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Speed Correlation Modeling within the On—Ramp Junction

Influence Area of Urban Freeway

Ju Cheol Lee

Department of Civil and Envirormental Engimeering,
Maritime Industrial Graduate Scool,

HAorea Maritime Urniversity, Busan Korea

Abstract

Generally urban freeway plays a key role in the urban transportation
system. However, most of the urban freeways have a congestion problem
on the ramp junctions. Particularly, traffic congestion used to occur within
the on—-ramp junction influence areas of the urban freeway during the rush
hours in Korea.

The purpose of this study 1s to collect and investigate the traffic
characteristics of each lane at the upstream and downstream locations
within the on-ramp junction influence area of the urban freeway, compare
and analyze the traffic characteristics of each lane within the on-ramp
junction influence area, and finally develop and verify the speed correlation
models within the on-ramp junction influence area of the urban freeway.

From the traffic characteristic analyses and the speed correlation models
within the on-ramp junction influence area of the urban freeway, the

following conclusions were drawn:
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i)

ii)

iii )

v)

v)

Traffic characteristic analyses were shown to have a distinct
difference in the lane-based characteristic distributions within the
on—-ramp junction influence areas. The lane-based capacities within
the on-ramp junction influence areas were also found to decrease by
about 5 to 30% when compared with those on the mainline locations.
Density was shown to be a little low impact on the speed within the
on—-ramp junction influence areas close to the urban or suburban
areas, but a little high impact on the speed within the on-ramp
junction influence areas of the urban freeway between the urban and
suburban areas.

Speeds on the 1st lane at the downstream location and the 2nd lane
at the upstream location were especially found to have a high
correlation characteristics with that on the 2nd lane at the
downstream location within the on-ramp junction influence areas of
the urban freeway.

Speed correlation models were especially to have a high explanatory

power with the coefficient of determination(R?) of about 0.7191 to
09738, and also were to be very valid with a high correlation
coefficients(r) of about 0.602 to 0.945 within the on-ramp junction
influence areas of the urban freeway.

Traffic characteristics of the 2nd lane at the downstream location
were found to be an important impact on those of the rest locations
within the on-ramp junction influence areas, and the urban freeway
traffic management system such as the ramp metering system or the

variable message signs to be needed during the rush hours.
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Table 1.1 Average speeds in vicinity of freeway-ramp terminals
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Table 1.2 Geometric characteristics of the study section

Geometric characteristics Dimension
No. of lanes on the mainline section 2 lanes
No. of lanes on the ramp section 1 lane
Lane width of mainline section 3/
Lane width of acceleration sections 3/
Lane width of ramp section 43~45m

o AFE Sl EARSER EAAGI FEAAGeIA 42 244 47)
o FPAAR(EAAG L FAANG GA®B), FEAAGe PO AF
D)7 AARYS, A4E FAAddRe] FRIFAN 54 ARERAL 1, 2

Az, FAA 1 22z 2z HAV(NC-99)E dAste] v 158 @49
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weba] o] AT FUAdARY] FRAIAFAN AT HFE] SATAEAREZT
Bl B A (LA 7:00A] ~ &% 7:00AD)0] AFAAY FFAH a2gu A=

A AZE EHREA Aol

Table 2.1 Results of flow characteristic analysis

Flow rate(vph)
On-ramp Upstream Dow nstream

Lanel Lane2 Lanel Lane2 feamp

Min. 124 84 168 184 144

A Max. 1,348 1,028 1,404 1,296 1,060
Avg. 793 429 937 840 713

Min. 152 128 180 180 84

B Max. 1,648 1,184 1,904 1,416 1,100
Avg. 1,051 738 1,202 958 727

Min. 124 132 128 176 68

C Max. 1,812 1,200 1,936 1,732 1,164
Avg. 1,102 686 1,212 1,009 512

Min. 72 68 92 124 80

D Max. 1,452 784 1,656 1,172 1,368
Avg. 787 387 1,006 716 612
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Table 2.2 Results of speed characteristic analysis

Speed(kph)
On-ramp Upstream Dow nstream
Lanel Lane2 Lanel Lane2 framp

Min. 32.9 33.5 274 26.7 34.6

A Max. 81.7 70.2 81.1 66.3 61.3

Avg. 63.4 57.8 60.3 51.7 47.9

Min. 23.3 23.3 23.9 21.7 33.9

B Max. 100.5 85.9 90.4 76.6 56.3

Avg. 64.5 ol.1 54.3 47.0 44.7

Min. 241 28.4 30.4 26.8 31.2

C Max. 86.3 81.4 38.8 81.1 56.2

Avg. 69.4 64.1 69.6 58.8 46.6

Min. 54.8 31.8 26.1 29.9 33.5

D Max. 108.1 75.5 38.5 69.5 50.2

Avg. 84.1 63.7 76.0 61.3 45.2
Atk o) Aoy FADBE) FRAFUWNA 2 AR A2 Pt
Lo gAA SR 47.0~84.1km/h ARol&Z YE YL, HA HdH TS E= 22
21.7~54.8km/h ¢} A= E
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66.3~108.1km/h AFo]2 LpERo 2x 7 A A o
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Table 2.3 Results of density characteristic analysis

