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Abstract

Generally urban freeway is the principal arterial corridor that is intended to provide for high
levels of safety and efficiency in the movement of high—-volumes of traffic at high speeds in
the big city. However, most of the urban freeways are experiencing a severe congestion with
the mmcoming or outgoing traffic through the freeway interchange regardless of the peak
periods. Thus, the purpose of this study is to investigate and analyze the real-time traffic
characteristics, and construct the travel delay predictive models on the diverge sections in the
congested urban freeway interchange in city of Busan.

From the results of the real-time traffic characteristic analyses, construction and verification
for the delay predictive models on the diverge sections of the urban freeway interchange under
the study, the following conclusions were drawn;

1)  Traffic flow showed a big difference depending on the time periods in the urban
freeway interchange. Particularly more traffic were concentrated on the urban freeway
mterchange in the daytime period when compared with the nighttime period.

11)  Traffic flow also showed a quite difference depending on the travel directions in the
urban freeway interchange. Particularly more traffic were concentrated on the urban freeway



interchange in the inbound direction when compared with the outbound direction.

iii)  Traffic characteristic variables selected were considerably correlated with the delay
predictive modeling on the diverge sections of urban freeway interchange under the study.
Particularly the occupancy showed a higher explanatory power for the delay predictive model
construction.

iv)  The delay predictive models showed a higher explanatory power in the inbound
direction and the daytime period, but a lower explanatory power in the outhbound direction and
the nighttime period.

v) The urban freeway traffic management system(UFTMS) measure like the variable
message sign(VMS) was shown to be more effective on the inbound exit ramp in the morning
rush hour.

_ii_



ABSTRAQCT -+eeveerseeseersrsseessasseessassassieseseessasessiesssseessessessesssssansens i
NOMENCLATURE ##+seeseesesseessessessasssssessessensesesiessessessessassessesssenes v
LIST OF FIGURES :++eeeeesseessessesssesunsueseasuasessssseessasnssssssesssensenns Vi
LIST OF TABLES #+eseerseeseesseeseesssesuaseessesiuesiesessseseessessessessessenns Vi
L A] B cereeeee et 1
L1 QITE BT coeeeeeeessesssessseisseisss st 1
12 AT B T 3 QA e 1
13 TEG] ZEAL wrevereeseesesssess ettt 9
14 AT El HFH s 4
2 WE EA BA 5
D] FLTE T weveressemsres ettt 6
DD oD ittt 14
- OO 20
DA T A| weeseesereseessens e %
ST =T R NS R 30

- il -



31
39

e

o
ad

o

H
0

g

ces 35

s

NJo
@

35

41

43

;OL
ald

:Aﬂ

_iV_



Vs

VDD

NOMENCLATURE

; - Volume on diverge influence area in veh/15min

. Flow rate on diverge influence area in veh/hour

. Upstream volume of freeway in veh/15min

. Downstream volume of freeway in veh/15min

. Upstream flow rate on diverge influence area in veh/hour

. Downstream flow rate on diverge influence area in veh/hour
. Upstream peak flow rate on in veh/hour

. Downstream peak flow rate on in veh/hour

. Diverge ramp volume in veh/15min

. Diverge ramp flow rate in veh/hour

. Time mean speed on upstream detector in km/hour

. Time mean speed on downstream detector in km/hour

. Space mean speed on diverge influence area in km/hour
. Occupancy on upstream detector in %

. Occupancy on downstream detector in %

. Length of a vehicle

. Length of a detector itself

: Speed on upstream detector in km/hour

. Speed on downstream detector in km/hour

: Time interval in hour

. Number of vehicles observed on upstream detector

: Number of vehicles observed on downstream detector

. Average delay(15min) on diverge influence area in sec/veh
. Average travel time on diverge influence area in sec/veh
: Maximum travel time on diverge influence area in sec/veh
. Length of diverge influence area in 450m

: Maximum travel speed of mainline section in km/hour

. Dummy variable

: Peak hour factor
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Table 2.1 Average flow rate depending on the directions (vphpl)

Sections

Directions

upstream

ramp

downstream

outbound

932

558

374

inbound

687

133

554

1400

1200

1000

800

600

Flow rate(vphpl)

