sharataf R els| A AI37H A5E
J. Navig. Port Res. Vol. 37, No. 5 : 535-541, October 2013 (ISSN:1598-5725(Print)/ISSN:2093-8470(Online))
DOI : http://dx.doi.org/10.5394/KINPR.2013.37.5.535

Bty AAlE 1&EE 29 AR A48 dxo] AAEA
sk A

—
t Rl dustn AR TS Be ¢ B YUSIE BE- AT wA A, o B YU BE- BT} AAbA

Correlation Analysis Between Lane Occupancy and Density in Expressways
Connected with the Busan Port

* Tae-Gon Kim - In-Seok Heo" - Bae-Seong Park™

* Civil Engineering, Korea Maritime University, Busan 606-791, Republic. of Korea
#Cjvil and Environmental Engineering, Korea Maritime University, Busan 606-791, Republic. of Korea
#+Crvil and Environmental Engineering, Korea Maritime University, Busan 606-791, Republic. of Korea

2 % duoRr IEERE & WEFE 5 FF WA 5e4e VA &0 R o)FA77] A8 AU S
Aruscge FHuEERE FARS 7 FHoR s dNusrar Auougs 238 £EQIEEY] AFor wEEA)
FE B ol wEwAl f3hE fleid e wESdATe Fedel AVIHL ol Aotk fEste] & AP e AR asEet
ez 837 N EF7He gdes A2 AREy HEUEe AuRaAE S nE5E2 UEFARYES AA st sk

Abstract - Expressways are built to provide for high levels of satety and efliciency in the movement of large traflic volumes at high speeds.
However, Gyeongbu and Namhae expressways in the country which are ofien suflering fiom the transportation problems with increased
Import and exoprt cargo trucks including the container vehicles are the major expressways having the Busan Port as the origin and
destination regions, and are required to study the expressway trafiic characteristics for reducing the transportation problems. We therefore
attempted to suggest the expressway density predictive model through the correlation analysis between lane occupancy and mean density
at the S5-lane basic segments of the above major expressways in the country.
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Fobg e dAAlE a&ERe) A2 HAREd dx9] gyt #e AT
HBEAo 7zt Ay L FHAYPH Y ARG S 75 AT Table 1 Characteristics of basic expressway segments
stow, wpxjeto g n&ER o) A2 HAFE&S S 3 - ol Ex-10
THEE =T = A= EWE vlHAst A} stk No. of lanes 8 8
Width of lane(m) 35 35
1.3 28 o7 Speed limit(km/h) 100 100
] . Length of basic segment(km) 20 20
2 ATe #Aste] vso May(1990)= ‘2Hde] A& Percentage of medium vehicles(%) 276 29.7
< AEE galste] A8 ¢ Qo o] AA71E Afsh Percentage of large vehicles(%) 49 6.6
i Qe Az v E2A AAEE vg Fae wEEAdH
Foltf g Agsta Qa, Kim and Hall(2004)-2 ' 2}=F<] 22 X2 24
Bidels W ﬁ%%ﬂr HmApelel S AFAS Hels AT 1EER2 9 WFEYAEE IAESE HEsh
Ao R e, AYAA= Ao do|Hste] JaFe o Ao AbEEHS TH
= AoE Yegon, tEgEH v &o] AFEH-UE9
AgZ Al et %S vAE AoE Yeidt 'y A5
3t lor, 9] Lee and Chun(1999)2 ‘1T =29 7] 221 AFH
T sk &S] BIAAT 2 ehal T ol WEH(fow)ol & DA 2 Aol S(veh/W/) E
A W] BALANN As] wd ABIAN AHIH g qaym ge ANBAE S BAd Assg
3 AFE ez HAFEo] AEERY EAAREMA Fa3% (TRB. 1975)
WHp7E Ha, 53] H] A doA] AREd dEALeld=
=2 AgAAI Addrtes Ve A4Z2%E T & n n 1
2191t L AT W
dh —
i=1 i=14;
2 Xz 24
o] 7] 4]
q : flow rate for lhour(veh/h/1)
21 Az 4 n : no. of vehicles observed for unit time
B oATE 9o FRERIARPY F FRuguw (veh
(Ex-1)9} JalnsE2(Ex-1)9 832 7|27 40017 X t * unit time(1hour)
A(km point)ell el 2720139 69 209 ~79 3U7HA)E hi + headway time of individual vehicle i
oF 158 @99 vehicle detection system(VDS)AFRE 43 (sec)
ste] dHlolH o]l ~s FE3gr). B8], ARnEERel Y 4 © individual vehicle i(veh)
JuEERE F4 Jﬁo S AAS FEUETHY JToR F
M xpge] EAHEo] =& uEERRA (AE2EE FYX A4 ble 29} Fig. 2014 HE= wfe} o] A¥ 1
Folil 22 R AYAEFY FatRoln 3 42 FUY SR FaaE 2o s R AR & HF 58
2beFe] FaAEE A o] TR Table 13 Fig. 1). EA4E8 BYa, 53] A2 nFd 24 7} 132}
2220 A FA o] 7MY =A et e o Ak S
2R 42O A Tl ko] 7 v Al YERsT
Table 2 Flow analysis in Ex-1 and Ex-10(veh/h/1)
Ex-1 Ex-10
Lane L1 | L2 | L3 |14 Lane L1 |L2 | L3 |14
Max |1,409|1,201| 790 | 450 Max | 708 | 809 | 601 | 393
Min | 45 | 119 | 126 | 137 Min| 9 46 | 52 | 46
NB Avg | 752 | 743 | 533 | 340 |EB| Avg | 306 | 432 | 326 | 235
AMP|1,409(1,201| 790 | 450 AMP| - - - -
PMP| - - - - PMP| 708 | 809 | 601 | 393
Max (1,617|1,375] 967 | 628 Max | 669 | 810 | 575 | 364
Min | 63 | 140 | 159 | 151 Min | 13 | 57 | 56 | 47
SB Avg | 727 | 729 | 534 | 386 [WB Avg | 310 | 443 | 325 | 220
. AMP| - - - - AMP| 669 | 810 | 575 | 364
Fig. 1 Expressways under the study PMP 6171375 967 | 628 VP — — —
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Flow Distribution in Ex-1
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Flow Distribution in Ex-10
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Fig. 2 Flow distribution in Ex-1 and Ex-10

