 30km/h | 40kmyh | SOkmjh | 60km/h | 70km/h | 8Okmyh

Initial vehicle speed on ramp

Design | Merge | b | 20kmyh | 28kmh | 3skm/h | 42kmh | Slkmyh | 63km/h | 7Okmyh
Speed Speed

50km/h | 37km/h 60m 50m 30m - - - - -
60km/h | 45km/h 95m 80m 65m 45m - - - -
70km/h | 53km/h 150m 130m 110m 90m 65m - - -
80km/h | 60km/h 200m 180m 165m 145m 115m 65m - -
90km/h | 67km/h 260m 245m 225m 205m 175m 125m 35m -
100km/h | 74km/h 345m 325m 305m 285m 255m 205m 110m 40m
110km/h | 8lkm/h 430m 410m 390m 370m 340m 290m 200m 125m
120km/h | 88km/h 545m 530m 515m 490m 460m 410m 325m 245m
130kmyh | 92km/h 610m 580m 550m 530m 520m 500m 375m 300m

Acceleration
lane length (m)
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2 Pipes(1953)°ll 25t *-2 FHE o] Z GHRE 2 (Chandler et al., 1958), CAX 2 (Kemetani
and Sasaki, 1959), 1% =2 (Helly, 1959), APE. 2 (Michaels, 1963) 5 Th¥FsHAl 5o Skoh(Mark, 1999) 2000
Aol o]28 e F470]28 HE3 2 Eo] 2 AREEH Sl =, (Newell, 2002; Daganzo, 2006) <Fig. 2>,
Eq )9k #o] atgFe] &£xe} 7hAZ e P BAE oH Aol &5 Ak ATk Yeo et al.(2008)7 Yeo
et al.(2009) 5= Eq (2)7} stop-and-go AE]S] EF 5 WHE3HA Reth= A& A5 NdE 2ds
AANS7E st T2y £ A9 B AAGGA fze} BAzke] 9d 8ol ofye, ERAHE

A ZZo] A3 AR FAHE o] JOoBE Eq )9 71EAS AFFFolE RdE Hdio] Jhssith

(t) B AT T R P L LR L L PP PPNy (2)

n

xn(t+7—n):$n*1
x,(t) : position of n™ vehicle at time
d, : n™ vehicle’s space displacement relative to the (n-1)" vehicle

7+ n™ vehicle’s time displacement relative to the (n-1)™ vehicle
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/
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>
[}
Q
c
5
N
T
K
S, "
L
A
time, t

<Fig. 2> Linear approximation of vehicle trajectories (Newell, 2002)

2) X2 HEH
2207 Yel= A “Normal merging”d “Courtesy merging”, “Forced merging”SZ EFE 4 SQIth
(Choudhury et al., 2009; Mathew, 2014) 27 qAPEAA A& <Fig 3>3 o] E7E
merging> AR AMMAC] SR v AR Ao FEFS vIAA ¥, AZE WA FEolth
Courtesy merging¥} Forced merging A AF= 9] A7H7HA 0] F231A] &g of WA=, FFAtEo] A=W
7 YAFE 9Hg S u T 2jgo] 58 oy a2 < 813 E 7% courtesy merging®] 7Hs3tth
SApFo] RALEOA YREA S A FFRAFE forced mergingS T3 AHE WS A EsHA Hoh
EA o Y3 ALAgFe B Bl FH(void)S FAst GAH R FRFY &S AT (Laval

T o

o
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and Daganzo, 2006; Leclercq et al., 2016) Bt 2 EXX}Fe W& 2 o)A 73l A& 454 37
3l7] Y5k FFie] £2alr] ol Ao AYAEE A2 S WAZTEHMOLIT, 2013b; TRB, 2010) X}EE HA 3}
A e AY ALAFFOR QIg o] BUMHE] wjEolt). olgfd HF ARMA EHoF <ty
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MLC to
target |
| <
Target Lane g
Normal adjacent gap adjacent gap not
Merging acceptable acceptable
Initiate — do not initiate
Courtes initiate change change through
. Y through courtesy 9 9
Merging courtes
Initiate —
Forced initiate forced do not initiate
Merging merging forced merging
Lane Action | change no change no h i
< change 9 change change change
Target Gap
Same Same
Adjacent Adjacent
. v Gap h. k. Gap v
Acceleration acc acc. | New | acc —{ acc. | New | acc. || acc. |
Adjacent Adjacent
Gap Gap

<Fig. 3> Framework of lane changing model with acceleration (Choudhury et al., 2009)

