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Mobility and Safety Evaluation Methodology for the Locations of
Hi-PASS Lanes Using a Microscopic Traffic Simulation Tool
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Abstract

The number of Hi-Pass lanes became 793 lanes at 316 expressway tollgates in 2011 due to the increase in the Hi-Pass use.
In spite of the increase in the number of Hi-Pass lanes, there have been increased potential risks in tollgates where vehicles
using a Hi-Pass lane must weave with other vehicles using a TCS lane. Therefore, there is a need for study on the safety in
tollgates. To this end, this study aims at developing a methodology to evaluate the performance measures of diverse location
countermeasures of Hi-Pass lanes in an efficient and systematic way. This study measured the mobility, safety and the
convenience of installation and operation of Hi-Pass lanes using a microscopic traffic simulation tool, the surrogate safety
assessment model and survey. In addition, this study aggregated the above three performance indexes using weight factors
estimated using the AHP technique. For the test site, Dongsuwon interchange was selected. After building the microscopic traffic
simulation model for the test site, the location countermeasures of Hi-Pass lanes applicable to the test site were compared with
each other in terms of the mobility, safety and installing and operating convenience. As a result, there has been no apparent
difference in mobility index based on delays. However, the countermeasures where Hi-Pass lanes are located in inside lanes
generally showed better safety performance based on the number of conflicts. In addition, countermeasures with neighboring
Hi-Pass lanes were favorable in terms of the safety and the convenience of installation and operation. The methodology proposed
in this study was found to be useful to support decision makings by providing critical and quantitative information regarding the
mobility, safety and the convenience of installation and operation.
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(Table 1) State of Hi-Pass Operations

2007. 12
Type (National 2009. 12 2011. 12
Open)
Hi-Pass 15.7% 41.6% 53.5%
Usage
Hi-Pass 727,000 units 3,32?,000 6,374.,0()0
OBU units units
Traffic
Volume 486,000 1,375,000 1,823,000
Using vehicles vehicles vehicles
Hi-Pass
Hi-Pass
261 toll 2 toll, 16 toll,
Tollgate 61 tollgates | 302 tollgates | 316 tollgates
Hi-P:
rass 595 lanes 739 lanes 793 lanes
Lanes
Passenger car,
Passenger car, bus, Passenger car,
Vehicles for bus, covered truck bus,
Hi-Pass covered truck | less than 4.5 | truck less
less than 4.5 tons, than 4.5 tons,
tons truck less | towing truck
than 1.5 tons

Source: Press release provided by the Korea Highway
Corporation (Dec. 16, 2011)[1]
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(Table 2) Alternative Location of High-pass Lane
Alternative No.| Hi-Pass Lanes [[Alternative No.| Hi-Pass Lanes
Alternative 1 12,3 Alternative 18 45,7
Alternative 2 2,34 Alternative 19 1,5,6
Alternative 3 345 Alternative 20 25,6
Alternative 4 45,6 Alternative 21 35,6
Alternative 5 5,6,7 Alternative 22 1,6,7
Alternative 6 1,24 Alternative 23 2,6,7
Alternative 7 1,2,5 Alternative 24 3,6,7
Alternative 8 1,2,6 Alternative 25 4,6,7
Alternative 9 12,7 Alternative 26 1,3,5
Alternative 10 2,35 Alternative 27 1,3,6
Alternative 11 2,36 Alternative 28 1,37
Alternative 12 23,7 Alternative 29 1,4,6
Alternative 13 1,34 Alternative 30 14,7
Alternative 14 34,6 Alternative 31 2,4,6
Alternative 15 34,7 Alternative 32 24,7
Alternative 16 14,5 Alternative 33 35,7
Alternative 17 24,5

Note: Lane 1 means the most inside lane.
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(Table 3) Summary of Mobility by Countermeasures

Alternative No. A(V:ec/]v):}lsy Av&ns,i:ed e (sTercjtZL)Tm
Alternative 1 364.29 11.62 312.20
Alternative 2 37345 11.39 313.23
Alternative 3 374.71 11.32 313.23
Alternative 4 385.42 11.08 314.74
Alternative 5 367.70 11.51 314.49
Alternative 6 371.17 11.44 312.53
Alternative 7 372.48 11.38 313.30
Alternative 8 387.80 11.03 315.11
Alternative 9 388.13 11.00 314.28
Alternative 10 370.70 11.46 31422
Alternative 11 371.84 11.42 313.44
Alternative 12 376.21 11.29 313.82
Alternative 13 383.05 11.09 313.15
Alternative 14 388.24 11.00 314.19
Alternative 15 377.57 11.27 313.05
Alternative 16 386.81 11.03 313.07
Alternative 17 392.09 10.94 31542
Alternative 18 376.42 11.30 313.62
Alternative 19 392.32 10.91 314.14
Alternative 20 381.75 11.16 315.33
Alternative 21 368.20 11.50 313.86
Alternative 22 404.35 10.62 316.04
Alternative 23 393.72 10.88 315.62
Alternative 24 377.59 11.23 313.82
Alternative 25 370.38 11.42 313.84
Alternative 26 37795 11.27 312.98
Alternative 27 393.46 10.87 314.25
Alternative 28 394.97 10.82 314.13
Alternative 29 394.78 10.88 315.17
Alternative 30 394.02 10.86 315.64
Alternative 31 386.17 11.07 314.54
Alternative 32 386.17 11.07 314.47
Alternative 33 384.43 11.12 313.92

