np
3
oF
Tor

B
Tor
Ho

T
o®

yrLe)

O
qr

Density Predictive Model within the On-Ramp Junction

Influence Areas of the Urban Freew ay

- Based on the Beonyoungro in the Metropolitan City of Busan -

M

—

A

¢+
g

A =

20084 24

o
Tor
=
El

Tor

AL
00

3

To-

=y
o
Ho
ﬁo
o
Hr



1
v
v

Hr

vi

11 ?j:rLBH 7(:)]

3
=

1
%7 g

12 A+

o}

o
alz)
N

A 2%

TH

R
Bl
o
oo

I

11

B!

ry

ol

22 7€

12

12

s

A

31 A=8

14

i
-
o
E]

3.2

23



- 26

i

=

e

0

™

33

33

3

-

5.1 ¥ ul

36

t

6.1 4

37

B/
;oT

6.2

o
al7
B

AR



fHV

q;

Nomenclature

Volume in 15-min, veh/15min

Adjustment factor for heavy vehicles

Hourly flow rate, pc/h

Peak 15-minute flow rate, pc/15min

Percentage of middle vehicles, %
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Density of 1st lane from
Density of 2st lane from
Density of adjacent lane,

Mean density within the

adjacent lane, pc/km
adjacent lane, pe/km
pe/km

merge influence area
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Density Predictive Model within the On-Ramp Junction

Influence Areas of the Urban Freew ay
- Based on the Beonyoungro in the Metropolitan City of Busan -

Jong Jin Pvo

Departmernt of Ciuil and Envirormmental Engineering,

Graduate School, Aorea Maritime Urmversity, Busan Aorea

Abstract

Urban freeway is the transportation facility which has the function to
swiftly handle a large-scale travel demand and takes charge of a key role
in the urban transportation system in the city. Urban freeway 1is also
composed of the basic segment, the weaving segment, the ramp roadway
and the ramp junction. More traffic congestion and accidents caused by the
vehicles to enter or exit through the entrance and exit ramps occur within
the ramp junctions than those caused by the lane change or deceleration
maneuver of the vehicles on the mainline segment of the urban freeway.

Additionally, density is used as the measure of effectiveness (MOE)
within the ramp junction influence area suggested in the Korean highway
capacity manual(KHCM) in the LOS analysis of the ramp junction, and also
density predictive models suggested in the KHCM 1is constructed based on
the expressway with the speed limit of 100km/h or 110km/h in Korea. So,
the density predictive models suggested in the KHCM are needed to verify

if the models could be applied to the urban freeway with the speed limit of

_Vi_



80km/h or less, because the speed limits on most of the urban freeways in
Korea are 80km/h or less.

The purpose in this study is to collect and investigate the real-time
traffic characteristics within the on-ramp junction influence areas of the
urban freeway, compare and analyze the traffic characteristic relationship
within the ramp junction influence areas of the urban freeway, and finally
construct and verify the appropriate density predictive model within the
on—-ramp junction influence area of the urban freeway by comparing with
the USHCM and KHCM models.

By analyzing the real-time traffic characteristics, and constructing and
verifying the density predictive model within the on-ramp junction influence

area of the urban freeway, the following conclusions were drawn:

1) Traffic characteristic analyses were shown to have a distinct
difference in the traffic characteristic distributions within the on-ramp
junction influence areas. The capacities within the on-ramp junction
influence areas were also found to decrease by about 30% when
compared with those on the mainline segments of the urban freeway.

i1) Density predictive model was especially shown to have a high

explanatory power with the coefficient of determination(R?) of 0.986,
and also to be very valid with a high correlation coefficients(r) of
about 0.994 within the on-ramp junction influence areas of the urban
freeway.

iii) Density predictive model in this study was shown to have a higher
significance by showing no difference in the predicted and observed
densities with the significant probability of 0.453 than the significant
probability of 0.000 in the KHCM and USHCM models at the 95%

level of significance as a result of the t-test.
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2.1.1 19923 ==& FHEF(KHCM, 1992)

A= HEF MulaeE s A% aRHER VS =2&ddd

M

(KHCM, 1992)d A= G deA] A= JEaAde] weHo=s a1, olg E

M= Table 213 2ol A%%e] §o3 AnxsFEe ATt o
YR AFAGD FET FFALY FEAAL FAPgo AL W FFY
=

o
o
SFE 2200(5&2/A/AR), EaFe 8F A 2200582/ A/ R) S

Table 2.1 Maximum service flow rate of 1 lane ramp (%9 : pephpl)
MU ASE HAZZ dAHZ(km/h)
30 40 50 60 =70

A _ _ _ _

B - - > 800 > 900 =>1,000

C > 950 >1,150 >1,250 >1,300 >1,400

D >1,250 >1,400 >1,600 >1,700 >1,800

E >1,500 >1,600 >1,800 >1,900 >2,000

F _ _ _ _ _




Table 2.2 Maximum service flow rate for merge and diverge areas
(4] © pephpl)