222 &&=
%52 (speed) & T4

1990; Garber and Hoel, 1988).

3.6 xd 3.6xd

R P @
w2ty
7] A,
u, : space mean speed(km/h)
. distance of a particular interval(m)
1t : average travel time(sec)
u; . spot speed for each vehicle i(km/h)
n : number of vehicles observed(veh)

A2 o7 Table 39 Fig. 3014 Hi nle} o] AR
SRyl delugERnn el S&5RA tha ¥
VeSS, 58] A2 SRois AR ag R e daf i

2 RF 1R &5 Mg A JEbg T giE A

1703 AbgFe] FaAA 2 (km/Mh) 2 Y
AH@ek 22 ARAAE Sl 4ol AHEsHH(May,

© B Xk
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Table 3 Speed analysis in Ex-1 and Ex-10(km/h)

Ex-1 Ex-10
Lane | L1 | L2 |13 |14 | Lane |L1 | L2 | L3 |14
Max | 124 [ 107 | 95 | &4 Max | 131 | 114 | 106 | 93
Min | 110 | 98 | 87 | 75 Min | 123 | 108 | 90 | 79
NB Avg | 115|102 | 95 | 80 |EB|Avg | 126|111 | 100 | 86
AMP| 110 | 100 | 94 AMP| - - - -
PMP| - - - - PMP| 124 | 111 | 104 | 90
Max | 125 [ 106 | 94 | &4 Max | 127 | 112 | 103 | 88
Min | 108 | 97 | 8 | 73 Min | 117 | 105 | 90 | 77
SB Avg | 116 | 102 | 91 | 79 [WB Avg | 120 | 108 | 98 | &4
86

AMP| - - - - AMP| 118 | 107 | 100
PMP| 108 | 99 | 92 | &3

PMP| - | - | -

Speed Distribution in Ex-1

L1{NE) Lz{NE) 13(nB) L4[NB)
----- 11[58) 12(3B) 13(3B) L4(z8)
140
120 YT —_— e
EE 100 o - 2
= B0
'E. 60
i 40
20
1]

123 4567 85 101112131415161718192021222324
Time of Day(hour)

Speed Distribution in Ex-10
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Fig. 3. Speed distribution in Ex-1 and Ex-10

224 A&

Af-&(occupancy) ol & TG ZFke] HAFAIZH]E
(%) 2 thg AQ)H e AxAA S T3l Ao AL34
tHMay, 1990).

