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Lane-based Capacity Assessment within the Ramp

Junction Influence Areas of Urban Freeway

Jong NMan Fark

Departmernt of Clvll and Ervirorvnernial Engrreering;

Graduate School, Aorea Maritime Crversity, Busarr Aorea

Abstract

Urban freeway is defined as the roadway with 4 lanes or more which
requires a high design criteria for handling a large capacity of vehicles
rapidly as a high-speed exclusive roadway in the city. However, most of the
urban freeways suffer from severe traffic congestion due to the increased
traffic exceeding their capacities regardless of the morning and afternoon
rush-hours or the inbound and outbound directions.

The purpose in this study is to collect and investigate the real-time traffic
characteristics within the ramp junction influence areas of the urban freeway,
compare and analyze the traffic characteristic relationship for each Ilane
within the ramp junction influence areas of the urban freeway, and finally
assess and suggest the optimal capacity for each lane within the ramp
junction influence area of the urban freeway.

By analyzing the real-time traffic characteristics and assessing the capacity
for each lane within the ramp junction influence area of the urban freeway,

the following conclusions were drawn:
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1) Traffic characteristics within the ramp junction influence area were
found to have a distinct difference between the urban and suburban
areas, the upstream and downstream locations, or the 1st lane and 2nd
lane within the ramp junction influence area in the inbound and
outbound directions of the urban freeway.

i1) Correlation analyses were found to have a high coefficient of
determination(R2) of about 0.8 or more between the flow and speed,

a considerable high coefficient of determination(2”) of about 0.6 or

more between the speed and density, and a very high coefficient of

determination(R2) of about 0.9 or more between the flow and density.

iii) Capacity characteristics were found to be more traffic on the 1st lane
than the 2nd lane, in the urban areas than the suburban areas, and at
the downstream location than the upstream locations within the ramp
junction influence area of the urban freeway by showing the parabolic
relationship between flow and density.

iv) Lane-based capacities were found to decrease by about 60% within the
on-ramp junction influence areas in the inbound direction, about 40%
or more within the on-ramp junction influence areas in the outbound
direction and about 50% or more within the off-ramp junction
influence areas in the outbound direction.

v) Lane-based capacities were found to decrease by about 40% at the
upstream locations and about 10% or more at the downstream
locations within the on-ramp junction influence areas in the inbound
direction and about 20% or more at downstream locations within the

off-ramp junction influence areas in the outbound direction.
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Table 1.1 Capacity values for merge areas

£44 1&eze Ao d5% A% JgA o 2o
AhBEEE
(km/h) 222 | 3%= | 4= | >q4zn=z= | LETW
120 4800 | 7,200 | 9600 | 2,400/7 = 4,600
110 4700 | 7,050 | 9400 | 2,350/7 2 4,600
100 4600 | 6900 | 9200 |2,300/% = 4,600
90 4500 | 6750 | 9000 |2.250/7 % 4,600

Table 1.2 Capacity values for diverge areas

E‘ /}j_ 9’] -1 AT o = A= B S R=a =] o E = = =
1EER] A AREFY FF LEFF |[JFA W Hu

AR EEEE .

- - - - s Ty,
(km/h) 22 2 32 =2 422 >4} 2 ° 12

120 4,300 7,200 9,600 2,400/ = 4,400
110 4,700 7,050 9,400 2,350/7F = 4,400
100 4,600 6,900 9,200 2,300/ A} = 4,400
90 4,500 6,750 9,000 2,250/ A = 4,400




Table 1.3 Approximate capacity of ramp roadways

A7 = o dd29 &%F(pc/h)
A 25 % % (km/h) 3= 232
>80 2,200 4,400
>65-80 2,100 4,100
>50-65 2,000 3,800
>30-50 1,900 3,500
<30 1,800 3,200
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Figure 1.2 Geometry and Equipments of ramp under the study

Table 1.4 Geometric characteristics of the study section

Geometric characteristics Dimension
No. of lanes on the mainline section 2 lanes
No. of lanes on the ramp section 1 lane
Lane width of mainline section 3 m
Lane width of acceleration sections 3/m
Lane width of ramp section 43~45m
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Table 2.1 Results of flow characteristic analysis within the ramp

junctions
Flow (pc/h)
Junction Upstream Dow nstream
Lanel | Lane2 | Lanel | Lane2 framp
Max. 1,528 872 1,780 1,304 | 1,396
A Min. 64 76 88 132 80
Inbound Avg. 831 427 1,081 804 630
On-Ramp Max. 1,948 1,332 2,036 2,060 | 1,460
B Min. 132 148 140 196 68
Avg. 1,164 746 1,245 1,108 547
Max. 1,568 1,304 1,632 1,620 | 1,152
C Min. 132 92 132 192 148
Outbound Avg. 854 482 1,003 937 759
On-ramp Max. N, Bll6 1,368 1,676 1,660 | 1,284
D Min. 152 132 204 188 84
Avg. 1,114 818 1,222 1,034 773
Max. 2,060 1,604 2,004 1,276 916
E Min. 192 272 184 156 96
Outbound Avg. 1,370 1,141 1,278 807 544
Off-Ramp Max. 1,680 1,488 1,504 792 | 1,436
F Min. 112 236 92 108 132
Avg. 945 1,056 784 483 850
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Figure 2.1(a) Flow trends within the inbound ramp influence area
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Figure 2.1(b) Flow trends within the outbound ramp influence area
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Figure 2.1(c) Flow trends within the outbound ramp influence area
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Table 2.2 Results of speed characteristic analysis within the ramp

