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The Effectiveness Analysis on Set of Ramp Metering STOP-line Using
Traffic Simulation Model
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ABSTRACT

PURPOSES : This study performs fundamental research on ramp-metering design criteria.

METHODS : We carefully review previous studies in terms of ramp-metering design criteria and then consider applicability in Korea. For
this, traffic simulation model is employed to analyze actual effect according to specific location of stop-line when implementing ramp-
metering.

RESULTS : When a stop-line moving forward with a 50m interval, travel speed at mainline relative to current stop-line location tends to
decrease. However, traveling speed at approach roads increase about 5~18% under the same condition. When a stop-line location moving
backward with a 50m interval, mainline travel speed increase approximately 17~32% whereas traveling speed at approach roads decrease. All
cases are compared with the current stop-line location.

CONCLUSIONS : We believe that both cases are useful with respect to freeway management. For example, moving forward a stop-line
case can be used management for queuing area at ramp section and approach roads. Moving backward a stop-line case can be used for traffic
control, focusing on mainline of freeways.
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Table 1. Installation of Ramp Metering in the U.S.

Area Specific section Summary
. 3 ramps metering on a|About 7.9% increase in
Austin, ) )
Texas section of northbound |traffic volume as well as
[-35 60% increase in speed
5 ramps metering on alAverage peak period
section of northbound|travel speed increased
[-25 57% and Average travel
Denver, times decreased 37%
Colorado About 24% reduction in
emissions as well as 5%
reduction in the accident
rate
6 ramps metering on a|About 8% increase in
Detroit, |section of eastbound average speed,
Michigan |I-94 Approximately 50%

reduction in accidents

60 ramps metering on a

Long Island,|section of eastbound the

New York

Long Island Expressway

About 15% reduction in
travel time while about
20% increase in average
speed

Ramp metering on a

Minneapolis | sectionof eastbound

About 16% increase in
average speed, about

/ St. Paul, |I-35 in Twin Cities 24% reduction in the
Minnesota average number of
accidents
17 ramps metering on a|About 47% reduction in
Seattle 6.9 miles test section of|travel time,
7 |southbound -5 and 5|about 39% reduction in
Washington

ramps northbound -5
in Seattle

the accident rate
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Table 2. Installation of Ramp Metering in Europe

Area Specific section Summary

5 ramps metering

lle de . ) .
on a section of A6|About 4.6% reduction in
France, . ) )
highway in southern|travel time
France ) .
Paris region
4 ramps metering
Utrecht, |on a section of A2|About 5.8% reduction in

Netherlands|highway and A28|travel time
highway

About 50% reduction in
congestion as well as

Nprth 5 ramps metering|about 40% reduction in
Rhine— ) .
Westohalia on a section of A40|accidents,
P " highway About 10km/h increase in
Germany }
average speed during
peak time
o ) )
Tel Aviv |2 ramps metering About 6.7% reduction in

travel time as well as about
1.3% reduction in fuel
consumption

Metropolitan,jon a section of
Israel Ayalon highway
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Table 3. Acceleration Length (AASHTO, 2004)

Highway
Design

Speed | SP 150 139 | 40 | 50 | 60 | 70 | 80
(km/h) condition

Ramp Design Speed(km/h)

50 60 50 | 30

60 9B 80 | 65 | 45

70 150 | 130 | 110 | 90 | 65

80 200 | 180 | 165 | 145 | 115 | 65

90 260 | 245|225|205| 175|125 | 35

100 345 | 325|305 |285|255|205| 110 | 40

110 430 | 410 | 390 | 370 | 340 | 290 | 200 | 125

120 545 | 530 | 515 | 490 | 460 | 410 | 325 | 245
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Table 4. Acceleration Length (The Explanation on

the Decree on the Design for Road
Structure and Facilities, 2012)

Highway Ramp Design Speed(km/h)
Design
Speed | 30 40 50 60 70 80
(km/h)

60 70 | - - - - -
70 | 110 | 85 | 50 | - - -
80 | 165 | 135 | 100 | 55 | - -

90 240 210 175 130 50 -

100 330 300 265 220 145 55

110 390 | 360 | 330 285 210 120

120 500 470 445 400 335 245
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Table 5. The Operating Conditions of Experiments

Classification Contents

Model Car(Default)

Design Speed : 100km/h,
Freeflow Speed : 120km/h,
Width of lane : 3.6m
Lateral Width Widenings : 1.5m
Number of lane : 4
Capacity : 2200veh/hr/lane

