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Travel Delay Predictive Modeling within the Ramp

Junction Areas of Urban Freeway
— Based on the 1st Urban Freeway in Busan City -

Yu Na, Jeong

Department of Giuil and Environmental Engineering,
Graduate School, Korea Maritime University, Busan, Korea

Abstract

Travel delay denotes a time difference between the running time of
vehicle with a normal speed and the travel time of vehicle with a congested
speed for traversing the same segment of roadway, and is sometimes used
as a measure of time delayed in the junction or bottleneck areas of
roadway. Most of the urban freeways in the country are suffering from
severe traffic delay within the entrance and exit ramp junction influence
areas on the urban freeway, as a freeway with the speed limit of 80 km/h
or less regardless of the rush hours. So, the purpose in this study is to
develop the delay predictive models that could predict the average travel
delay within the ramp junction influence areas of urban freeway having the
geographical features which differ from the expressway, and also examine
the validity of the travel delay predictive models developed.

From the traffic characteristic analyses and travel delay predictive model
constructed within ramp junction influence areas of the 1st urban freeway

selected in the City of Busan, the following conclusions were drawn;

- viii -



i) Except for nighttime period, travel demand occurred in most of the
time periods. As ftraffic flow on the 2nd lane was particularly higher than
that on the 1st lane, traffic management system such as freeway traffic
information system must be established considering the lane-based

characteristics.

ii) Traffic intensity of the on-ramp was shown to be higher than that of
the off-ramp. As traffic intensity especially increased to the maximum in the
morning and afternoon peak periods, the traffic management system such as
the Ramp Metering System must be established considering the period-based

characteristics.

iii) This delay model was shown to have a high explanatory power and
level of confidence. As the determination coefficient values were especially
0.90 or higher in all of the on-ramps and off-ramps, the applicability of this
delay models for predicting travel delay was expected to increase with the

high level of confidence.

iv) This delay model was shown to increase validity with a high
correlation coefficients. As the correlation coefficient values were higher than
0.90 in most of the on-ramps and off-ramps, except the off-ramp H, and the
F-value was also 0.000, a big difference between predicted delay and

computed delay was not found to exist.
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olg1dt Al EERo|A ZAHFEF(inbound)d] IYPAZAZEZ A(Wondong) &t
B(Mangmi), A&a2=2 C(Daeyeon)®} D(Munhyeon), H%EA1H3F(outbound)

9] FgAZAd=zZ E(Munhyeon)$t F(Daeveon), F&=dZ2=Z G(Mangmi)$t

AF8-5] .

Table 2.1 Geometric characteristics within the ramp junction area

Ramp junctions Munhyeon | Daeyeon Mangmi Wondong
7Hat2Z 0l (m) 70 170 80 170
A2 0] (m) 80 170 150 120
A&tz o] G2 RS
A= (lane), (EA/AZR) 2/1
A2 & (m), (EA/AZER) 3.7/ 3.7~5.0
AL (km/h), (Fd/A4=) 80 / 50
A& =(km/h), (Bd/A4=) 60 / 50
S FE(m), (FLEHNS/ 295 1.2 /2.0

T D) ASAY sRF(Eeld & 71e)e AW 215m AR HE =4
2) AEAR ARHez 715)9] 9 108m AF, sHFe] A 127m A Aol BE 4
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Table 2.2 Flow rate statistics at the inbound ramp junctions

Ramp junction

Flow rate(pc/h)

Lane 1 Lane 2
Max. 1,528 1,808
Min. 36 108
Avg. 837
AM Peak 1,258
PM Peak 1,343
On—ramp
Max. 1,948 2,380
Min. 80 148
Avg. 1,119
AM Peak 1,708
PM Peak 1,687
Inbound
Max. 1,952 2,172
Min. 60 136
Avg. 1,188
AM Peak 1,547
PM Peak 1,555
Off —ramp
Max. 1,484 1,884
Min. 4 100
Avg. 778
AM Peak 1,418
PM Peak 1,101
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Table 2.3 Flow rate statistics at the outbound ramp junctions

