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Abstract

Urban freeway has played a key role in the transportation system in a big
city. However, it has experienced a transportation problem due to the increased
traffic exceeding the capacity since 1980's. Additionally the transportation
systems management(TSM) and intelligent transportation systems(ITS) have
been introduced for solving the transportation problem with the transportation
facility construction and extension limited since 1990's. Despite all these efforts,
urban freeway 1is experiencing the social and economic losses from a severe
traffic congestion. Thus, urban freeway traffic management system(UFTMS)
should be systematically devised for promoting the efficiency of urban freeway.

First of all, it is important to perceive and demarcate the characteristics on the
operational conditions of urban freeway for constructing the UFTMS. There are
the levels of service(LOS) to describe the operational conditions within traffic
flow, based on the service measures such as freedom to maneuver, traffic
interruptions, and comfort. However, LOS F has not kept up with the changes in

the travel patterns for the past 20 years. It did not distinguish the increased



levels of congestion nor did it help to prioritize the facility improvement,
mitigation or transportation solutions for the increased congestion magnitude.
Thus, it is necessary to additionally add the levels of service(LOS) within the
LOS system.

The purpose of this study is to expand the levels of system under LOS F and
advance the reporting system by distinguishing between varying degrees of
failure on uninterrupted transportation facilities, especially on merge areas of
urban freeway. First, the traffic characteristics were identified on merge points
of the 1st urban freeway in Busan, based on the principles of traffic flow
theories and the existing literatures. Second, trafficability efficiency(®) during a
traffic congestion was introduced as the measure of effectiveness(MOE) of the
LOS system for quantifying a congestion with the concept of efficiency. Also,
LOS F through J was separately conferred on the domain corresponding to each
trafficability efficiency domain under the congestion condition. Third, the 15-min
period-based multi—period reporting system was introduced to simultaneously
report the worseness and duration of congestion. Finally, the congestion
index(CI) and level(CL) were suggested to replace the lengthy alphanumerics by

a simple integrated grade for the flexible periods.

From the LOS system expansion and the newly reporting system on the

merge points of urban freeway, the following conclusions were drawn:

1) Congestion were not classified definitely into the density of influence areas,
exclusive flow rates or average travel speed on the merge points of urban
freeway.

i1) Trafficability efficiency(®), introduced with the concept of efficiency on
roadway facilities under congestion, showed the better MOE’s on ramp junctions
of urban freeway because the boundaries of each level were divided clearly into
quantification of congestion.

fii) Based on the relationship of flow rate and speed, it was suitable for
expanding the LOS system under congestion to divide capacity and its critical

speed into the five domains, respectively and to assign each domain of



trafficability efficiency to LOS F through J.

iv) The information of the duration as well as the worseness of congestion
should be included as the level of service for congestion was reported, especially
for grasping the real traffic flow characteristics every 15-min unit.

v ) Integrated level of service(LOS) system, which was constructed with
congestion index((CI) weighted for expanded level of service depending on the
unit period and congestion level(CL) multiplied by the number of unit periods
lasted, was expressed as the simple letter-typed level of service(LOS) for any
congested period.

vi) Congestion level(CL) was applicable to a selection of relatively inefficient
areas and a criterion of prioritization for facilities improvement or traffic

management.

Keywords: LOS, urban freeway, merge area, capacity, critical speed,

trafficability efficiency, congestion index, congestion level
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Oj Jam occupancy
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2.1.2 Hurdle, V.9 Datta, P.9] 9+
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2 o
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Fig. 2.5 Speed-flow on six-lane freeway(near Toronto) in 1982
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Fig. 2.6 Speed-flow on San Diego freeway(interstate freeway)
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NEeR b SE-wEF BAXATS PA BUAD §F AAskn Aok 28w
KHCMQ00DoI A % USHCM(200003 2o] Af&ug 7|Een dho] 438 ta
A A A eEaL TR Table 2.3). KHCM(2001) USHCM(2000)¢] &% A4+
Ag 2z GEstel T AL WA AOE oF 37170 BT oM

Aol ML oy 7 o mEfFHde §Fo] 22 AFHoA 100pephplel A
150pcphple] zke]l & el Y.