junctions
Speed rate(km/h)
Junction Upstream Dow nstream
Lanel | Lane2 | Lanel | Lane2 feamp
Max. 110 75 88 75 53
A Min. 33 32 26 23 25
Inbound Avg. 84 65 72 61 46
On-Ramp Max. 84 86 89 80 57
B Min. 23 25 27 24 27
Avg. 65 63 67 59 47
Max. 83 73 82 68 61
C Min. 82 31 26 24 29
Outbound Avg. 64 59 61 52 48
On-ramp Max. 101 82 93 76 58
D Min. 22 21 24 21 29
Avg. 62 54 50 46 45
Max. 79 81 82 75 59
E Min. 44 39 63 60 26
Outbound Avg. 67 67 71 68 49
Off-Ramp Max. 79 73 94 95 59
F Min. 40 27 71 69 26
Avg. 69 61 80 79 51
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Figure 2.2(a) Speed trends within the inbound ramp influence area
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Figure 2.2(b) Speed trends within the outbound ramp influence area
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Figure 2.2(c) Speed trends within the outbound ramp influence area
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Table 2.3 Results of density characteristic analysis within the ramp junctions

Density rate(pc/km)

Junction Upstream Dow nstream
Lanel | Lane2 | Lanel | Lane2 feamp
Max. 34 24 55 54 45
A Min. 0 1 1 2 1
Inbound Avg. 10 6 16 14 13
On-Ramp Max. 66 50 65 74 45
B Min. 1 2 1 3 1
Avg. 21 14 22 22 12
Max. 40 29 47 51 29
C Min. 1 1 2 2 2
Outbound Avg. 14 8 18 19 15
On-ramp Max. 60 57 60 63 45
D Min. 1 1 2 3 2
Avg 26 21 34 31 17
Max. 41 26 28 18 31
E Min. 2 3 1 2 2
Outbound Avg. 20 16 17 11 11
Off-Ramp Max. 34 33 18 10 49
F Min. 1 2 1 1 2
Avg. 13 17 9 6 16
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Figure 2.3(a) Density trends within the inbound ramp influence area
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Table 3.1. Correlation analysis of flow and speed within the ramp

junctions
Determination Coefficients(R*)
Ramp Upstream Dow nstream
Ramp
Lanel Lane2 Lanel Lane2
Inbound A 0.925 0.872 0.860 0.912 0.886
On-ramp| g 0.825 0.856 0.880 0.958 0.928
outbound € 0.923 0.891 0.956 0.949 0.950
On-ramp| — p, 0.959 0.938 0.871 0.960 0.941
Outbound E 0.966 0.954 0.936 0.836 0.951
f-ramp| g 0912 | 0976 | 0842 | 0908 | 0.897

_24_



120

U-Lane1(R2=0.925)
U-Lane2(R2=0.872)
100 T e D-Lane1(R2=0.860)
== === D.Lane2(R2=0.912)
—-——--Ramp (R2=0.886)
80
£
E
-
3 60 RS
[72] 4
]
40 L
20
0 1 L I 1
0 500 1000 1500 2000 2500
Flow(pc/h)
Wondong (A)
120
U-Lane1(R2=0.825)
U-Lane2(R2=0.856)
100 |

Speed(km/h)

D-Lane1(R2=0.880)
D-Lane2(R2=0.958)
Ramp (R2=0.928)

500

10I00
Flow(pc/h)
Mangmi (B)

1500

2000 2500

Figure 3.1(a) Flow and speed on the on-ramp junctions
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Table 3.2 Correlation analysis of speed and density within the ramp junctions

Correlation Coefficients(R>)

Ramp Upstream Dow nstream
Ramp
Lanel Lane2 Lanel Lane2

Inbound 0.792 0.662 0.757 0.873 0.650
On-ramp 0.823 0.841 0.842 0.959 0.832
Outbound 0.813 0.773 0.845 0.922 0.727
On-ramp 0.964 0.942 0.691 0.976 0.799
Outbound 0.865 0.657 0.675 0.331 0.905
Off-ramp 0636 | 0760 | 0331 | 0464 | 0583
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Figure 3.2(a) Speed and density on the on-ramp junctions
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Figure 3.2(c) Speed and density on the off-ramp junctions
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Table 3.3 Correlation analysis of flow and density within the ramp junctions

