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Abstract

On freeway weaving sections, traffic congestion and accidents occur frequently due to the
disturbance generated by lane-changing vehicles. In order to reduce the disturbance, weaving
section should be sufficiently long. The relationship between weaving length and density, or
equivalent level of service, is suggested in Korea Highway Capacity Manual (KHCM). However,
it is not fully demonstrated whether the suggested relationship is appropriate or not. The purpose
of this paper is to investigate the appropriateness of KHCM standard compared with field data
and micro-simulation results. The analysis results show that the density or level of service
estimated by KHCM and micro-simulation are significantly different. This implies that KHCM
has employed a single equation in order to estimate the densities of many different types of
weaving sections, so it is not enough to represent vehicular behaviors somewhat complicated
occurring on weaving sections. It, consequently, is suggested that KHCM standard for freeway
weaving length should be carefully reassessed by using the data obtained from the field.

Keywords: freeway weaving section, Korea highway capacity manual (KHCM), traffic operation,
traffic safety, VISSIM
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Table 1. Freeway weaving sections and KHCM applicability

Expressway Number of weaving sections KHCM applicable KHCM not applicable
Kyeongbu 8 4 4
Gyeongin 2 2 -
Second Gyeongin 4 1 3
Yeongdong 7 4 3
Capital region first ring 23 7 16
Jungbu 4 2 2
Namhae 2 2 -
Pyeongtaek Jecheon 2 2 =
Incheon international airport 1 - 1
Seohaean 1 1 =
Total 54 25 29
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Table 2. Freeway weaving section definitions

Country Manual Definition of weaving section Maximum weaving length Types

Korea Korea highway capacity manual Area including unpaved 750m 2
(KHCM, 2013) physical gore (design standard)

US Highway capacity manual Area including paved road 1-2km 1
(USHCM, 2016) (operation standard)

UK Design manual for roads and bridges Area including paved road 3km 5
(DMRB, 2006) (operation standard)

Germany German highway capacity manual Area including paved road No limit 1
(HBS, 2015) (operation standard)

Japan Japanese highway capacity manual Area including paved road Not mentioned 5
(JHCM, 1987) (operation standard)
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Figure 1. Classification of freeway weaving section
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Table 3. Driving behavior parameters for VISSIM calibration

Model Driving behavior parameters Default Lower—bound  Upper—bound
Car—following model CCO (standstill distance)(m) 1.50 0.00 3.00
CC1 (headway time)(s) 0.90 0.00 2.00
CC2 (following variation)(m) 13.12 0.00 40.00
Lane—changing model =~ Maximum deceleration (own vehicle)(m/s?) -3.00 -9.00 0.00
Safety distance reduction factor 0.60 0.00 1.00

I
CC1 (s) | €CO(m)
(Headway time) I (Standstill distance)

I
I
|
| |
I
]
1

Following vehicle

_Desired Safety Distance (= CCO0+ CC1 x speed)

Following veh:cle CC2 (m)

II (Following variation)

| Traffic oscillation

I Leading vehicle

I
Desired Safety Distance >

Figure 2. Relationships between selected parameters of car-following model in VISSIM (CCO, CC1, and CC2)

94 YNAAZS TR VISSIM YA s}
AT 4B AF SYPRE 1Y 2 BASHE YRS 2T BT A} HoR 54 T

H
Z(genetic algorithm, GA)o] &5 3ict 44 L1258 EEE2] § 72 & (measure of effectiveness, MOE) &

¥, N
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Table 4. Data descriptiion

Total volume

Test site (Seoksu IC) ezl Junction Time (h) . KHCM USHCM VOI}HI,:e
type Vehicle ratio
(pcw)  (pcw)

s | A-1 Nakdong JC 16-22 (6h) 8,075 12,262 10,634  0.34
BRI

e | A-2 Seoksu IC  14-16 (2h) 7,084 12,036 11,844 0.23

B Daegam JC  14-18 (4h) 11,687 17,257 15,003 0.14

B Daedong JC  14-18 (4h) 12,069 17,843 15417 0.21

B Pangyo JC  16-19 (3h) 21,587 25,716 24326 0.24

C Gimpo IC  14-17 Bh) 5549 7391 6672 0.98

| D-1 Jonam JC 14-20 (6h) 7,766 10,348 9,638  0.98

D-2 Seoun |C 12-18 (6h) 24,421 32,606 29,424  0.33

Table 5¢} Figure 3-> KHCM¥} USHCM TxAMg Al 0] A4 FA778-S 747 3ot =2 vepdl Aol
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Table 5. Accuracy comparison of KHCM and USHCM