FE ¥ (rear-end), 12]31 A2 7% ¥ (lane Change) ¢
Z(conflicts) S1TE F8T F AUTH10]. o]Fel*
ATellME TICE ©]&3
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Shofl wel Ax g g golgdel g Frte] of
2ol itk & AFolMe #A 33709 vigtel o
3t 53 HAxE A 9 9 folAd g uF
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(Table 5) Summary of Convenience Index by

. . Crossin; Lane Changin
Alternative No. | Total Conflicts Co nﬂictgs Co nﬂictf e
Alternative 1 556.4 313.1 2433
Alternative 2 5749 347.7 2273
Alternative 3 627.4 399.8 2275
Alternative 4 743.1 5275 2155
Alternative 5 752.8 5275 2253
Alternative 6 555.1 319.3 2359
Alternative 7 610.3 3759 2345
Alternative 8 6282 382.8 2454
Alternative 9 612.7 357.2 255.5
Alternative 10 649.5 409.7 239.7
Alternative 11 642.3 397.3 245.0
Alternative 12 625.4 387.3 238.1
Alternative 13 560.7 326.4 234.3
Alternative 14 642.4 4220 2204
Alternative 15 679.1 450.6 2284
Alternative 16 626.9 400.9 226.0
Alternative 17 671.7 437.1 234.6
Alternative 18 749.1 519.1 2299
Alternative 19 638.2 406.9 231.3
Alternative 20 696.3 466.3 230.0
Alternative 21 746.5 495.3 2512
Alternative 22 631.2 403.4 2278
Alternative 23 690.9 461.4 229.5
Alternative 24 703.7 474.1 229.7
Alternative 25 7389 516.3 222.5
Alternative 26 642.9 398.1 244.7
Alternative 27 627.4 383.1 2443
Alternative 28 621.9 364.7 2572
Alternative 29 667.8 431.3 236.5
Alternative 30 693.3 440.1 253.1
Alternative 31 689.9 454.1 235.8
Alternative 32 683.7 4457 238.0
Alternative 33 743.1 491.3 251.7
5. dx ¥ 2Y S0|M B4
A GRESFAE ol LIAT AY
Qo11y'% ol &te] dhols|2E 2J3ka UTHILL
sfolsh: 24 2 AN AT solsfz olg

Countermeasures

Alternative No. Op;zziﬂ:y Alternative No. Opse;a):zlsny
Alternative 1 48 Alternative 18 3.0
Alternative 2 44 Alternative 19 2.6
Alternative 3 4.0 Alternative 20 24
Alternative 4 4.0 Alternative 21 2.6
Alternative 5 38 Alternative 22 22
Alternative 6 3.8 Alternative 23 20
Alternative 7 34 Alternative 24 22
Alternative 8 3.0 Alternative 25 2.6
Alternative 9 3.0 Alternative 26 2.6
Alternative 10 3.6 Alternative 27 1.8
Alternative 11 32 Alternative 28 1.6
Alternative 12 2.8 Alternative 29 1.6
Alternative 13 3.6 Alternative 30 1.6
Alternative 14 3.0 Alternative 31 20
Alternative 15 32 Alternative 32 14
Alternative 16 2.6 Alternative 33 14
Alternative 17 3.0
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(Table 6) Ranking by Hi-Pass Lane Location
Alternatives

Weighted | Weighted | Weighted

Alternative No.
Cmatve JO- | NMobility | Safety |Operability

Sum | Ranking

Alternative 1 0.361 0.426 0.200 | 0.987 1

Alternative 2 0.278 0.386 0.179 | 0.843 3

Alternative 3 0.267 0.272 0.158 | 0.697 6

Alternative 4 0.171 0.021 0.158 | 0.349 27

Alternative 5 0.330 0.000 0.147 | 0477 16

Alternative 6 0.299 0.429 0.147 | 0.875 2

Alternative 7 0.287 0.309 0.126 | 0.722 5

Alternative 8 0.149 0.270 0.105 0.525 12

Alternative 9 0.146 0.304 0.105 0.555 11

Alternative 10 0.303 0.224 0.137 | 0.664 7

Alternative 11 0.293 0.240 0.116 | 0.648 8

Alternative 12 0.254 0.276 0.095 | 0.625 9

Alternative 13 0.192 0.417 0.137 0.745 4

Alternative 14 0.145 0.240 0.105 | 0.490 15

Alternative 15 0.241 0.160 0.116 | 0.517 13

Alternative 16 0.158 0.273 0.084 | 0.515 14

Alternative 17 0.110 0.176 0.105 | 0.391 24

Alternative 18 0.252 0.008 0.105 0.365 25

Alternative 19 0.108 0.249 0.084 | 0.441 17

Alternative 20 0.204 0.123 0.074 | 0.400 23

Alternative 21 0.326 0.014 0.084 | 0.423 18

Alternative 22 0.000 0.264 0.063 0.327 29

Alternative 23 0.096 0.134 0.053 | 0.283 31

Alternative 24 0.241 0.107 0.063 | 0411 21

Alternative 25 0.306 0.030 0.084 | 0.420 19

Alternative 26 0.238 0.238 0.084 | 0.560 10

Alternative 27 0.098 0.272 0.042 | 0412 20

Alternative 28 0.085 0.284 0.032 | 0.400 22

Alternative 29 0.086 0.184 0.032 | 0.302 30

Alternative 30 0.093 0.129 0.032 | 0.254 32

Alternative 31 0.164 0.136 0.053 0.353 26

Alternative 32 0.164 0.150 0.021 0.335 28

Alternative 33 0.180 0.021 0.021 0.222 33
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