Hal o 2 A Ae 2Re BASE A% FRAG] TEs HE ass
<Fig. 4>SF o] A, ARG A, WARZY AP, TR Y oItk HEAE o] MW
FE FRAG] F83 /HEshe dlol Walalol @ 5 Utk 2L o) 2 Qs BAe| HuHE F AAY
P FHAFY B FREToIh % FRET BYU F SR HEA2 ) Mg =
AE ABG  glou), AR F7E He GREEE FRHE ofg A2 89 F sho] Bohs
BE, B ATAE BHo) AAE FUsE AQHY ALY FREES UPUSD A

total clear gap + vehicle length
lag gap _lead gap
1 I

<

lead vehicle

\

subj c/

<Fig. 4> Lane changing subject vehicle and the others relation (Mathew, 2014)
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front vehicle
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<Fig. 5> VISSIM simulation network
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294 A4 REst THEARE Bl BACE hRehe Abol EAld vxle fFE A B
A FYAEE, FFEE, 24 1578, B9 &FA T332 (lag vehicle) o] 1+, AHE 74 ol wek 4
ojd Aot} =g FAHLZ WF AEH IS o] &3 EHATE AR b HIAE=E o] 83 303] ©]
o] REEAEE Tl APyt AExd 77k et HEE dRksl 3AE AT J8Y B AE
ol £42 WHANEE AHE3HA ofusta, Z47te] 4 nERAAN HHH Z2A4gs =28 + 9
TE AYES AASAY

% o

- Okm/h 60km/h
80km/h, 100km/he] 20km/h 7+ 0.2 4873}k TS B A, TFEA, A4 T Yukx lﬁéﬂr EA AA 71T,
B3 AAL oM ST YL 12 JF&S TRB(010) =& MOLIT(2013b)S] 5213 HAAFE 24
T F YeS HokEte BE 2pFo] 831 BAAIF(PCUE SHEE Ao dlgEls 100% S8 37

oAl M A&F T2 §7F0] 2,400veh/h/in (TRB, 2010), 2 J NZ¥HA (gap time)©] oF 1.5
29 AL Zekste, B4 wERo A 1F AE L 22102714 12 H o2 BAS AAENY

3k <Fig. 4>°ll4 AAIZE uke} o] Fatke] YA e 2 ﬁﬂx}ﬁﬂr«l AR T AA A R
TAG Y LA EE T FREES} B wEFE A0 FFRAFS SAFA AR AR |
Z SR AZsete 1 Highs EAEAE AT dE Bol B wE [ A I ARRRME ] 5
Z220 79, dRAFE BA ek ANAe 125274 AlEdtete] 1 HaEES B35t AA
3 B 27148 <Table 5>9F 2T}

<Table 5> Analysis traffic condition

Mainline
1,800veh/h | 1,200veh/h | 900veh/h | 720veh/h | 600veh/h | 514.3veh/h | 450veh/h | 400veh/h | 360veh/h
Merging (2sec) (3sec) (4sec) (5sec) (6sec) (7sec) (8sec) (9sec) (10sec)
speed
40km/h

Average | Average | Average | Average | Average | Average | Average | Average | Average
60km/h total delay | total delay | total delay | total delay | total delay | total delay | total delay | total delay | total delay

80km/h of O~Isec | of 0~2sec | of 0~3sec | of O~4sec | of O~5sec | of O~6sec | of O~7sec | of 0~8sec | of 0~9sec

100km/] generation | generation | generation | generation | generation | generation | generation | generation | generation

V. Algdeld 23 &4

O
>
é

Al o)A v‘i‘—*—i?‘jﬂ E2Ad A A& FFAF 107 BACE JPT o BAeA F
B4Rl F A= <Fg. 6>, <Table 6>7 2t} £ FRAF] FREET 275, &

= al
£TFE F AAZ} BT 53 GRS} dokmh o151 B B FREES 019 2 F A
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W3S §ete s Fld 4 Ut <Table 6> <Fig. 6>2] &4 '}% EARA S FREE e F A4
TS 53] 23 Qo= 100km/he] FFEESR Af-2ke] F AA 2olE AAEIH.
<Fig. 6> (a) w49 2F 7 AAT F AAZEe] BAE Yehle A Eolth. F Wil s vkl
g #A7F AFHANLH, <Fig. 6> b)ollM= A 1 ABA Y] Aa-Dake] J7E sk <Fig 6> (a)°l
A B5d g BAE AE g Yﬂ] J*ﬁ]*‘ﬁi UERAIS. <Fig. 6> (b)9] EFEEE T A4 2=
71&718 S8t dREEd nE &AM FRE FoHnd F ok FREE7F 40kmhS] B¢
g 35 9} HllLo}‘il 508 2 F AAE UERen, EFEE7F 60km/hed 73
= 80km/he] FF&Eol =Ed Ao Hlaste], ofF 1Lovl, FEEF 80km/hel ¢ 100km/he] oF
735-¢k w 5080 2 F AAE vehlth