400

200

L1

Upstream

Ramp

Downstream

O CQutbound

O Inbound

Fig. 2.2 Average flow rate depending on the directions




Table 2.2 Average flow rate depending on the periods (vphpl)

Sections
. upstream ramp downstream
Periods
daytime 1025 430 595
nighttime 594 261 333
1400
1200
1000
=
= 800
=
E 600
3
L
400
o
Upstream Ramp Downstream
| O Daytime O NMighttime I

Fig. 2.3 Average flow rate depending on the periods
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Table 2.3 Average peak flow rate depending on the directions (vphpl)

Periods
Directions
24 H
Ours AM Change PM Change
average
& peak (%) peak (%)
flow
outbound 932 1197 28.4 1144 22.8
inbound 687 764 11.2 1124 63.6
1400
1200
_ 1000
52.
£ s00
®
= 500
g
- 400
200
o
24 Hours AM FM
average peak peak
flow
| O Outbound O Inbound I

Fig. 2.4 Average peak flow rate depending on the directions
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Fig. 2.5 Average upstream flow rate distribution (outbound)
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Fig. 2.6 Average upstream flow rate distribution (inbound)
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Fig. 2.7 Average downstream flow rate distribution (outbound)
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Fig. 2.8 Average downstream flow rate distribution (inbound)
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Table 2.4 Average speed depending on the directions (kmy/hr)

downstream

63.4

56.2

diverge section

61.5

61.3

upstream

99.1

66.5

Sections

Directions

outbound

inbound

100

Q o o Qo
o = o
AL:\Exuﬁmmam

Downstream

Diverge section

O CQutbound

Upstream

O Inbound

Fig. 2.10 Average speed depending on the directions
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Table 2.5 Average speed depending on the periods (kmyhr)

Sections . .
. upstream diverge section downstream
Periods
daytime 59.7 58.0 59.0
nighttime 66.0 64.7 65.5
100
80
E 60
=
=
k]
g 40
[ L]
20
o
Upstream Diverge section Downstream
| O Daytime O Mighttime |

Fig. 2.11 Average speed depending on the periods
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Table 2.6 Average peak speed depending on the directions (kmv/hr)

Periods
Directions 24 Hours
AM PM
average Change Change
peak peak
speed
outbound 61.5 61.9 0.4 59.6 -1.9
inbound 61.3 57.1 -4.2 61.6 0.3

100
80

E 60 1

2
¢ 40
(]
20
o
24 Hours AM FPM
average peak peak
speed
| O Outbound O Inbound I

Fig. 2.12 Average peak speed depending on the directions
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Fig. 2.13 Average speed distribution (outbound)
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Fig. 2.14 Average speed distribution (inbound)

_19_




o

KR

(2. 11)
(2. 12)

ApgFol mm o HAZVNAM wFEs AZEe] vEEA Al

A5, WA
3 o] e

o

T

[e)

1=

stol ot

5

[€)

A
It
Q

o]

=

=

7 & (occupancy)
E%)=
71 o]

(%)

o
oF

ra

e

2)

;.OO
~

N
-
il
iz

o] (m)
_ 20 —

A HERSEE 5

fr&o] oftF = vetu v (32 Fig. 2.15, 2.16, 2.18 ~ 2.21 & Table

A 7]

=

¢ Al 7+ (15min)

T

al

%

19 <F 35%

F

AP R T xpol 7t

Jg—

h=:]

=
1
puy

601:
of
2.7, 2.8).

el

o

o
T
s



o)/

of °F 1.6%9] vt

}

N

A

°F 1.9%9] t}a

-
T

kel

]

)A

L5 H
= H Y (FHZ Fig. 217 & Table 9).

’

[e}ie]
& 4

]
=

o]

1=
~

il

Ay

(congestion)©]

=
[}

.