2

A= KHCMe] 0.192, USHCM
239% EEEglong S golli= KHCM dibg o] 23et 2o & Selx| it

Weaving . . Density based on KHCM Density based on USHCM
type Junction Time Observed Estimated =~ MAPE | Observed Estimated MAPE
A-1 Nakdong JC  16:00-17:00 5.30 6.10 0.15 4.04 5.65 0.40
17:00-18:00 5.83 6.47 0.11 4.60 5.90 0.28
18:00-19:00 6.03 7.11 0.18 4.78 6.46 0.35
19:00-20:00 4,51 5.18 0.15 3.67 4.72 0.29
20:00-21:00 3.52 4,17 0.19 2.73 3.79 0.39
21:00-22:00 3.45 4.10 0.19 2.73 3.67 0.34
17:32-18:32 (Max.Vol) 6.93 7.40 0.07 5.41 6.71 0.24
CrtmSsislal, 4 302 4 13, 20214 22 7
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Table 5. Accuracy comparison of KHCM and USHCM (continued)

Weaving . . Density based on KHCM Density based on USHCM
type Junction Time Observed Estimated ~ MAPE | Observed Estimated = MAPE
A-2 Seoksu IC 14:00-15:00 15.60 14.00 0.10 18.10 17.30 0.04
15:00-16:00 (Max.Vol) 27.10 23.20 0.14 26.00 22.40 0.14
B Daegam JC  14:00-15:00 21.66 11.09 0.49 13.55 10.07 0.26
15:00-16:00 21.56 11.26 0.48 13.24 10.50 0.21
16:00-17:00 21.75 11.88 0.45 13.24 11.50 0.13
17:00-18:00 19.73 12.44 0.37 13.11 12.43 0.05
16:50-17:50 (Max.Vol) 17.55 12.99 0.26 16.09 12.12 0.25
B Daedong JC  14:00-15:00 9.41 13.18 0.40 10.81 12.37 0.14
15:00-16:00 7.91 11.02 0.39 8.82 10.44 0.18
16:00-17:00 8.33 11.49 0.38 9.44 10.94 0.16
17:00-18:00 9.17 13.27 0.45 10.87 12.80 0.18
17:01-18:01 (Max.Vol) 18.62 19.46 0.05 16.09 11.25 0.30
B Pangyo JC 16:00-17:00 12.20 13.10 0.07 19.40 15.10 0.22
17:00-18:00 12.10 12.90 0.07 21.80 15.00 0.31
18:00-19:00 11.60 12.30 0.06 27.70 14.40 0.48
17:20-18:20 (Max.Vol) 12.00 12.70 0.06 23.40 14.80 0.37
C Gimpo IC 14:00-15:00 22.64 23.08 0.02 19.76 16.22 0.18
15:00-16:00 21.59 24.87 0.15 18.95 17.27 0.09
16:00-17:00 23.75 25.68 0.08 21.19 17.77 0.16
15:52-16:52 (Max.Vol) 25.25 26.75 0.06 22.37 18.02 0.19
D-1 Jonam JC 14:00-15:00 6.88 6.31 0.08 5.78 4.16 0.28
15:00-16:00 15.97 14.40 0.10 13.36 8.51 0.36
16:00-17:00 8.88 8.58 0.03 7.83 5.59 0.29
17:00-18:00 12.42 12.33 0.01 11.12 8.33 0.25
18:00-19:00 9.71 8.37 0.14 8.57 6.15 0.28
19:00-20:00 5.19 5.17 0.00 4.66 3.48 0.25
17:10-18:10 (Max.Vol) 14.34 12.32 0.14 12.43 8.57 0.31
D-2 Seoun JC 12:00-13:00 23.34 30.40 0.30 21.00 16.34 0.22
13:00-14:00 26.45 32.73 0.24 22.49 17.27 0.23
14:00-15:00 25.07 32.83 0.31 22.31 17.27 0.23
15:00-16:00 23.36 32.70 0.40 21.75 17.15 0.21
16:00-17:00 24.12 30.40 0.26 20.94 17.03 0.19
17:00-18:00 19.87 24.10 0.21 18.39 14.98 0.19
15:28-16:28 (Max.Vol) 28.29 32.09 0.13 23.30 17.15 0.26
MAPE 0.192 0.239
KHCM USHCM
35 35
=K 230
% 2 Ejgzs
i 15 15 -
Z - . . R Z . .
Z 10 ! ' 210 . ;.- :
0 0
0 5 10 15 20 25 30 3 0 5 10 15 20 25 30 35
Density Observed (pepkmpl) Density Observed (pcpkmpl)