_{

o} - <]

Bt} 2dAke] 1A HESAIZEE o 122 7V4 oh <Table 6>2] 7
Fohd FFAF] Sokmyhol o] HER THEste] RdoR T el $d nEFREd Tt
of fdks F AAZE vvigk Aoz A

<Table 6>°14 FFEE 100kmhd o) #3E F AA
ARG FRAFoz Qlste] 24 FPzpo] A 3h
AA goltk. mEbA A FREE Aol w2k B F AAE= 100km/he] FHEEY :q} %A@ }—E
A\ A o}e] zpo)o} Zom, <Table 6>2] L3 kol A A = o] AE}. 40kmyh®] FHFEEQ] B DAYsH= A A7}
B FFEEHTG FHHO0R F olfi, BAY WAL} Bl Ak Ao AHHATh AFEE 100kmh
<

m rr

o] d&F 2= 9F 80km/h WA UAEET FHATH(Lee et al, 2020) FFaFEo] 40km/he] &5
AYF A5 FVHoE de £ Adte] BA AY F 100k FHESISE A AZEEE BA
F9) Aol YALE olshe] S5 gao] Bbulsith ofo] Watel c0kmh o] FER Ealo] HF
@ A 109l AdAge) o2 YRANNE Ge AL Mg ) A wER 2ol FRAoz o
ASE olge] £ FBo| bt HolA F A Leize] 2 7HZo] WA o BAH
25 25
%20 § 20
5 s
215 215
a By
g 10 g 10
2 s =
[ \——“ 2 ’
] ’ 0 -
2sec 3sec 4sec Ssec 6Gsec T7sec 8sec Isec 10sec 0 0.2 0.4 0.6 0.8 1 1.2
mainline gap time(sec) 1/(mainline gap time-1)
—o—40kph —e—60kph 80kph 100kph —o—40kph —e—60kph 80kph 100kph
(a) Inverse relationship between total delay and mainline (b) Linear relationship between total delay and mainline
gap time gap time unit

<Fig. 6> Average total delay occurrence depending on merging speed and traffic demand
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<Table 6> Average total delay occurrence depending on merging speed and traffic demand
Total delay unit : veh-sec
() : total delay difference compare to 100km/h merging speed

40km/h 60km/h 80km/h 100km/h
1,800veh/h(2sec) 20.15 (19.65) 3.95 (3.45) 245 (1.95) 050
1,200veh/h(3sec) 10.00 (9.83) 2.67 (2.50) 1.20 (1.03) 0.17
900veh/h(dsec) 6.43 (6.30) 155 (1.43) 0.62 (0.50) 0.13
720veh/h(Ssec) 472 (4.64) 1.08 (1.00) 048 (0.40) 0.08
600veh/h(6sec) 3.63 (3.57) 0.83 (0.77) 037 (0.30) 0.07
514.3veh/h(7sec) 291 (2.86) 0.70 (0.64) 030 (0.24) 0.06
450veh/h(8sec) 248 (2.43) 0.59 (0.54) 025 (0.20) 0.05
400veh/h(9sec) 2.16 (2.11) 0.52 (0.48) 0.22 (0.18) 0.04
360veh/h(10sec) 1.92 (1.88) 047 (043) 0.20 (0.16) 0.04
V.2 &

SERAAFHL oA BAo] FA% Au EE OE Aol EEE AZT v FE J&oEE
e AE HFHo= sta itk T2AATFHNA Agshs MEAR HAhdo] A T EEAE AA
o M&Yshe AR B2 F AF 3 SEHEARE Hagste] AA R HRGe EAE H i)
Az Aot HE E2AAE ] AAE o] F oF 20| ARFER}F AFAke] FAA Tl A XEg A
< olfE WEAR Hadolo o gstel| Uig 87U} Uk

AN E A AEE vhe}l o] T2AH A 2 2l

AEY 2 7o T8 A7 52 & 2345 fsty] Bope dpatdo]l B4

5 ZEE oIt AlE fEEtAY BEAH AAE e 2ol EAlolth
=2d487t ﬂﬁlow g BHe] wEreE 134»3}7] A7 &t} webA dFgIAeE E2A457
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