Ramp junction

Flow rate(pc/h)

Lane 1 Lane 2

Max. 1,356 2,064
Min. 80 172
Avg. 912

AM Peak 1,112

PM Peak 1,304

On—ramp

Max. 1,716 2,468
Min. 128 188
Avg. 1,192

AM Peak 1,601

PM Peak 1,466

Outbound

Max. 2,004 1,880
Min. 96 184
Avg. 1,206

AM Peak 1,607

PM Peak 1,566

Off —ramp
Max. 1,504 1,840
Min. 56 160
H Avg. 957
AM Peak 1,390
PM Peak 1,178
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Table 2.4 Speed statistics at the inbound ramp junctions

Speed(km/h)
Ramp junction
Lane 1 Lane 2

Max. 110 63
Min. 30 29
Avg. 61

AM Peak 51

PM Peak 58

On—ramp

Max. 87 71
Min. 22 26
Avg. 61

AM Peak 32

PM Peak 58

Inbound

Max. 104 94
Min. 71 48
Avg. 65

AM Peak 68

PM Peak 62

Off —ramp

Max. 116 88
Min. 20 55
Avg. 60

AM Peak 55

PM Peak 56
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Table 2.5 Speed statistics at the outbound ramp junctions

Speed(km/h)
Ramp junction
Lane 1 Lane 2

Max. 85 67
Min. 33 31
Avg. 56

AM Peak 56

PM Peak 44

On—ramp

Max. 101 70
Min. 22 26
Avg. 52

AM Peak 39

PM Peak 28

Outbound

Max. 84 69
Min. 41 37
Avg. 63

AM Peak 69

PM Peak 56

Off —ramp

Max. 103 77
Min. 65 50
Avg. 65

AM Peak 70

PM Peak 57
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Table 2.6 Density statistics at the inbound ramp junctions

Ramp junction

Density (pc/km)

Lane 1 Lane 2
Max. 31.9 55.3
Min. 0.4 1.8
Avg. 14.3
AM Peak 25.5
PM Peak 23.3
onramp Max, 67.6 84.2
Min. 0.9 2.5
Avg. 21.3
AM Peak 55.7
PM Peak 30.2
fnbound Max, 25.5 35.3
Min. 0.6 1.5
Avg. 18.8
AM Peak 22.8
PM Peak 25.3
Off7ramp Max. 46.4 29.4
Min. 0.7 1.2
Avg. 13.7
AM Peak 26.3
PM Peak 20.1
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Table 2.7 Density statistics at the outbound ramp junctions

Ramp junction

Density (pc/km)

Lane 1 Lane 2
Max. 44.0 51.8
Min. 1.1 2.7
Avg. 17.6
AM Peak 20.0
PM Peak 30.9
onramp Max, 60.3 83.2
Min. 1.3 3.0
Aveg. 29.1
AM Peak 46.6
PM Peak 52.2
Outbound Max. 36.0 41.3
Min. 1.2 2.7
Avg. 20.0
AM Peak 24.2
PM Peak 28.2
Off7ramp Max. 18.9 31.2
Min. 0.7 2.3
Avg. 15.0
AM Peak 19.9
PM Peak 21.1
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Table 2.8 Travel delay statistics at the inbound ramp junctions

Ramp junction Delay(sec)

Max. 32

Min.
A Avg. 4
AM Peak 10
PM Peak 6

On—ramp
Max. 47
Min. 1
B Avg. 8
AM Peak 35
PM Peak 8
Inbound
Max. 6
Min. 0
C Avg. 3
AM Peak 2
PM Peak 4
Off—ramp

Max. 26
Min. 0
D Avg. 12
AM Peak 14
PM Peak 14
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Table 2.9 Travel delay statistics at the

outbound ramp junctions

Ramp junction Delay(sec)
Max. 28
Min. 2
E Avg.
AM Peak
PM Peak 17
On—ramp
Max. 52
Min. 1
F Avg. 17
AM Peak 27
PM Peak 43
Outbound
Max. 21
Min. 1
G Avg. 4
AM Peak 3
PM Peak 7
Off—ramp
Max. 8
Min. 1
H Avg. 3
AM Peak 2
PM Peak 4
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Fig. 2.17 Flow — speed relationship at the outbound ramp junctions
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Table 2.10 Flow vs speed statistics at the inbound ramp junctions

