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Density Predictive Model within the On-Ramp Merge Influence Areas
of Urban Freeway
— Based on the Beonyoungro in the Metropolitan City of Busan —

Kim, Tae Gon - Pyo, Jong Jin - Kwon, Mi Hyun - Jo, In Kook
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a

Abstract

Density is used as the measure of effectiveness within the ramp junction influence area suggested in the KHCM 2005 in the
LOS analysis of the ramp junction, and also density predictive models suggested in the KHCM 2005 is 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 2005 are needed to verify if the models could be applied to the urban freeway with the speed limit of 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 construct
and verify the appropriate density predictive model within the on-ramp merge influence area of the urban freeway by com-
paring with the USHCM 2000 and KHCM 2005 models.

Keywords : urban freeway, measure of effectiveness, on-ramp, merge influence area, density predictive model
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Table 1. Geometric characteristics of the study section

On-ramp A B C D
Location Munhyeon | Daeyeon | Mangmi | Wondong
130 230 120 235
Length(m) (70+60) | (170+60) | (80+40) | (170+65)
Direction Bea =4
Type of acceleration s
P lane B
No. of mainline laneg 2
No. of ramp lanes 1
Width of mainline 37
lang(m) '
Width of ramp o
lane(m) 3.7-5.0
1 ].]%1 47]]4 [} o1o:]7ﬂ§(1:/\1;q o 52y (A)J,]_ q]o:]

B), -‘?—mj A9e 7))o AE D)Vt AAgHR e A7
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714, v o 158 TD9AREe] w58 (veh/15min)
fay @ = 2 B
Pm : ZHXFE(6M~12m)e] HIE-(%)
p : &2 (12m oPhe] B1E-(%)
en: T3xFe] 58 A (1.5)
e : @Ak 5831 FaA5=(2.0)
q: RRF SRR 2E7-E-(pe/h)
q : 158 TRAZEe] wEF-8-(pc/15min)

39 o] At YA R nEFEY
EENATE AvEY, SAXGY S FUAEE A(
FaplNE LASTARIRD LFE AR wEao]
AFHATL, FEAA Gl 253 FUAZE DEF) M=
SETETARINEL QASTARI | aEwo] FFH A
gy B4 REARGA1Y] fYdddR BEid)et C
(Belre it 3] JFEEs HolA = e
2 Jehdt) 23, SEARME A58k 24a Ry
Aol ZHT FAFER A= wFde] FHsH wistet
© ZO0F YEPHANE, E4l3 B4R to]o] Foldd®
X wEEe] Mt A9 gle AR Yehith

E3], o] A7 fA9AE &N FRATE FHE w
ko 4202 700~1,100pc/h M ol EXE= Ao=w
WAL, Ha wEseet Ho ase-S ZH2t 100~ 200pch
9} 1,200~2,000pch AEZ FE13 2jolE Bt F=3t, &
EZARI] w5 e FU9ER AdAE 1,200~1,600pc/h,
FYPdA=E BolAE 1,600~1,800pch, FAAZE ColME
1,800~2,000pc/h, UG AE DoAE 1,200~1,400pc/hs X

=

Table 2. Results of flow characteristic analysis

on- Flow rate(pc/h)
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
(o 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
1800 | g et 1800 H{—e= eyt
1600 |~ 0ay2
10 [ =28
1234567889 10:"5211:151617!3!92321222324 123456780 |01%"|B2(£'|)4|515|7WB|93)2|22324
Munhyeon (A) Daeyeon (B)
2000 2000
180 (g 1800 :m
1600 ||~ Day2)| 1800 -0y
1400 | L2=0aRl 140
i i
1234567889 10::::2:'5‘6‘”8'9232‘2824 123456789 1011Ym415161718192)21222324
Mangmi (C) Wondong (D)
Fig. 2. Flow distribution
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Table 3. Results of speed characteristic analysis

on- Speed(knvh)
ramp Min. Max. Avg. Peak period
A 25~35 65~75 45~55 65~75
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
Munhyeon (A) Daeyeon (B)
I m\v :
Mangmi (C) Wondong (D)

Fig. 3. Speed distribution
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Table 4. Density on the on-ramps under the study

on- Density(pc/km)
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
\234557B9|0H\2!3;4!516‘7\8!92)2!22&24 o1234567s9101¥£$';A|51e17|515202|22524
Munhyeon (A) Daeyeon (B)
1
Mangmi (C) Wondong (D)

Fig. 4. Density distribution
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Dependent variable ;

Dip : Mean density in the merge influence area
(pc/km/lane)
Independent variables ;
Ve Ramp flow (pc/h)
Vi Flow of lane 1 and 2 from adjacent lane (pc/h)
L A: Length of acceleration lane (m)