MHlA=E e EFF NEEg Iz
A = 650 = 700 > 750
B >1,050 >1,100 >1,150
C >1,450 =>1,500 >1,550
D >1,800 >1,850 =>1,900
E > 2,200 =>2,200 = 2,200
F . . .

g T2 8

s

g, 1992, A uE

Table 2.3 Equations for predicting the flow at the merge or diverge points

- > o = A
424 &R Vi =0.412V;—0.085 V,
T ¢ 624 A& V. =0.305V;—0.152V,
A AEER V, =0.233V,—0.201V,
434 AEER V,=0.336V; +0.763 V,
T E 6231 LHER 1, =0.215V;+0.692V,
8 &L V, =0.167V;+0.631V,
F) Vo B HEAA 5% #F(peph)
V. 9242 3% %F(pcph)
Vit #2449 24 w5 F(peph)
golE
=
VF[ =
V,—

= =
a. 8%

Fig. 2.1 Flow at the merge or diverge for analysis
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Table 2.4 Capacities within the ramp junctions (249 :pceph)
=24 BRR(Ve) ¥ B8R(V,) 24 18 qed Y
Saine i, - - FER WSE | RYR usSE

(kph) 2xt=2 3xt= 4X=2 0l4 (Vi) (V)
<120 <4,600 <6,900 <2,300/A} = 4,400 4,600
<110 <4,500 <6,750 <2,250/AF = 4,400 4,600
<100 <4,400 <6,600 <2,200/#} = 4,400 4,600
<90 <4,200 <6,300 <2,100/#} = 4,400 4,600

AE ERET

)

2, 2005, 1€ uE -

Table 2.5 Capacities of the ramp roadways (+$1 ‘pcph)
HAZ(1,)2 88
HAB=29 NH3EE(kph)
12 ¢HEZ Xz gE=2
) 70 <2,000 <4,000
< 70 <1,900 <3,800
< 60 <1,800 <3,600
< 50 <1,700 <3,400
< 40 <1,600 <3,200
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Table 3.2 Results of flow

characteristic analysis

Flow rate(pc/h)
on—-ramp
Min. Max. Avg. Peak period
A 100~150 1,200~1,600 800~900 1,200~1,600
B 150~200 1,600~1,800 1,000~1,100 1,600~1,800
C 150~200 1,800~2,000 1,000~1,100 1,800~2,000
D 100~150 1,200~1,400 700~800 1,200~1,400
2000 2000
1800 | " 1800 o~ 0ay7
1600 | :g;; 1600 | +Da§2 o A
1400 Day3 1400 | g
g 120 fﬁm =120 . ﬂ
£ 1000 1 N> o e 21000 L
800 § 800 |- *
600 7 A] !
i - \ f
202 | ‘ }‘-“" ““““““““““ 200 | y'v/
1234567 89101112131415161718192021 222324 ereyry
Time(hour) 12845678910 WTWWIIeZ(ASUWr)A 151617 18192021 222324
(a) Munhyeon (A) (b) Daeyeon (B)
2000 2000
1800 ——Day 1800 | —#—Dayl
1600 |-|—#-Day2 1600 | +E:j§
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Table 3.3 Results of speed characteristic analysis

Speed(km/h)
on—-ramp
Min. Max. Avg. Peak period
A 25~35 65~175 45~55 65~175
B 20~30 70~80 40~50 70~80
C 20~ 30 70~80 45~55 70~80
D 20~ 30 70~80 55~65 70~80
100 100
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Fig 3.3 Speed distribution
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Table 3.4 Density on the on—-ramps under the study

Density(pc/km)
on-ramp
Min. Max. Avg. Peak period

A 2~3 30~40 15~25 30~40
B 2~3 50~60 20~30 50~60
C 2~3 50~60 15~25 50~60
D 2~3 30~40 15~25 25~35
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Fig. 3.4 Density distribution
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Fig. 3.5 Relationship between flow and speed
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Table 4.2 Regression coefficients by the models

Independent variables
Vi Vis Ly
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Table 4.3 t-test results of the observed and expected densities

Dyp(0) :+ Dyp(E) t-value p-value Result
KHCM 17.65133 0.000 Reject
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Table 5.1 Statistics of observed and expected densities by the models

o This KHCM USHCM
T = Observed Model Model Model
RMSE - 0.981 3.205 2.861
- XA 11.166 11.497 8.832 9.495
° | (Ratio) | (- ) | (102.96%) (79.10%) (85.03%)
MW
- J;-_; 4 6.480 6.593 4.990 4556
_:—_IL_T'__‘\_X
(Ratio) ( - ) (101.74%) (77.01%) (70.31%)
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Fig. 5.1 Comparison of observed and this model density
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