Bade] A& =7k 80kph oldkel = =

A A& = 80kphol WeiM = &S AAsts Aol FrHAo® dasiva A

39t

Table 2.1 Capacity of basic freeway segment in USHCM(2000)
(%] : pephpl)

4 A4+F4 % (kph) B
120 2,400
110 2,350
100 2,300
90 2,250
Table 2.2 Capacity of basic freeway segment in KHCM(2001)
(9] @ pephpl)
A7 & % (kph) KHCM(2001)
120 2,300
100 2,200
80 2,000
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Table 2.3 Mainline capacity of on-ramp junction

(&9 : pcphpl)
£ A4 = (kph) USHCM(2000) KHCM(2001) | =}
120 2,400 2,300 100
110 2,350 2,250 100
100 2,300 2,200 100
90 2,250 2,100 150
2 500
= 2,400
(@)
e
3
8 2,300
ofu
Ik 2200
1o
= 5 100
2.000
120 110 100 90
=M A4 X (kph)
0 USHCM(2000) 0 KHCM(2001) |

Fig. 2.10 Mainline segment capacity on merge area in USHCM and KHCM

_21_



B
o

—

N2

dr

7-(1997)

}

\AO

Bl

i
L

NP

Aot A=

2 7] E TR A

e AS

o] &

],

AO

B

f

o

o

Z7ksh 37 3% s}

342

boich et

shol s

Els

o2 Ia

1
i

dl

A &

d

)

Nk
i
o
o
El
,_Ir‘”
o

e
).

%

¢

N
i

t21 9

©

Afolo] H7

oy

(2.3)

Cap = 0.644919 Vol — 192.038 7+ 1,765.352

4 % (vph)

(vph)

2 (sec)

N

Al

2.2.3 Carlsson, A.9 Cedersund, H. A.9] A+

AAz7F 12Z9 299

5L =
o

Carlsson?} Cedersund(1998)= ¥ A o] 4z} = o] 1

il

]

7ol

i
™

=
.
o
=
™

o)
il
i

ol

100~ 200vph 2]

ok
Qs

3

39t

Al Al

oy
s

a3
o

_22_



Cap=14,150— V. /4
(2.2)

o 7] A,
V. &R A2 2% F(vphpl)

- 23 -



2.3 AHl=5F

231 Aulx=5F9 L

SActE A0EZA THAY Aol I AFHHE o9

oje gt MHulAFEE FAEHE, TYAZE, MY AFE, b, wEekd

AmE & Yo AL AMulaeFe wFHF d &% v (volume/capacity ratios,
T 2

S 1} USHCM(1985) ©]F o]

Ir £
a0
bl

FE AL MY AP 2FFUE BT, A
* 1 JEF, AN zsE Fe Ay
Golut shaldelol s e 2EAH S ABSEE AGRA KHCM2001)o] A& Table
249} 2ol Myl ~szy WER AHE delgtn 9l

Au) 2222 USHCMA965)NA] Ao M8 ol @A AA 244 n%

AT 23 Usded AR AL ATk ol gt Zo] e ERAAH dief =7t
1 i

Hog Mgz Ads Astd AvafEs BAsde oAl 24 4
FrAY fRy wro V5g FAFE 2FTHHE TEHoRr AL Y9
gofel= Ao BT

2
o
B~
of
ox
=
L
o
i—";

_24_



jant

oju
g

7]

| .

5710

RERS

%
Rl

]

~

1H
4r

)

gk A3t

AHEAZE et F9E 710l A
U Y AFEe AHEFE ARD o= F® "o

=
-

Well A o

7] ol

tol T3l 4T

013

)
)

s
el

[

%)
o

njJ

—_

o
o)

71e et

A7 =

o
s

3] Al

o

B ol A 2

}

=L
1o,

kel
i

U P

[

3}

Ly
s i

3k

]-/\gs

o]
%

o}
1H
:
N
TR
N

o}J

W
%o

o

wE
Ifo
A

Table 2.4 Flow condition for the levels of service

N2
A+

_25_




v =8 FHF(USHCM)2 1950 el Aoz aso]l 19654, 19854,
2000 =5 A A AAERN oW, 53] 1985 =9 2000 = USHCM S &4 W
HES 19929 =9 20019 = KHCMo| 242F 7124 082 2§ 5 i th