Fig. 7. Sketch of on-ramp junctions and definition of the
variables
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Table 5. Density predictive model constructed

Density predictive model
Dyr = 1.02644 +0.009646V/, + 0.005899V, ,—0.010058L 5
(0.000) (0.000) (0.000) (0.000)
23 0.986
(Prob>F) 0.000

Note: (P>[T]) = (P-value)

T3, FEHFE DR G PIXE YR Tow
o] JoiME FEE wET(VR) W FEAEERY 24
A 27K Q] WETF (Vi) HFHT S|AASG 3ol o A
Ueht Vg W] ko] o 2 Zew Yehded ole
KHCME &3} USHCMEollA wa=e] ggko] WyHt =
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7KEREE ] o7t T dnEH I ARG Havlee] vdst

£ T2 Uehdor], 2827 FEE BESA.
2 Qlal] A22S Fa fUsh Ado] B Say

o] B Qe F7) YRos AREATEE Table 6).

Table 6. Regression coefficients by the models

) o Independent variables
Regression coefficients
VR Vip La
0.003185 | 0.005989 0.00101
KHCM

(2nd) (1st) (3rd)
0.00456 0.0048 0.01278

Model | USHCM (3rd) (2nd) (1s)
) 0.009646 | 0.005899 | 0.010058

Thisstudy |~ o) (3rd) (1s)

Note : ()= 229 3|AAIF 79=

42 REAS

o] AT EAIEERS] FUMEE HERO] wE
R %*12& TEE AT
ol RS AR o Anst 75E BYosy
B FHE AEE wEom 75E B¥o] Al
sk AES A HEieA ddsh] st t-
teste 7} AR 0] o]8HUT o9k 94 KHCM

Yo gHy FH9E Ul ¥=Ue 123l USHCMAE
FouHE FAHE WLl AZULE HlEoF t-testi-A]
I} FBRIARNS F3lo] 71ERE] H8A RE HE

o] AT FUAZ=Z da #=Y
density)?} F4U= (expected density) Al0]e] &

% (observed
I ttest

Table 7. t-test results of the observed and expected densities

Dyr(0):Dyr(E) t-value p-value Result
KHCM 17.65133 0.000 Reject

Model USHCM 12.62977 0.000 Reject
Thisstudy | -0.75129 0.453 Accept

Note : 1) t-ZAREAZE(t-valuet &5k (pvaluere o5

ZF(12=0.025)°14 = A4 A7 3.

2) Accept : FolE-E (p-value) > 5 (a/2=0.025)
old, AF o] el (accept)HE A-S sl A
oz é_ F/Jznl\:gjr oﬂznhz 7}oﬂ j}o]7]' 14_
A Fethy € AS ovEh

3) Rgect : F3E(p-valug) > o< (/2=0.025)°]
H, AF7Ho] A (accept)Ee AL ulshe Ao
25, WZ“‘EQ} ASEE Tl "rxlol7F LA
¥ethl = 2ts origh

- 292 -

FSHSET, Teble 704 He upel o] o] Atellre]

E&o] 95%2] A2 (confidence level)slollA] %Q]ﬂé(p
value)ol ol (dgnificance level)Rth FA4] Yeh} #=

Dol FAUEAL]Y] zlo)7F UA] 535 & 9101014
, KHCME &3} USHCMEH ] HIFoAM= FogtE0]
0.0000.2 o) (a/2=0.025)2 0} 2| Ueh} A4
29| Hgof H3hslA ghrhar A=At

2) By A 24

FTHAZE=Z gz ASU=
density)$} —eré%‘_l::_(expected density)Ato]o] AN
A} Fig. gllAe} Be o] A (rzke] o] A+ =
oA 0.994Z vil-f- =& g dHES HO]% 3o
2 vepdth 53k KHCMEEY USHCMEEAME A

& JlFow A9 chiEor PES 2
o cAH s AAuc v g
nle] 2 ggRge] AN RBS EAnSERY A
gahen] FAPSIRE AN BT 5 UTHEE Fig.
9~10).

30

20 -

Expected density(pc/km/lane)

0 1 1
0 10 20 30

Observed density(pc/km/lane)
Fig. 8. Density validation by this model
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Fig. 9. Density validation by KHCM model
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Fig. 10. Density validation by USHCM model
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Table 8. Statistics of observed and expected densities by the

models

. This KHCM USHCM

Statistics | Observed Modd Modd Mode

RMSE - 0.981 3.205 2.861

Sample 11.166 11.497 8.832 9.495
mean ) (+3.0%) (-21.0%) (-15.0%)

Sample 6.480 6.593 4.990 4.556
sSD ) (+1.7%) (-23.0%) (-29.7%)
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