Speed(km/h)
Ramp junction Max. Min. Speed AM peak PM Peak
Speed - opee Speed Speed
Max. Flow — 1,938\ 24 — —
Min. Flow 76\ 86 - - -
On—ramp
AM Peak Flow - - 1,483\ 42 -
PM Peak Flow - - - 1,515\ 58
Max. Flow - 1,822\ 37 — -
Min. Flow 80\ 98 - - -
Off —ramp
AM Peak Flow — — 1,483\ 61 -
PM Peak Flow — — — 1,328 \ 59
Table 2.11 Flow vs speed statistics at the outbound ramp junctions
Speed(km/h)
Ramp junction Max. Min. Speed AM peak PM Peak
Speed . opee Speed Speed
Max. Flow - 1,892\ 26 - -
Min. Flow 140\ 85 - - -
On—ramp
AM Peak Flow - - 1,357\ 47 -
PM Peak Flow - - - 1,385\ 36
Max. Flow - 1,906 \ 39 - -
Min. Flow 112\ 87 - - -
Off—ramp
AM Peak Flow — — 1,527\ 70 -
PM Peak Flow - - - 1,371\ 56
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Fig. 2.18 Flow — speed relationship on the individual ramp junctions
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Table 2.12 Speed vs density statistics at the inbound ramp junctions

Ramp junction

Density (pc/km)

Max. Min. AM peak PM Peak
Density Density Density Density
Max. Speed - 86\ 1.1 — —
Min. Speed 24\ 73.7 - - -
On—ramp
AM Peak Speed — - 42\ 35.3 -
PM Peak Speed - - - 58\ 26.1
Max. Speed - 98\ 1.1 - -
Min. Speed 37\ 36.3 - - -
Off—ramp
AM Peak Speed — — 61\ 24.3 -
PM Peak Speed — - - 59\ 22.5

Table 2.13 Speed vs density statistics at the outbound ramp junctions

Ramp junction

Density(pc/km)

Max. Min. AM peak PM Peak
Density Density Density Density
Max. Speed —= 85\ 2.1 - -
Min. Speed 26\ 67.3 - - -
On—ramp
AM Peak Speed G - 47\ 28.9 -
PM Peak Speed - — — 36\ 38.5
Max. Speed - 87\ 1.0 - -
Min. Speed 39\ 28.1 - - -
Off—ramp
AM Peak Speed — - 70\ 21.8 -
PM Peak Speed - - - 56\ 24.5
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Fig. 2.21 Speed — density relationship on the individual ramp junctions
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Table 2.14 Flow vs density statistics at the inbound ramp junctions

Ramp junction

Density(pc/km)

Max. Density

Min.
Density

AM peak
Density

PM Peak
Density

Max. Flow

1,938\ 73.7

Min. Flow

76\ 1.1

On—ramp
AM Peak Flow

1,483\ 35.3

PM Peak Flow

1,515\ 26.1

Max. Flow

1,822\ 36.3

Min. Flow

Off—ramp
AM Peak Flow

1,483\ 24.3

PM Peak Flow

1,328\ 22.5

Table 2.15 Flow vs density statistics at the outbound ramp junctions

Ramp junction

Density(pc/km)

Max. Density

Min.
Density

AM Peak
Density

PM Peak
Density

Max. Flow

1,892\ 67.3

Min. Flow

140\ 2.1

On—ramp
AM Peak Flow

1,362\ 24.8

PM Peak Flow

1,385\ 38.5

Max. Flow

1,906 \ 38.6

Min. Flow

112\ 1.5

Off—ramp
AM Peak Flow

1,627\ 21.8

PM Peak Flow

1,371\ 24.5
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Table 3.2 Travel delay predictive models on the inbound ramp junctions

Ramp

2 o
Junction Models R F—sig.