1985 &= ¢} 20009 = USHCM-S A4/ il

&+

A EE, AT, vfe, FE7F FEAO

y o 0o, s 1 =

h
>

A EEE F ERHERA AASdY. W olE

>
=
[
-
MN
o
il
)
b
k1
a
D
28
(iS)
=)
wm
o}
D
D
&
et
N

ol
i
)
Ip
ol
=
2
N
:{o
Jpx
ol

2 R A o9 dEe] USHCM2000) 9 A= &%
WEFEY BAE 399 Pz aAsHEAN AFEETt 4 wEFeod =2
W 7EA AL FAEA, o] FAQl mEE el A USHCM(1985)° Hl&f °F 300~
400pcphpl 7HA] =2 @S Hol= ZAo® HoJu(3=x Table 25~2.6). kA
THRHERA WNEFEYN SR FA A AEFHE HE(density)e] 7} AH2FF
el

e H 13.6pcpkmply #olE B AT (FZ Fig. 2.11).

_26_



(pcpkmpl)

H

50

40

30

20

10

B C D E
Me|2=Z(LOS)

0 USHCM(1985) [T USHCM(2000) |

Fig. 2.11 Density by level of service for basic freeway segment in USHCM
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Table 2.5 Level of service for basic freeway segment in USHCM(1985)

2 Al &= 2 Al &= A &
AH] . _ dA 4= 70 mph Al 60 mph AA 4= 50 mph
T (pecpkmpl) (pcpmipl) nEZF e W= e ENS WE e
(pcphpl) (mph) (pcphpl) (mph) (pcphpl) (mph)
A <75 <12 <700 >60 5 - - -
B <124 <20 <1,100 =57 <1.000 >50 - -
C <186 <30 <1,550 >54 <1,400 >47 <1,300 >43
D <21 <42 < 1,850 > 46 <1,700 > 42 <1,600 > 40
E <416 <67 < 2,000 >30 < 2,000 >30 <1,900 >28
F 41.6 67 - <30 - <30 - <28




Table 2.6 Level of service for basic freeway segment in USHCM(2000)

A4 5 120 kph A4 % 110 kph A% 100 kph A4 % 90 kph
A H] 2 iR

T (pepkmpl) e &= nEH &= nEF &= 5 F =
(pcphpl) (kph) (pcphpl) (kph) (pcphpl) (kph) (pcphpl) (kph)
A <7 <840 >120.0 <770 >110.0 <700 >100.0 <630 >90.0
B <11 <1,320 >120.0 <1,210 >110.0 <1,100 >100.0 <990 >90.0
C <16 <1,840 >114.6 <1,740 >108.5 <1,600 >100.0 <1,440 >90.0

D <22 <2,200 >99.6 <2,135 >97.2 <2,065 >93.8 <1,955 >89.1

E <28 <2,400 >85.7 <2,350 >83.9 <2,300 >82.1 <2,250 >80.4

F 28 - - - - - - -




233 79 =28 FHFH(KHCM)

o] w2e Rt (KHOMS 199233 2001 F Aelol 2A AAEgow,
1985 7 20000 W=l =R G FAFT(USHCM)S 4 s 717 7|24 o=
e oAl =4 8 4% RAAFE Tl eSS4 ddd Adees %
Aekol AbEE L 9l
KHCMOl M= USHCM3 wpi7tA = d&F 1&He2e] SP4HsE vetlie A
E2A WX, WEF, v/cE FEHOR AL, RS F ARAEZA AA L
ATt 2H Y KHCM(2001)ol A = H %5 3 & % (average travel speed)”} 14 2o
A alEeFe] WSt whel S£=o) WE7E A glts olfE SdH oA A9 H
ATH EE ALHF{F EAo d KHCM(1992)% KHCM(2001)9] & Aolde £k
TREY RES 399 Yo fMstHA YEUA HAT 53], oRAES
Hl sk KHCM(2001) ol A A& 2o mE o] A8 == §7Fo] °F 100pcphpl
A% A JEwoy, F8 aRHEQ R Z AuaFEdE e Hd 16
pcpkmpl 74A] ZFolubs Ao ® vEy T (FE Fig. 2.12, Table 2.7~2.8). wetd A
2o ik g3 =0 AHFAQ] W= OL‘H A4 Wste 9lo] 1 AR
25l TR AHE AR Fe] FASHE = skal o ds] KHCM(1992) %
KHCMQ00D oM = &4 AFo]s AFEsta Slo] ofo] thah =24l A9 Za
Shrhar ks i
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Fig. 2.12 Density by level of service for basic freeway segment in KHCM
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Table 2.7 Level of service for basic freeway segment in