Highway

Design Speed : 70km/h
Freeflow Speed : 70km/h
Width of lane : 3.6m
Lateral Width Widenings : 1.5m
Number of lane : 1
Capacity : 1800veh/hr/lane
Direct-Ramp, Ramp length : 500m

Ramp

Design Speed : 80km/h
Freeflow Speed : 92km/h
Approach Width of lane : 3.5m
road Lateral Width Widenings : 1.5m
Number of lane : 3
Capacity : 2000veh/hr/lane

Hy oy = g Q)
sy # py
where,
1 Measured Value due to Do—Not

H2 © Measured Value due to Metering
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Table 6. Results of Experiments

Conilents Acceleration | Acceleration | Acceleration | Acceleration | Acceleration | Acceleration
Distance 150m |Distance 200m|Distance 260m |Distance 345m |Distance 430m|Distance 545m
Do not 375 383 383 38.6 39.2 39.7
Speed Metering 41.3 429 446 459 45.5 45.1
(km/h) Rate 9.98% 11.93% 16.63% 18.91% 15.84% 13.63%
t—test 0.000 0.000 0.000 0.000 0.000 0.000
Do not 451 439 436 429 42.3 M7
Density Metering 419 40.2 38.4 36.9 371 374
(veh/km/lane) Rate =7.11% -8.46% -11.92% -13.91% -12.26% -10.38%
t—test 0.000 0.000 0.000 0.000 0.000 0.000
3.3. X=f 43 7] S8l A2z} 7HEAY S Yo7 A5kl BAE
2 AT gJah BLulEY AFS Sqsh] giek i TROIA. Table T3 gol, 24 Fike) kR vjeky
QA thore theat 7t ZE % 3km 7 HE 4AxEE PG o, A2
ook 1: ofuat Mgk ) glol 7| Ymojeyy gy o oOmS SSHIEE W, Sulle] A A
WL 9008Y 7|F2E 44707) Q= AL E 2AEQ
tieh 2 0 =z ojE R o] A4 H(50m 7H4) om oS0 Wt AR Ao|i= of 987mel Ao 1}
ek 3 - HZujE P o FAA F2(50m 7+4) BRI TR EREAL 2008), WlebA, Aol Aol
AE AYT s E FE2AS Asden,  300mE AFstgom, ofo wE FA 4 A-Fe 7}
A olgHel Aol YR otk B S 548 A sotas] Aal A4ARo] 20]8
A=Al we} YA M- AREE Slst 250m=E st Hiote] whE wEAEE ol 3

Table 7. The Operating Conditions of Ramp Metering
Strategies

Classification Contents

Model Car(Default)

Design Speed : 100km/h
Freeflow Speed : 120km/h
Width of lane : 3.6m
Highway Lateral Width Widenings : 1.5m
Number of lane : 4,
Capacity : 2200veh/hr/lane
Acceleration Distance 200m

Design Speed : 70km/h
Freeflow Speed : 70km/h
Width of lane : 3.6m
Ramp Lateral Width Widenings : 1.5m
Number of lane : 1,
Capacity : 1800veh/hr/lane
Direct-Ramp, Ramp length : 300m

Design Speed : 80km/h
Freeflow Speed : 92km/h
Approach Width of lane : 3.5m

road Lateral Width Widenings : 1.5m
Number of lane : 3,
Capacity : 2000veh/hr/lane
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Table 8. Results of Ramp Metering Strategies

o Alt. 1: | Alt. 2 : Forward of STOP-Iline Alt. 3 : Reverse of STOP-line
Classification Do not "
Basic 50m 100m 150m 50m 100m 150m 200m
555 69.6 60.1 57 42.9 79 86.3 87.2 85.4
Highway Rate of change
Speed 9 - 25.43% 8.34% 278% | —22.75% | 42.34% | 55.47% | 57.19% | 53.96%
(km/h) compared Do not
T—test - 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000
Approach 71.9 38.7 421 47.8 51.4 38.3 37.9 357 33.1
road | Rate ofchange | | g0t | 41379 | -3347% | —28.52% | —46.77% | ~A7.21% | ~50.37% | ~53.96%
Speed | compared Do not
(km/h) T-test - 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000 | 0.000
ol A Axo= Qlete] u&L ol AAH HE Table 9. Overall Results
L2 ujx]= gFo] Fol5o FL7t Tkt AS Classification Forward Reverse
oju)gict,
- Acceleration - Acceleration Distance
Conditions Dlstancg : enough : shonage
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