Correlation Coefficients(R>)
Ramp Upstream Dow nstream
Ramp
Lanel Lane2 Lanel Lane2
A 0.986 0.971 0.989 0.985 0.986
Inbound
B 0.988 0.986 0.988 0.985 0.982
C 0.988 0.953 0.984 0.984 0.987
D 0.959 0.963 0.932 0.980 0.983
Outbound
E 0.994 0.995 0.993 0.992 0.989
F 0.990 0.995 0.992 0.993 0.991
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Figure 3.3(a) Flow and density on the on-ramp junctions
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Table 4.1 Capacity predictive models on the ramp junctions

Ramp R? Model Ky, Qo

U-Lane 1| 0986 | Q=—24975K*+120.320K | 24 1,450

U-Lane 2| 0971 | Q=—2.8430K>+93.6592K | 16 800

D-Lane 1| 0989 | Q=—1.4989A%+105.6814 | 35 1,900

D-Lane 2| 0985 | Q=—1.2265K>+83.8728K | 34 1,450

Inbound Ramp 0.986 | @Q=—0.9191K>+66.5590K | 36 1,250
On-ramp| |U-Lane 1| 0986 | Q=—1.2906K%+102.597K | 40 2,050
U-Lane 2| 0982 | Q=—1.4180K>+89.7719K | 32 1,450

D-Lane 1| 0990 | Q=—1.2475K%+102.481K | 41 2,150

D-Lane 2| 0984 | Q=—0.9184K>+84.9690K | 46 2,000

Ramp 0979 | Q=—0.8336K°+63.9455K | 38 1,250

U-Lane 1| 0988 | Q=—1.6931K%+96.2874K | 28 1,400

U-Lane 2| 0953 | Q=—14431K>+77.4128K | 27 1,050

D-Lane 1| 0984 | Q=—1.6056A+97.4582K | 30 1,500

D-Lane 2| 0984 | @=—1.1666AK>+81.3167K | 35 1,450

Outbound Ramp 0987 | Q=— 1.8127K >+ 85.0378 K 23 1,000
On-ramp U-Lane 1| 0959 | Q=—1.4292K%+98.9116K | 35 1,750
U-Lane 2| 0963 | Q=—1.0720K>+77.5085K | 36 1,450

D-Lane 1| 0932 | Q=—1.1782K%+97.4848K | 41 2,050

D-Lane 2| 0980 | Q=—1.0854A7+81.8230K | 38 1,550

Ramp 0.983 | @=—0.9667K>+67.0190K | 35 1,200

U-Lane 1| 0994 | Q=—1.5468K>+108.146K | 35 1,900

U-Lane 2| 0995 | Q=—1.9818K+109.647K | 28 1,550

D-Lane 1| 0993 | Q=—1.3768K>+104.305K | 38 2,000

D-Lane 2| 0992 | Q=—1.8071K%+97.5046K | 27 1,350

Outbound Ramp | 0989 | Q=—1.7599K>+76.2139K | 22 850
Off-ramp| |U-Lane 1| 0990 | Q=—1.5833K>+100.518K | 32 1,600
U-Lane 2| 0995 | Q=—1717T1K°+98.4031K | 29 1,450

D-Lane 1| 0992 | Q=—1.3307K?+101.915K | 38 2,000

D-Lane 2| 0993 | Q=—3.3597K*+108.997K | 16 900

Ramp | 0991 | Q=—0.9596K>+74.0888K | 39 1,450
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Figure 4.1(a) Capacity models on the inbound on—-ramp junctions
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Figure 4.1(b) Capacity models on the outbound on—-ramp junctions
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Figure 4.1(c) Capacity models on the outbound off-ramp junctions
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Table 4.2 Results of capacity assessment within the on-ramp junctions

Capacity
Ramp Lanel Lane2 Lanel Lane2
Ramp
Upstream Dow nstream
1,450 800 1,900 1,450
Al (275%) | (-60.0%) | (-50%) | (-275%) | 120
_ (o)
Inbound 2,250(-43.75%) 3,350(-16.25%) (~26.5%)
On-ramp 1,900 1,550 2,000 1,350
B (-5.0%) (-22.5%) (0.0%) (-32.5%) 1,250
_ (o)
3,450(-13.75%) 3,350(-16.25%) (~26.5%)
1,400 1,050 1,500 1,450
C (-30.0%) (-47.5%) (-25.0%) (-27.5%) 1,000
— O,
Outbound 2,450(-38.75%) 2,950(-26.25%) (-41.26)
On-ramp 1,750 1,450 2,050 1,550
Dl _(C125%) | (-275%) | (+25%) | (-225%) | 1290
— (¢}
3,200(-20.0%) 3,600(-10.0%) (-23.4%)

wela o] AR EAAEERY] F9 SYdA=E
o] MEoZ Hu 40%7A Aie= Aow YEponms SdAdm

HAEdgde SFTUE A A A4 =2H & F 2 A A (ramp metering
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Table 4.3 Results of capacity assessment within the off -ramp junctions
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