KHCM(1992)

AAEE 120 kph

2A1%% 100 kph

Mulzl 9dx
4% | (pcpkmpl) UEHF o/e] &= UFHF o/et] &5

(pcphpl) (kph) (pcphpl) (kph)
A <8 <850 <0.39 >105.0 <750 <0.34 >955
B <13 <1,300 <0.59 >100.0 <1,150 <0.52 >90.0
C <19 <1,700 <0.77 >90.0 <1,550 <0.70 >82.0
D <27 <2,050 <0.93 >76.0 <1,900 <0.86 >70.0
E <44 <2,200 <1.00 >50.0 <2,200 <1.00 >50.0
F 44 - 2 <50.0 - - <50.0

Table 2.8 Level

of service for basic freeway

segment in KHCM(2001)

2 H] ) AA4 % 120 kph AAEE 100 kph AAEE 80 kph
2% | (pepkmpl) | LEFF o/e] WEF o/et] wEF o/en]
(pcphpl) (pcphpl) (pephpl)

A <6 <700 <0.3 <600 <0.27 <500 <0.25
B <10 <1,150 <05 <1,000 <0.45 <800 <0.40
C <14 <1,500 <0.65 <1,350 <0.61 <1,150 <0.58
D <19 <1,900 <0.83 <1,750 <0.8 <1,500 <0.75
E <28 <2,300 <1.00 <2200 <1.00 <2,000 <1.00

F 28 - -
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Table 2.9 Level of service for merge area in KHCM(2001)

A4 %= 120 kph

A4 %= 110 kph

A4 % 100 kph

A4 % 90 kph

Aulx] Ewx
% | (pepkml) NEF =R nEHF &5 UEHF =S UEF £

(pcphpl) (kph) (pcphpl) (kph) (pcphpl) (kph) (pcphpl) (kph)

A <7 <840 >120.0 <770 >110.0 <700 >100.0 <630 >90.0

B <11 <1,320 >120.0 <1,210 >110.0 <1,100 >100.0 <990 >90.0

C <16 <1,840 >114.6 <1,740 >108.5 <1,600 >100.0 <1,440 >90.0

D <22 <2,200 >99.6 <2,135 >97.2 < 2,065 >93.8 <1,955 >89.1

E <28 < 2,400 >85.7 <2,350 >83.9 <2,300 >82.1 <2,250 >80.4

F 28 - - - - - - - -
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Table 2.10 Freeway level of service suggested by Cameron

TE 71 % (mph) A ¢FH(mph) 28 (status)
LOS A 60 A} 57 (free flow)
LOS B 50 50 SFA F (stable flow)
LOS C 47 47 SFA F (stable flow)
LOS D 42 42 =74 E<HA F (approaching unstable flow)
LOS E 30 30 £ ¢ F (unstable flow)
LOS F <30 25 7 A 5+ (forced flow)
LOS G 15 Z 73 A7 (super forced flow)
LOS H 10 = A 7 (ultra forced flow)
LOS I 0 Z % A F (super-ultra forced flow)

b A&HM, A% 1 =AM AANRE d BoAL aFH] G|t
webd] WEAAGEANAE AulaFFe] od EE 0F ATAHEo] ofue )

A 7F @919 ZFZ A A (multi-hour reference system)® FE A EojoF ot A4, wE

FEfel g AulAagFe] BRAaA AT F29 2Ake] 3 ¥ (alphanumerics) &2 &
AatA FAY AT, A A A F(congestion  index)E EYPdte] wEE A FASH
(numerical grades)®. 2 WEAA S 3 715 H 9 F(mpacts)e] F=S TS