Figure 3. Accuracy comparison of KHCM and USHCM
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Table 6. Result of selected driving behavior parameters for VISSIM

Weaving . Calibrated driving behavior parameters Performance measure
type Junctions CC0 CCl1 CC2 Max. Decel.  Safety factor | MAPE RMSPE  GEH
A-1 Nakdong JC ~ 1.2402  0.7632  3.3391 -1.4310 0.1908 0.0002  0.0149  0.7652
A-2 Seoksu IC 1.5536  0.3649  4.9281 -2.9708 0.1482 0.0047  0.0064  0.0002
B Daegam JC 26182  1.5709  5.3203 -2.6182 0.6807 0.0011  0.0089  0.5867
B Daedong JC ~ 1.4812  0.7378  4.1530 -3.2688 0.6640 0.0018  0.0130  1.0162
B Pangyo JC 0.3581  0.1143  3.5806 -5.9677 0.3800 0.0185  0.0187  0.2481
C Gimpo IC 24616 09846  1.9693 -2.9539 0.0295 0.0001  0.0187  0.9513
D-1 Jonam JC 2.1393  0.5094  6.6216 -4.0749 0.6112 0.0007  0.0027  0.1271
D-2 Seoun JC 1.0023  0.0100  3.0069 -4.0092 0.5012 0.0137  0.0147  0.3892

3. VISSIM 2421} LOSE usH +& 9 A& 20 24 2t

Figure 4= KHCM} VISSIMZ -85 SI2d 770 F 3 E Alue] 2 24235 Yehd Zolo, A2 d73t
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Figure 4. Analysis results for weaving length using KHCM and VISSIM
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Table 7. Estimation of maximum volume for KHCM and VISSIM: operation criteria (pcu/h)

Weaving Junetion Vol. Lanes Weaving ~ Observed Max. volume for LOS D | Max. volume for LOS E
type ratio length  Max. volume KHCM VISSIM KHCM VISSIM
A-1 Nakdong JC 0.34 4 150m 2,617 6,400 4,100 7,400 4,600
A-2 Seoksu IC 0.23 4 400m 7,076 6,900 7,400 7,900 7,800
B Daegam JC  0.14 4 400m 4,398 6,000 4,200 7,000 4,500
B Daedong JC  0.21 4 400m 6,237 6,900 6,400 7,900 6,700
B Pangyo JC 0.24 8 250m 8,580 13,400 12,600 15,600 13,400
C Gimpo IC 0.98 2 100m 2,570 2,300 2,100 2,600 2,350
D-1 Jonam ]JC 0.98 3 100m 2,223 3,450 2,850 3,900 3,000
D-2 Seoun JC 0.33 4 350m 5,567 4,700 4,800 5,200 5,800

Table 82 SIZ@F70] WEFRE AH2aE oA 88 4 e HadolE A% Aol we+a7t
Fof| A AAIsh= HEe} do] Heletthd, tiEs]C(H B Sl dH 7] 4 o](400m)= KHCM
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HAAZIES] vhee] Ego] E Ao R Hehd,

Table 8. Estimation of minimum weaving length for KHCM and VISSIM: design criteria

. . Min. weaving length for LOS D Min. weaving length for LOS E

Wt Junctions \)i/eaw}rllg Demand Demand

type engt (i) KHCM VISSIM (esuin) KHCM VISSIM
A-1 Nakdong JC 150m 6,500 250m 350m 7,500 250m 550m
A-2 Seoksu IC 400m 6,800 350m 250m 7,800 350m 400m
B Daegam JC 400m 6,100 350m 150m 7,000 350m 250m
B Daedong JC 400m 6,800 350m 600m 7,700 250m 600m
B Pangyo JC 250m 13,600 350m 300m 15,800 350m 400m
C Gimpo 1C 100m 2,300 100m 100m 2,600 100m 100m
D-1 Jonam JC 100m 3,450 100m 200m 3,900 100m 250m
D-2 Seoun JC 350m 4,700 350m 350m 5,200 350m 350m
242 2 Ao
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