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Abstract

This paper investigated the influences of ramp traffic flow on the lane utilization for signalized intersection
approaches which are adjacent to an off-ramp-street junction. The statistical test showed a correlation between lane
utilization and the ramp traffic flow. As the ramp traffic flow increases, the left lanes are less utilized and the right
lanes are more utilized. The lane utilization factors are calculated by applying traffic data collected from the Seoul
Metropolitan area. The utilization factors are 1.113 for 2 lanes, 1.124 for 3 lanes, and 1.131 for 4 lanes. The lane
utilization factors proposed in the paper show higher values than those in current Korea Highway Capacity Manual
(KHCM) under the conditions that the number of lanes is 2 or 3. However, the lane utilization factor for 4 lanes in the
paper shows lower value than in KHCM. The ramp traffic flow causes more utilization of the right lanes than at normal
signalized intersections and the extent gets larger as the number of lanes decreases. Based on the results of the paper,
the lane utilization factors at signalized intersection approaches should be revised and reasonable capacity should be
recalculated if the signalized intersection is adjacent to an off-ramp-street junction.
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Figure 1. Spatial scope of the study
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Table 1. Lane utilization adjustment factor in KHCM 2013

No. of Through |  yolume(vphpl) | Level of Service
Lanes in Lane
Group < 800 | » 800 C, D E
1 1.00 1.00 1.00 1.00
2 1.02 1.00 1.02 1.00
3 1.10 1.05 1.10 1.05
4 1.15 1.08 1.15 1.08

<
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Table 2. Lane utilization (adjustment) factor of HCM

. HSM
No. of Traffic in | HCM 1985 9000.2010
Most
Through . Lane
. Heavily Lane e e
Lanes in e Utilization
Lane Grou Traveled Utilization Adiustment
Pl Lane(%) Factor, U JUstmen
Factor, f,,
1 100 1.00 1.000
52.5 1.05 0.952
3 36.7 1.10 0.908
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Table 4. Summary of data collection site

. Distance of |Number|Number
Adjacent |, .
) . . intersection |  of of
Highway |IC or Ramp| signalized .
. . from ramp |Arterial| Ramp
Intersection
(m) lanes | lanes
Seoul Ring Baekma
express llsan IC | gas station 306 3 2
way intersection
Northern | Cheonho Kwangian
riverside bridge . gang 270 3 1
Intersection
freeway Ramp
Northern | Yanghwa Hapjung
riverside |bridge north| station 170 3 2
freeway Ramp intersection
Northern Jamsil  |Jamsil bridge
riverside |bridge north north 240 3 2
freeway Ramp intersection
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Table 5. Schematic presentation of data collection site
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o Number of lanes
® o Speed limit
* Type of signal control

o Volumes for every 15~
minutes by vehicle type

o Volumes for every 15-

e Link length . .
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Figure 3. Lane utilization by change of ramp flow rate

Table 6. Comelation analysis between ramp flow rate
and lane utilization ratio of signalized intersection

Site

Correlation Coefficient (p-value)

Lane 1|Lane 2|Lane 3|Lane 4|Lane 5|Lane 6
left thru | thru | thru

Ilsan IC ~[-0.146|-0.345 | 0.367

(0.425)[(0.053){(0.039)

Cheonho | left left thru | thru | thru | thru
bridge ~ _1-0.409-0.259 |-0.313] 0.512
Ramp (0.047)|(0.227)((0.137)[(0.011)
Jamsil | et | thru | thru | thru | thru
bridge
north ~1-0.669|-0.714 | 0.453 | 0.584
Ramp (0.001)|(0.000){(0.000){(0.004)

Yanghwa | thyy | thru | thru | thru
bridge
north 0.090 [-0.494|-0.017] 0.283
Ramp (0.723)|(0.037)|(0.948){(0.255)
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Table 7. Lane utilization factor by data collection site

Data Number of v v
3 9 gl
COH?CUOD Lanes (veh/h) | (veh/h) Fro
Site
Jamsil bridge 3 1,363 | 509 | 0.89260
north Ramp
Tlsan IC 3 1,752 659 0.88619
Cheonho
bridge 4 1,968 555 0.88649
Ramp
Yanghwa
bridge north 4 2,185 619 0.88247
Ramp

Table 8. Calculation of lane utilization factor

Number of Recip;fO?al of KHCM Difference
Lanes ( X) (B) (A-B)
2 1.113 1.020 0.093
3 1.124 1.100 0.024
4 1.131 1.150 -0.019
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