9] of gk,
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121} Baumgaertner

VEoem AuasEs

&y A Al (delay) &
of e A vk Au]~gE
A 75 A (weight)oll o g+ gk el

A 7 A zgzel fgat FAAF Wl e AwHd Mol glo

rir
o
Apx
H
il
=2,
=
=
re
i
a4
kd
oo
rlj

o BFe ANGLL, TG FAASEE =95

’

—_—

A A A 4= (congestion index)”} LOS DY LOS I7hA A A A =0 )3+ theFz el <
olo] W7t AANHUYG(FHZE Table 2.11). WA B Aol A= AU a=Fo 42X
15 &

SHOEA AAAF g3 1 WAl e FeAA HgWHel Aasy o
°]

AR A%F n&52o JAFHE FRIE ol BRHm BAsHU.

rﬁ

Table 2.11 Range of congestion index suggested by Baumgaertner

LOS (;Z?t) A% oE

A~C 0 0~4 B] A A (not congested)
D 1 5~9 okZF A A (mildly congested)
E 2 10~15 & A A (moderately congested)
F 3 16~24 A8k A A (seriously congested)
G 4 25~ 40 =3l A A (severely congested)
H 5 41+ =43 A A (extremely congested)
I 6
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B oz gRARe BAATEE Skph)d @i AAE(ABEE 50kph)7h
7) , 7S AR E 93 Y (parallel type)d] HE|ES FHsa
glov, Qukael 78 FaE KHOM00D A AASE e wEE] o 429
TR FxoAlAYF #F A (1998)0 FAFEH 3l
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Table 3.1, Fig. 3.1). % A3 AR A7 B
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Table 3.1 Geometric structure under the study section

T A" A AA B K e A% D
ZAPA A (758 a” g A4F ]
7}V &2 9] Zol(m) 124 230 235 194
AEF HYF 4 =4
7hExtg o 32 7 3] 2]
B9l 2 Z 4 (lane) 2
AZ =9 225 (lane) 1
249 A2 Z(m) 3.7
AZZY AEZFH(m) 3.7 ~ 50
49 A& % (kph) 80
AZA 29 A& = (kph) 50
sl = 1.2
So & (m)
TE &= 2.0
« HMEE st MA(EHOIY £ Y|&E) 215mof EEEX]
~ HER AR FH (= 7|F) 108m, stFel MY 127mof| E{EEX|
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Table 3.2 Features of NC-97

A X FF GMR magnetic chip for VMI
w9} ggdo] F3F F 15 speed bins, 8 length bins
= 165 mm x 140 mm x 16 mm
AT A3 1 ~ 120 min
AFE Percent occupancy over report interval
A AEE Free flow 99.0%, + 1 count
A&/ ARG ATES = 95.0%, + 1 count
AEFET JEw +/= 4.2% @ 95% probability
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vehicles per 15 min% YERH, &7 olo] wa % 8709] W (categories) = %7
5 91t

@9 = kilometers per hour(kph)® YEUH, &=Rxo] uwzl ZF 14709 -
(categories) & = F ATHFHZE Table 3.3). 281l ZAIAH O HdEH = A HH A
4% (Time Mean Speed, TMS)#tik: ¥, o A @13 o] A&t
(arithmetic mean)°ll |3 Ak&% T}

Table 3.3 Range of speed intervals

(&9l : kph)
T EE 1t T ST 73t T EE 1t
1 0~ 7 6 40 ~ 47 11 80 ~ 87
2 8 ~ 15 7 48 ~ 55 12 88 ~ 95
3 16 ~ 23 8 56 ~ 63 13 96 ~ 103
4 24 ~ 31 9 64 ~ 71 14 104 ~ 111
5 32 ~ 39 10 72 ~ 179 15 112 ~
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TET H&Ed F U= AFHol = 6m "W 6m °l 12m °]d, 1 1ZmE
Z sk A d ol A& Eo] AFREH Y. (32 Table 3.4).
1,4V, 4T,
F:—( 1 2
2 fHVl fHV2 (3.3)
Foo= 1
HY, 1+PT1(ET1—1)+PT2(ET2—1) (3.4)
o] 71 A,
F 1% & (pephpl)
Vi a2 19 Gy Az 1589 2% 2F(vplbmin)
Vo : 22 29 &9 A3 1589 3% #F(vplbmin)
fav: T3% BAAFG=AZ 1, 2)
Py 33219 T4
Pr o WA F(Ty)e AN
Er : 233179 543 BA5
Ep c A@AF(T)e 582 445
Table 3.4 Vehicle type and passenger—car equivalent on level terrain
Az TR Aol S8 B
25 HvF EY
B ’ 6m ©| gk 1.0
12905 vk £28 W&
3 258 oA EY H A 6 ~ 12m 15
o3 Mueaddy £ EEY LY 12m =3 2.0
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Table 4.2 Maximum flow rate observed per lane per area