A | dy, = 54.752—0.333u, — 0.221u, —0.254u, —0.004g, | 0.929 | 0.000

On
B djon = 73.428 — 0.704w,, — 0.354u,. — 0.004q,,, 0.964 0.000

On—ramp | d,, =58.831— 1.132u,+0.372u, +0.007q,, —0.0g. | 0.947 | 0.000

‘jon

C | dyy =19.361—0.192u, —0.006u, +0.024u, 0.934 | 0.000
Off

D | d,; =38481—0.313u, —0.274u, +0.086u, 0.919 | 0.000

Off-ramp | d,,; = 40.462—0.265u, —0.293u, +0.059u, —0.002¢, | 0.943 | 0.000

Table 3.3 Travel delay predictive models on the outbound ramp junctions

Ramp

. Models R? F—sig.
Junction

E djon =48.457—0.211u,, = 0.682u,; + 0.259u, — 0.002¢, | 0.976 0.000

On
F djon =71.705—0.811u, —0.011gq, 0.936 0.000
On—ramp djon =63.467—0.614u,; — 0.258u,, — 0.004gq, 0.937 0.000
G djof = 36.530—0.207u,, — 0.264u, — 0.002¢, 0.971 0.000

Off
H djof =15.165—0.187u,, —0.001q, 0.906 0.000

Ofi—ramp | d,,p = 24.815—0.369u, +0.056u, +0.002¢, —0.003¢, | 0.924 | 0.000
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Table 4.1 Correlation analysis of models at the ramp junctions

Ramp junction r Ramp junction r
A 0.960 E 0.987
On On
B 0.988 F 0.972
On—ramp 0.977 On—ramp 0.974
Inbound Outbound
C 0.956 G 0.987
Off Off
D 0.970 H 0.850
Off—ramp 0.974 Off—ramp 0.952
On—ramp 0.973 Off—ramp 0.970
60.0 60.0
y=0.903x + 1.159 y=0.932x + 0.269
= 500 4 r=0.973 = 50.0 r=0.970
T 400 | ¢ T a00
E 30.0 A E 30.0
% 200 é 20,0 [
£ 100 A & 100
00 + 0.0 . ; .
00 100 200 300 400 500 600 00 100 200 300 400 500 60.0

Observed delay

Observed delay

On—ramp

Off—ramp

Fig 4.1 Travel delay correlation within the ramp junctions
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Fig 4.3 Travel delay correlation within the outbound ramp junctions
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Fig 4.4 Travel delay correlation within the ramp junctions
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Table 4.2 Model validity at the ramp junctions

Collinearity Statistics

Ramp junction R? F—sig. D_IW
vaiue Tolerance VIF
A 0.929 0.000 | 1.407 | 0.118~0.674 1.483~8.496
B 0.964 0.000 | 1.168 | 0.272~0.457 2.189~3.673
On—ramp 0.947 0.000 | 0.840 | 0.281~0.461 2.171~3.558
Inbound
C 0.934 0.000 | 1.287 | 0.243~0.732 1.366~4.121
D 0.967 0.000 | 1.997 | 0.262~0.419 2.389~3.810
Off—ramp 0.943 0.000 | 1.018 | 0.134~0.786 1.272~7.477
E 0.976 0.000 | 2.014 | 0.262~0.518 1.929~3.816
F 0.936 0.000 | 0.857 0.557 1.797
On—ramp 0.937 0.000 | 0.913 | 0.193~0.796 1.256~5.193
Outbound
G 0.971 0.000 | 1.862 | 0.231~0.432 2.312~4.324
H 0.906 0.000 | 1.837 0.487 2.055
Off—ramp 0.924 0.000 | 1.573 | 0.177~0.636 1.573~5.664
On—ramp 0.943 0.000 | 0.879 | 0.361~0.491 2.035~2.771
Off—ramp 0.934 0.000 | 0.959 | 0.177~0.636 1.573~5.664
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