2 A Al 7}

Table 2.7 Average occupancy depending on the directions (%)

downstream

2.0
12.0

upstream

6.4

8.5

Sections

Directions

outbound

inbound

8 B § 8 &
(o7, )Aauednaag

=]

—

o

Downstream

O Inbound

Upstream

O Qutbound

Fig. 2.15 Average occupancy depending on the directions
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Table 2.8 Average occupancy depending on the periods (%)

Sections
. upstream downstream
Periods
daytime 11.0 12.4
nighttime 3.8 2.1
a0
50
= 40
&
5 30
o
=3
o
o 20
10
o ! ll - _
Upstream Downstream
| O Daytime O Nighttime

Fig. 2.16 Average occupancy depending on the periods
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Table 2.9 Average peak occupancy depending on the directions (%)

Periods
Directions 24 Hours
AM PM
average Change Change
peak peak
occupancy
outbound 6.4 8.0 1.6 8.0 1.6
inbound 85 11.6 3.1 6.6 -19
&0
50
:o--‘ 4{:'
=
5 30
=)
S 20
IS ] e
0
24 Hours AM FPM
average peak peak
occupancy
| O Outbound O Inbound I

Fig. 2.17 Average peak occupancy depending on the directions
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Fig. 2.19 Average upstream occupancy distribution (inbound)
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Fig. 2.21 Average downstream occupancy distribution (inbound)




2.4 A A

A A (delay)= AHrE & (free flow) FEo] =ALEHEER SR(HHsdE55)9 =
AEER IC E759 sETEEet A2 gk F 3 A A (travel time delay)=

A 1 @9 = second per vehicle(sec/veh)o] ¥ il th3-3F o] yERTH

Dpi= Tpr— Tys (2. 13)
L

Tprr= S_DI (2. 14)
DI
L

Thisg = —— (2. 15)
SMS

Dp; @ &9 A 7H(15min)E ¢ E 39 3 7% 8 % 7 (sec/veh)

Tpr @ 5539 5753 A 7H(sec/veh)

Tys @ 539 %3 A ZH(sec/veh)

Lp; @ Ax717F 229 2559 72 0](450m)

Spr  BEFE F+9# %% (km/hr)

Sys ¢ EATe AW E WSS (km/hr)

Table 2.10).
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Table 2.10 Average delay depending on the directions and periods (sec/veh)

Directions Delay Periods Delay
Outbound 9.2 Daytime 11.2
Inbound 9.9 Nighttime 3.0
25
— 20
S
S
@ 15
z
=
E 10 o
=
=
=|: 5 /
o Z
O Qutbound ElInbound O Daytime B MNighttime

Fig. 2.22 Average delay depending on the directions and periods
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Table 2.11 Average peak delay depending on the directions (sec/veh)

Periods
Directions
24 H
Ours AM Change PM Change
average
& peak (%) peak (%)
delay
outbound 9.2 9.0 -2.2 10.0 3.7
inbound 9.9 12.1 22.2 9.1 -8.8
25
20
% 15
=
[
g 10
o
5
0
24 Hours AM FPM
average peak peak
delay
| O Qutbhound O Inkbound I

Fig. 2.23 Average peak delay depending on the directions
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Table 3.1 Delay predictive models depending on the directions constructed

Directions Models

Dy =6.454—0.010 V,4-0.108 0y, +0.036 0,,,4-0.021 V,

(0.0001)?  (0.0001) (0.0001) (0.023%) (0.0001)
Outbound
R? 0665 |F—sig.| 00001 |DW wvalue'| 2011
Dp;=5.099 4+ 0.4050,,+ 0.2490,,+ 0.019 V,
(0.0001) (0.0001) (0.0001) 0.0211)
Inbound
R? 0818 |F— sig.| 00001 | DW value 2067

Note: Y pw value = Durbin-Watson value, 2 t— sig.
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Table 3.2 Delay predictive models depending on the periods constructed

Periods Models

Dy, =T7.218—0.015V;,4-0.4440,,4-0.2540,,41.488D

(0.0001) (0.0014) (0.0001) (0.0001) 0.0123)
Daytime
R? 083 |F—sig.| 00001 | DW value 2055
Dy, =6.067+0.012V;;,—0.026 Vp,+0.4240,;,+0.331 Oy,
00001 (0.0001) (0.0001) 00001 (0.0001)
Nighttime
R? 07% |F—sig.| 00001 | DW value 2065

Table 3.3 Delay predictive models depending on both of directions constructed

Models

Dy, =6.251—0.010 V;,4-0.406 Oy;+0.275 05, 4-0.006 Vi,
Both of (0.0001)  (0.0001) (0.0001) (0.0001) (0.0001)

directions
R? 0823 |F—sig.| 00001 | DW value 2.046
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