Density(vpk)
On-ramp Upstream Dow nstream
Lanel Lane2 Lanel Lane2 framp
Min. 1.6 1.3 2.1 2.8 2.6
A Max. 33.3 239 38.5 40.6 254
Avg. 14.0 8.3 17.6 18.1 15.5
Min. 1.7 1.7 2.2 24 1.7
B Max. 46.7 45.4 52.5 48.5 30.9
Avg. 20.8 20.1 28.0 26.4 17.2
Min. 1.4 1.6 1.4 2.2 1.2
Cc Max. 49.6 38.6 55.3 53.2 33.6
Avg. 175 12.8 19.8 20.3 11.8
Min. 0.7 1.0 1.1 1.8 1.7
D Max. 20.2 24.6 43.2 29.7 32.5
Avg. 10.0 6.5 1422 12.4 13.9

AL, o AFUY FUDAZ FHIFHW 2 AHe) AW PFAEE

°F 65~28.0veh/kmAle]l 2 YEYA, HA HAAH T U == HEFF 0.7~24veh/km

o} 20.2~55.3veh/kmAte]l & YElF oz ZF o = d A WEAe]lE
g0 & AATF(FE Table 2.3% Fig. 2.3(A)~(B)). webA o] A5
AAddze 2= SAEMAHEEH 2 AU 7004 ~ 5 7:004])el
ARAAY stRAA T dAERAAe] AR ST oAl 4
] vt
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Table 4.1 Correlation analysis betw een speeds under the influence area

Onramp Uppa(A) Upra(B) Uppa(O Uppa(D)
r FRank r FRank r Rank r Rank
Upni 0921 2 0.965 1 0.892 2 0.789 2
Uy 0.905 3 0938 2 0.866 3 0.740 3
Upis 0.963 1 0.930 3 0940 1 0.956 1
Ups 0.807 4 0.817 4 0.808 4 0.650 4
Note : 7 is correlation coefficient
0O ve O ven
T mga\lll s, | =

Independent variable ;

Upr, + Speed(km/h) at the downstream lane 2

Dependent variables ;

Upp + Speed(km/h) at the downstream lane 1
Uy @ Speed(km/h) at the upstream lane 1

Uy, + Speed(km/h) at the upstream lane 2

Upr + Speed(km/h) at the ramp lane

Fig. 4.1 Location of detectors and definition of the variables



AR 2AREE(Uy) 7t FFAD IAREE (U, FFAR RS E (U)o

‘IET
Flsglen, 59 A4 22 =

dojdo = JFHL VAL Aoz Y
EE(Upp)7t BFAR IAZEE(U)el M 2 9BES MAE Aow 3

A a2 Rl shFAA 1A= AFRAH 1220 g

=
WEHYAANY BT Aow AYZEATH(FZE Table 429 Fig. 4.2~45).

Table 4.2 Results of correlation models

Orranp Models R? prob > F
Uy = 13.888+0.956 X Uy 0.8018 0.000
Uype = 23.553+0.6649 X Uy 0.7775 0.000
A Uy = 5.2068 +1.2562 X U, 0.8044 0.000
Up, =22.775+0.483 X Uy 0.689 0.000
Uypy =—4.2985+1.409 X Up,po 0.9626 0.000
Uy = 3.7497+1.0669 X Uy, 1y 0.9231 0.000
B Uppy =—2.8845+1.2094 X Uy 09733 0.000
Uy, = 31.835+0.2928 X U, 0.6>46 0.000
Uy =13.41+0.9128 X Uy 0.7571 0.000
Uy =23.975+0.715 X Upy 0.694 0.000
¢ Uppy =—2.9842+1.2221 X Uy 0.8339 0.000
Uy, =24.77440.3603 X Uy, 0.6673 0.000
Uy = 11171+ 11836 X Uy 0.7191 0.000
Uype =29.097+0.5828 X Uy 0.6474 0.000
b Uy, = 11.788+1.3974 X U, 0.9308 0.000
Up, =28.637+0.2745 X Uy, 0.5021 0.000

Note : (P> | T|)= (P—value)
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Fig. 4.3(A) Speed correlation models at on-ramp B
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Fig. 44(A) Speed correlation models at on-ramp C
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Table 4.3 t-test results of the observed and expected speeds

On-ramp r t-value p-value Result
Upn 0.942 -0.104 0.917 Accept
Uprs 0.924 -1.454 0.149 Accept
4 Upni 0.977 0.333 0.740 Accept
Upt 0.788 0.182 0.856 Accept
Uy 0.945 1.331 0.186 Accept
Uurs 0.911 1.551 0.124 Accept
b Upn 0.860 -0.413 0.681 Accept
Urt 0.834 -1.468 0.145 Accept
Ui 0.915 -1.135 0.259 Accept
Upa 0.899 4,432 0.000 Reject
¢ Upp 0.939 -0.623 0.535 Accept
Urt 0.822 4.348 0.000 Reject
Upn 0.671 0.149 0.882 Accept
Uprs 0.602 0.345 0.731 Accept
b Upni 0.940 1.955 0.053 Accept
Upt 0.523 0.137 0.891 Accept
Note: 1) t-# A% A #F(t—value)s # 9 2&g(p—vaue)e F4F(a/2) 0025
A t—test ¥ AR A gl
2) Accept : 3 E(p—value) > FIFFE(a/2=0.025)01, 7T
A e (accept) ¥ = A onjstE Aoz & THSFEEYG 555 Fh &
Zatol7 vA gevh, & A4S vk
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Fig. 4.6(A) Model validation at on-ramp A
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Fig. 4.6(B) Model validation at on-ramp A
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Fig. 4.7(A) Model validation at on-ramp B
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