(&9 : pephpl)

T 14 2d 3y H ol (max)

A2 ] 1,168 1,117 1,144 1,168

A3 A2 2 1,548 1,455 1,583 1,583
F = 1,304 1,268 1,324 1,324

A2 1 1,404 1,400 1,440 1,440

AA A2 2 1,734 1,751 1,713 1,751
H s P 1,555 1,571 1,529 1,571

A2 ] 1,465 1,494 1,380 1,494

A4 A2 2 1,674 1,848 1,723 1,848
A 2 P 1,471 1,577 1,480 1,577

A2 1 1,695 1,719 1,644 1,719

A3 =) 2,101 2,126 1,965 2,126
H s P 1,898 1,923 1,768 1,923

_50_



22 1,2 T MAl2 BE
—=— X2 2
2000 F 2000 |
21600 21600
Q Q
o o
S 1200 | S 1200 |
o o
e L e L
" 800 " 800
400 400
0 0
015 6:15 12:15 18:15 015 6:15 12:15 18:15
AlzH AlzH
(a) 1&
A2 1,2 A= Mil2 BD
—=— X2 2
2000 | 2000 |
2 1600 | 2 1600 |
[e} o
(&) (5]
£ 1200 £ 1200 +
ofu ofu
i L iE L
i 800 e 800
400 400
o ‘ ‘ ‘ f ‘ ‘ ‘
015 6:15 12:15 18:15 0:15 6:15 12:15 18:15
e e
(b) 2&d
21,2 A2 Mitz W
—=— X2 2
2000 | 2000 |
21600 21600
Q Q
o o
S 1200 | S 1200 |
ofu ofu
e L e L
" 800 " 800
400 400
0 0
015 6:15 12:15 18115 015 6:15 12:15 18:15
AlzH AlzH
(c) 3
Fig. 4.1 Flow rate distribution per time period(area A)
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Table 4.3 Speed

per time period per lane per area

(< : kph)
RN REEEE
(22:00~ ¢ 06:00) (06:00 ~22:00)
agag | 7 tor | % | uhes | aas it
55.8 60.6 27.5 477 55.6 474 61.4
A" A 2 65.1 68.4 275 53.5 62.0 53.2 69.2
E= iy 60.4 64.2 o 50.9 59.1 50.6 65.2
1 55.4 60.1 23.8 42.8 57.1 25.8 60.6
XA B 2 60.8 65.2 27.2 46.6 62.3 28.9 66.1
T 59.7 62.7 25.8 44.9 59.6 27.7 63.6
1 63.3 65.9 56.8 574 63.4 59.2 66.0
- C 2 64.5 70.8 49.8 61.8 70.9 62.7 73.2
ot 64.9 68.3 54.2 59.8 67.5 62.0 69.6
1 61.8 65.9 26.9 52.3 62.1 46.9 66.5
A" D 2 63.4 70.5 28.2 59.2 70.6 50.3 73.5
T 64.2 68.0 274 56.0 66.3 48.4 69.0




Table 4.4 Shift in speed between lanes per time period per area(As = s, — s4)

