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The Linear Speed—-Density Models on the On—-Ramp

Junction in the Urban Freeway

Jeong-Seo Aim

Department of Civil and Environmental Engineering

Graduate School of Aorea Maritime University

ABSTRACT

Generally, urban freeways connect the urban area to the suburban areas
or circulate along the circumference of the suburban areas in the big city.
Today most of the urban freeways are experiencing a severe congestion
with the mixed traffic on the on-ramp junction during the peak periods.

The purpose of this study was to identify the real-time traffic
characteristics, construct the speed-density models depending on the areas
and the directions and finally verify the models constructed. From the
analyses of the real-time traffic characteristics, and the construction and

verification of the speed-density models, the following results were obtained:

i) Real-time traffic characteristics(flow, speed, occupancy, the mixed rate
of the medium and large vehicles, etc.) in the urban freeway on-ramp
junctions under the study showed a distinct difference depending on
the time periods, the on-ramps and the directions. Especially, they did
a big difference depending on the closeness of the urban area during

the peak periods.

- vil —



i1) The mixed rate of the medium and large vehicles in the urban
freeway on-ramp junctions under the study were shown to be an
important factor in the analyses of the real-time traffic characteristics
and the construction of the speed-density models by showing a

considerable difference depending on the time periods.

iii) Constructing the linear speed-density models in the urban freeway
on—-ramp junctions under the study showed a considerable explanatory
power with the determination coefficients(R?) of over 0.70 between
the speed and the density data based on the real-time traffic

characteristic data.

iv) Verifying the linear speed-density models constructed in the urban
freeway on-ramp junctions under the study also showed a
considerable correlativeness ~ with the correlation coefficients(7) of
over 0.83 between the observed speed data and the expected speed

data estimated by the linear models constructed.
Thus, it was concluded that the linear modeling would be considerably

valid in the analysis of the speed-density relationship on the urban

freeway on-ramp junctions in the country.
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Table 1.2 Types of vehicle and passenger car equivalents
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Table 2.1 Peak hour factors(PHF) and percentage of heavy vehicles

percentage of heavy vehicles(%)

on—ramp PHF
min max average
A 0.62 ~ 098 0 58 16
B 0.68 ~ 0.99 0 27 8
C 0.66 ~ 0.99 0 38 12
D 0.73 ~ 098 5 45 21
Table 2.2 Flow on the on-ramps under the study
flow(pe/h)
on-ramp
min max average
A 46 1,068 400
B 144 1,547 909
C 109 2,110 1,220
D 120 1,677 833




Flow distribution on the merge spot of ramp A
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Flow distribution on the merge spot of ramp C
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Speed distribution on the merge spot of ramp A
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Speed distribution on the merge spot of ramp C
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Table 2.4 Density on the on—-ramps under the study

Density(pc/km)
on-ramp
min max average
A 0.8 40.7 9.2
B 2.0 64.6 23.9
C 1.7 75.8 22.8
D 19 59.9 17.3




Density distribution on the merge spot of ramp A
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Density distribution on the merge spot of ramp C

800
—&— Day 1 N |
700 7+Day2 '/“
£ 600 Day3 3 A
Day 4 “/‘
X
< 500 x y‘ 2/
\9 V'S
é‘ 400 ) 4 ‘ =_I
5 0 P NS
e 4 ¢ Tty Al o<
200 43 . E—
. -
100 6] _ ;.'
— ‘”‘:‘“'( ="t
00 :
0 4 8 12 16 20
Time(hour)
Fig. 2.11 Density distribution of on-ramp C
Density distribution on the merge spot of ramp D
800
—o— Day 1
700 = pay2
E 600 Day3 by
Day4 n = ™
< 500 N g &
8 \
\5 400 \4 x
k%) 'S
300
S P \| ...
O 200 >§ — e R
i'/:“ v - ;‘=
100 5 — o ‘
00 e
0 4 8 12 16 20
Time(hour)

Fig. 2.12 Density distribution of on-ramp D




i
ﬂmﬁ

T
o

—

O

oF

i

4r

B

4r
h=

2)

N
Ho

W
)

X

Oox
o

Njo
TH

™

o

i

oy
,_.*m_.o
™
H
Ul

ol
Njo
!

=K

A

jase]

o

™
A
Ll

i

—_—
o

el
Ko

!
K
N

,_._mo

ay

Ul

)

Mo
1

3 2.

o

=4

(K=
3.2 28+

s
a-

A

i

ﬁo

H

—

-

ol
o

o

Greenshields =

(3. 1)

a—BK

D;_



a: 29 FAASF (km/h)
g 2y 3AAST (km*/h/pe)

&R 2y AAAFTIHRY) o] LdHE A xo]E Holx AHOZ UEG O
=

U A doez 0700148 Beo

f
Y
td
o
lo,
-
A
=
o
ot
2
10
of
filo
T
a,
=

A AT (FZE Table 3.1, Fig. 3.1~3.4).

Table 3.1 Linear models at the on-ramps under the study(l-day DB)

bound ramp spot models R?

Day 1| merge U, =69.2616 —1.4715K 0.910

Day 2 merge U, =69.0851 —1.5248 K 0.926

A Day 3| merge U, =68.6583 —1.3537TK 0.894

Day 4| merge U, = 67.5548 —1.1984 K 0.896

outbound Day 1| merge U, = 67.6365—0.7865K 0.937
Day 2 merge U, =68.8119—0.7312K 0.799

B Day 3| merge U, =68.2579—0.7815K 0.939

Day 4| merge U, =66.6652—0.7346 K 0.919

Day 1| merge U, =79.7007—0.7194K 0.736

Day 2| merge U, =80.7123—0.7515 K 0.755

c Day 3| merge U, =81.3014—0.8093 K 0.808

Day 4| merge U, =78.5680—0.6945 K 0.701

inbound Day 1 merge U, =72.0870—0.7963 K 0.879
Day 2| merge U, =73.0372—0.8729K 0.910

b Day 3| merge U, =72.6892—0.78694 0.895

Day 4| merge U, =72.9944—0.8872K 0.935
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Table 3.3 Correlation coefficients by the linear model(1-day DB)

bound outbound inbound
ramp A B C D
spot merge merge merge merge
r(Day 1) 0.954 0.968 0.858 0.937
r(Day 2) 0.962 0.894 0.869 0.954
r(Day 3) 0.945 0.969 0.899 0.946
r(Day 4) 0.947 0.959 0.837 0.967

Note : r = correlation coefficient

Table 3.4 Correlation coefficients by the linear model(4-day DB)

bound outbound inbound
ramp A B C D
spot merge merge merge merge
r 0.950 0.959 0.868 0.954

Note : r = correlation coefficient
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