O=—7— 3)
o] 7] A,
0 : occupancy (%)
(t,), : time of detector occupied by i—th
vehicle(sec)
t : unit time(lhour)
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Table 4 Occupancy analysis in Ex-1 and Ex-10(%)

Ex-1 Ex-10
Lane | L1 | L2 | L3 |14 | Lane | L1 | L2 | L3 |14
Max | 84 | 76 | 6.1 | 5.1 Max | 4.8 | 57 | 55| 59
Min| 10|12 |19 26 Min| 0.7] 10| 15| 2.0
NB Avg | 40 | 44 | 45 | 42 |[EB|Avg| 23| 32| 35| 40
AMP| 84| 76 | 6.1 | 48 AMP| - - - -
PMP| - - - - PMP| 47 | 56 | 53 | 5.3
Max | 86 | 81 | 7.1 | 6.1 Max | 45| 59 | 56 | 55
Min| 10| 14|21 |26 Min| 07 ] 10| 16 | 25
SBAvg |38 | 42|45 | 44 WBAvg| 24|34 | 35|40
AMP| - - - - AMP| 40 | 59 | 56 | 55
PMP| 86 | 81| 71 | 6.1 PMP| - - - -

Occupancy Distribution in Ex-1
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Fig. 4 Occupancy distribution in Ex-1 and Ex-10
224 2= B

U E (density) & @9 73F W T3 sk Ao (veh/km)
2 O A8 22 AXtgAS SEl A A8kt
(TRB, 1975).

3,600 X n
Uy X Z(At),

i=1

k= (4)

o714,

Freat diee] g w3 A

At : time interval(sec)
h : headway time of vehicle(sec)
u, : space mean speed(km/h)

. density (veh/km)

A¥}H o2 Table 59 Fig. 5olA] B wlo} o] A{ 3
STt gajag e v&) dert =4 JEsia, 59
AR AEERS} g R ME 42 1Al 2212 9]
D7t 71 =A detgom g FAEl 43129
D 7 9 YEsth

Table 5 Density analysis in Ex-1 and Ex-10(veh/km)

Ex-1 Ex-10
Lane | L1 | L2 | L3 |14 | Lane | L1 |L2 | L3 | L4
Max |128(120| 84 | 55 Max | 57 | 73 | 58 | 4.3
Min| 06| 11|14 |18 Min| 0.11]04 |05 0.6
NB Avg | 66 | 7.3 | 5.8 | 42 |EB|Avg| 24 | 39 | 32 | 2.7
AMP|12.8|120| 84 | 51 AMP| - -
PMP| - - - - PMP| 57| 73|58 |43
Max | 15.0 | 14.0|105| 7.6 Max | 57 | 76 | 5.8 | 4.2
Min| 05|14 | 1.8 | 20 Min | 0.1 ] 05| 06 | 0.6
SBAvg| 64| 72|58 |48 WBAvg| 26|41 | 33|26
AMP| - - - - AMP| 57 | 76 | 58 | 4.2
PMP|15.0{14.0[105| 7.6 PMP| - - - -
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Fig. 5 Density distribution in Ex-1 and Ex-10
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RYPFZAA SHATE A2 AFE&d FEUFE
TEEE AHE3te] HES 3489 117 SARFGE SOl
A 2 A2 By AAATE FHE BYs AAge 2
I g AG)~6)Z Fo] FEARME RaRF I} U
A FYARO A= APEYo] AHRFoZ AAE 5 U
=3
LOG : K=f,+8,%1n(0) 5)
LIN : K=3,+8, X0, (6)
71 A,
K . density(veh/km)
0. . occupancy(%) (i=1, 2, 3, 4)
B . regression coefficients(j=0, 1)
A3 07 Table 63 Table 7914 Hi= nfe} o] 7H
a&E2oge] Wk AGAS(RY)E ZH7ZE 0.433~0.9347

0.556~0917= YERG I Halai&ERoA s W AAA
F(R)7Y ZH2F 0.468~0.918% 0.450~0.9392 ey} 53],
Table 2¢} Fig. 6014 B nlel o] xR E 217
o AAAF(RY)7F 22 09233 09252 =4 Ve, 23
2eoMe AR AAASR(RY)7E 217 0.9549F 0.9662
2 7P =A JEhden, UmA FuEaE FARE 3,
A2 e Agrge AAAF(R))7F 2442 0.832, 0.4972)
0.926, 0.458% StA velgozy 22129 HFE&S o &g