TE 4% 2H(kph) 22 1 d8(%)
A oA ZHY) 7.8 129
A" A 40kph 6.6 12.6
H] A ok A] 7o)
< 40kph 1.6 6.6
A oFA] 2+t 5.1 85
A B 40kph 4.3 8.3
H] A o A] 7H o)
< 40kph 2.8 10.7
2] oF Al 7 49 74
A C 40kph 6.2 10.1
H] A o A] 7H o)
< 40kph -5.8 -18.4
A ofA] 2l 46 7.0
A D 40kph 8.1 13.7
H] A o A] 7H o)
< 40kph 1.8 6.8
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Table 4.5 Occupancy per time period per lane per area
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1%6171314115271529
NN = (N R NN NN =
n_tu”ﬂ n.rmﬂ” n_rmﬂﬂ n_rmﬂ”
) ;T“ | o - :TL__ no o = ;T“ no| o = :TL__ | o
—~ | N W —~ | M| W —~ | N W AR A T
< ol < I S o< |
o o o o
| <R < <8 <
—IT A ~ A ~
o ° T o5 ° T
<H R <H o <P ol
@ X @ X @ X @ X
< Q S _Q
XA XA XA XA
X X X ~

_65_



100

80 -

A=, 2

0:15

6:15 12115

AlZk

18:15

6:15 12115

AlZk

18:15

ne

6:15 12:15

Az

18:15

(b) 2
A2, 2 —— X2 1
100
80
® 60
o
ok o |
w40
20 |
o Btk ‘ ‘
0:15 6:15 12:15 18:15 0115 6:15 12:15 18:15
Azt Azt

(c) 3

Fig. 4.10 Occupancy distribution per time

ol
=

period(area A)

_66_




21,2 —— A2 1 iz g
—=— X}
100 100
80 80 |
® 60 ® 60 -
o of
oF | oF |
a 40 z 40
20 + 20
0 B 0
0:15 6:15 12:15 18115 0:15 6:15 12:15 18:15
Azt Azt
(@) 1€
i2 1,2 Mitz g
100 100
80
& =60 t
ofu ofu
ok o L
70 z 40
20
0 d&‘ K 1 1
0:15 6:15 12:15 18:15 0:15 6:15 12:15 18:15
Azt Azt
(b) 2
21,2 —— X2 1 Hxtz g7
—=— X2 2
100 100
80 |
& = 60 f
ofu ofu
ok o L
70 z 40
20
0 Poty,, L L
0:15 6:15 12:15 18115 0:15 6:15 12:15 18:15
Alzt Azt
(c) 3

Fig. 4.11 Occupancy distribution per time period(area B)

_67_



A2 1,2 T Matz g2
—a— X}
100 100
80 80
® 60 ® 60 -
o o
oF | oF |
a 40 z 40
20 a a 6 a 20
0 : : 0
0115 6:15 12:15 1815 0115 6:15 12:15 18:15
Azt Azt
(a) 1&
iz 1,2 MNiz ®P
100 100
80 80 -
® 60 260
ofu ofu
o o | 05y 40 |
w40 @ 40
20 20
0 : f R \ ‘
0115 6:15 12115 18:15 0:15 6:15 12:15 18:15
Azt Azt
(b) 2
21,2 Az Mz g3
—=— X2 2
100 100
80 80
® 60 ® 60
ofu ofu
o o | o o
m 40 w40
20 20
0 ‘ ‘ 0 ‘ ‘
0115 6:15 12:15 1815 0115 6:15 12:15 18:15
Azt Azt
(c) 3

Fi

g. 4.12 Occupancy distribution per time period(area C)

_68_




21,2 PR—
100 100
80 |- 80 |-
® 60 ® 60 -
o o
oF | oF |
m 40 z 40
20 | 20 |
0 0
0115 6:15 12:15 18:15 0115 6:15 12:15 18:15
AlZt AlZt
(a) 1&
A2 1,2 Milz ®o
100 100
80 80
® 60 260
ofu ofu
o o | 05y 40 |
m 40 @ 40
20 20
o ‘ ‘ R ‘ ‘
0115 6:15 12:15 18:15 0115 6:15 12:15 18:15
Azt Azt
(b) 2
A=z 1,2 —— X2 1 Mz 5
—=— X2 2
100 100
80 80
® 60 ® 60
ofu ofu
o o | o o
m 40 w40
20 20
O -, L L O N L L
0115 6:15 12:15 18:15 0115 6:15 12:15 18:15
Azt Azt
(c) 3