APRFe] B 49 FAY 5 itk
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Table 6 Directional density models in Ex-1

Direction Model
1 LOG K=1.988+4.43xIn(0;)
R 0.934 [ F-sig. | 0.000
, | _LIN K=0.145+1.548 X O,
Bx-1 |k R 0.959 [ F-sig. | 0.000
(NB) L3 LIN K=—1.361+1.85X O,
R 0.824 [ F-sig. | 0.000
L4 LN K=—0.237T+L.743% 0,
R 0433 | F-sig. [ 0.000
1 |LOG K=2.059+4616<1n(0;)
R’ 0917 | TF-sig. [ 0.000
o | LN K=0563+1.529% O,
Ex—1 R 0.958 | F-sig. | 0.000
(SB) | 14 [ LN K=—1.135+ 1.822 X O,
) R 0.840 | F-sig. [ 0.000
L4 LN K=—0.467+ 1.726 X O,
R 0.556 | F-sig. | 0.000

Table 7 Directional density models in Ex-10

Direction Model
L1 LOG K=1.994324xIn(0,)
R 0.918 [ F-sig. [ 0.000
s LN K=—0.374+1.285 < O,
Ex—10 R? 0.964 | F-sig. [ 0.000
(EB) | 5 | LN K=—1.459+ L4TT X O,
R’ 0918 | F-sig. | 0.000
L4 LN K=—0.548+ 1.055 % O,
R 0.468 [ TF-sig. | 0.000
L LOG K=1.699+3.321XIn(0,)
R 0.939 [ F-sig. | 0.000
Lo LN K=—0.392+1.256 < O,
Ex—10 R’ 0.970 | F-sig. [ 0.000
(WB) | |4 | LIN K=—1591+ 1524 X O,
R’ 0.934 | F-sig. | 0.000
L4 LN K=—0.719+1127x O,
R 0.450 | F-sig. [ 0.000

Table 8 Density models in Ex-1 and Ex-10

Direction Model
LOG K=2.026+4.516<In(0,)
L1 R? 0.923 | F-sig. | 0.000
Lo LN K=0.368+ 1534 x O,
Bx1 R? 0.954 | F-sig. | 0.000
LIN K= 1241 1.831 X O,
L3 R 0.832 | F-sig. | 0.000
L4 LN K=—032+1.727x 0,
R’ 0.497 | TF-sig. [ 0.000
L1 LOG K=1.855+3.265 <1n(0,)
R? 0.925 | F-sig. | 0.000
o LN K=—0.373+ 1.269 < O,
Ex—10 R? 0.966 | F-sig. | 0.000
TIN K=—1523 1 1.500 X O,
L3 R 0.926 | TF-sig. | 0.000
L4 LN K=—0.620+1.088 % O,
R 0.458 | F-sig. | 0.000




Relationship between K and Oz in Ex-1
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A uEHrze =l

& AR FHese] B AT
sp= 11)
o714,
t . t statistic of matched pairs samples
sp standard deviation of difference in
K,, and K, (veh/km)
D : mean of difference in k,, and &,
(veh/km)
D, . difference in k., and K., (veh/km)

A}AH 0 & Table 99 Table 10914 H+= nlo} 2ol A
aEERAME FRAFE7E 42t 0.683~0938% 0.773~
090002 vehtd, Gl n&ERel A FUASFWI} 22t
0650 ~09835} 0.706~0985..% Lehgkon] 27232 e
#Agle]l FEFge] EIEE ZAoR YRt
Table 113} Fig. 7914 Hi= ule} o] AR u&T =20}
A&EER O ], 2, 3ARA FBAT(r)= 090174013
NE A FHAFEQ 422 M = 22 0.6837 0.737= S

o‘l"

53,

Fig. 6 Density models in Ex-1 and Ex-10 Ueban, 95% A@aeEe] k= 50 85 (P-value) S Wl
&= 2 0] 2220 06552 FHFF ] FFHJL PR
s A&EZ2 0] 222 A= 0557 HEo] TR Ty
& H=
32 2 45 291 3, 4x 2 M = ZhZ 0.228, 0.058% Frehed Hof L3y
2angs A¥Rge fRYS dFAs] fa BFE oM ngmzd WAl 242 YHEL o848 UE
WEERARE FoAA BPTFH AMEHA Fe WA alE FARY] AFgo] Emrhe AHAE A F AT
EQARE FHCE AFS AAEd e, RE8HAFS 93l
ASUR(K, ) AALDE(K, Aol o A7) ~11)7} Table 9 Directional t-Test results in Ex-1
Z¥o] Al}z 2 o OE% H/H_% A A sk g
@ol Al BoWs t=Test 2T Expressway Cg:frfrigilgg&% t—value |p—value| Result
L1 0.972 2.939 0.003 Reject
WS¢ ()1 8] 00 50,0 Ex-1[T12 0.988 —1.451 | 0.147 | Accept
- B = ) (NB) | L3 0.916 1511 | 0.000 | Reject
\/‘n;[(k;m),l 7[’251&;@,)1% \/"ZJ (Fop)il? LZ%DW L4 0.683 1.393 | 0.164 | Accept
L1 0.969 0.596 0.552 Accept
Ex-11] L2 0.990 1.393 0.165 | Accept
o714, (SB) | L3 0.939 0.503 | 0.615 | Accept
r . correlation coefficients L4 0.773 2.579 0.010 | Reject
(K,);, :i—th density calculated(veh/km)
(K,,);, :i—th density expected(veh/km) Table 10 Directional t-Test results in Ex-10
n * number of paired samples Expressway ngfrfrigilgg&?) t—value |p—value| Result
L1 0.964 —11.574 | 0.000 Reject
EE??}, Ex-10] L2 0.983 0.376 0.707 Accept
D (EB) L3 0.952 —1.547 | 0.122 Accept
b=— ®) L4 0.650 0.233 | 0.815 | Accept
D L1 0.963 3.970 0.000 Reject
Vi Ex—10[ 12 0.985 0.085 | 0.932 | Accept
R wp) | L3 0.973 —0.298 | 0.766 | Accept
D=73.D, @ L4 0.706 | —1.801 | 0.072 | Accept
Dz = (](ml) (](exp) (10)
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Table 11 t-Test results in Ex-1 and Ex-10

Expressway

Correlation
coefficient(r)

t—value

p—value

Result

Ex—1

L1

0.971

7.146

0.000

Reject

L2

0.987

0.588

0.557

Accept

L3

0.930

1.206

0.228

Accept

L4

0.737

1.900

0.058

Accept

Ex—10

L1

0.964

—2.071

0.039

Reject

L2

0.982

0.447

0.655

Accept

L3

0.963

—2.524

0.012

Reject

L4

0.683

—3.075

0.002

Reject

Model Verification in Ex-1
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Model Verification in Ex-10
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Fig. 7 Model verification in Ex-1 and Ex-10

ki
b
f
ft
Lo
2
ft
i:3

Fre T 2RE AR
g $ 95%¢] AAFEAA &

Hebd B ATN 75 4FY Zyasszsh den
£ERo) UEFARYL FAG WEEYL M nEE
29 WEAZE 9% AEE 8T U Ao Y2
L BF G WEEHE ned nEEzd e F744
QAT A% Sk & AOE AU

i
y
A
o

[1] Garber, N. J. and Hoel, L. A.(1988), Traffic & Highway
Engineering, West Publishing Company, St. Paul, MN.

[2] Kim, Y. H. and Hall F. L.(2004), Relationships
Between Occupancy and Density Reflecting Average
Vehicle Lengths, Journal of the Transportation
Research Board, TRB, Vol. 1883, pp. 85-93.

[3] Lee, E. E and Chun, H. Y.(1999), A relationship
between density and occupancy on freeway, Journal of
the Research Institute of Industrial Technology,
Myongi University, Vol. 18, pp. 35-40(in Korean).

[4] Lapin, L. L.(1983), Probability and Statistics for
Modern Engineering, PWS Publishers, Belmont,
California.

[5] May, A. D.(1990), Traffic Flow Fundamentals,
Prentice-Hall, Englewood Cliffs, New Jersey.

[6] TRB(1975), Traffic Flow Theory, Special Report 165,
Transportation Research Board, Washington, D.C.

Yy 201349 84 149
AR 20139 1049 13Y
A= - 20139 109 149

- 541 -