Fi

_69_

g. 4.13 Occupancy distribution per time period(area D)




b W QkoH(H % Fig. 4.14~

Al 2 A & (scatter time tracking plot) =S

421 o
AW AR W

3
0}

0

=

il

o

dr

4.17). Az

oy

)

o

o
o

T

ol
z]t

I

.
o

i

:rL

B =

/?)1—

H) g A e 9} L 9o

o

%

;OE
0

o

o
Eo
]
M

o
i

.AO

Aqr

f

Foiet.
EeeA ugAagds o)

[¢]

TR

A USHCM(2000)3 KHCM(2001)°l A

[ex
il

&

1

R

Aol A

(@
fus

=

ey 2)

&

oo

4qr

iy
oj
e
o
B!

]
Aqr

oH

—_—

¥t
A4r

I
K

i

o
i
o
e

A 15% w9l

| wrobA]

] 4] &

[ex
pul

olE HW, HAAF
=7}

4
=

(uncongested flow)ol A AAF=Z o7} w2 A o]Fo]x 1

i

nE
1o

Alell A o]l
AlZE Qboll

ﬁO
o
oo

|

]

H(#Z Fig. 4.14~4.17).

A =
°]

st

)

fLE

ol B o A % (i

THE WAAFE T

A B(W )7t 46kph= 74 wrgrom,

o)
o

= 44
ol

KR
T

o ddidew o
=

gol k. whekA

Aol msh A7 Aol

)&

&= el

1 o] A]

=

=

[ex
pl

&

-

R

A
fuA

do]5]o] e}

M
r

B
Gl

AL} 2 Folr}

59kph= A A4 A}o] &

-

R

dE)

3

(%

A we AR

A TH(ZFZ Table 4.6).

0] o
2

=
T

B

—_—

7

_70_



Table 4.6 Critical speed per area

T A A A4 B AH C A D

A Al & = (kph) 49 46 59 58

ol
flow rate under congestion, £ ;)<= HWIEFE hu]s] 2™ °F 60% o] d=
et AR WA gizjdE W 99 S BADGANAMY wFERES §FY

50% olstz "ol A S=vE Hall 5(1992)8] ATZ234E e = Utk

Table 4.7 Maximum vs minimum flow rate under congestion per area

) A" A AX B A C A D
Froax 1,324 1,571 1,577 1,923
Frnine 942 1,187 975 1,340

Fryax/ Fryine(%) 71.1 75.6 61.8 69.7
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Fig. 4.14 Flow rate—speed per time period and scatter plot(area A)
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Fig. 4.15 Flow rate-speed per time period and scatter plot(area B)
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Fig. 4.16 Flow rate-speed per time period and scatter plot(area C)
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Fig. 4.17 Flow rate—speed per time period and scatter plot(area D)
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Table 4.8 Correlation coefficient between flow rate and occupancy

T8 A% A A% B A C A% D
<20 0.841 0.899 0.898 0.993
A8 (%)
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Fig. 4.18 Flow rate—occupancy per time period and scatter plot(area A)
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Fig. 4.19 Flow rate—occupancy per time period and scatter plot(area B)
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Fig. 4.20 Flow rate—occupancy per time period and scatter plot(area C)

_79_




100
2000 2000
*
3 1600 M 2 PP, 180 _ ' s R RN
£ Kot Wwvx* - 3 1600 3 -
I . 160 & s % ¢ .
Oﬁ1200 {4 o §1200 R, * o
800 ] = 40 0;'; i ¢
& 4l I\ b 000 (3
400 '*W 120 E }
ﬁp“ [P . L,_ 400 §
0 ‘ ‘ 0 ]
0115 6:15 12:15 18:15 0
Azt 0 20 40 60 80 100
—+—USHE &5 HRE(4
(a) 1&
100
2000 2000 5
1 80
21600 || Bre00 —gfee * pa e,
g 1 160 &[] & { M LIS .
£ 1200 o S * .
o { * 'MJ.% w1l &420
e 40 ofu }
800 7
o .‘X uE °
R oo - go 800
4 o /
W_‘J w L- 400
0 0
015 6:15 12:15 18:15 0 ‘ ‘ ‘ ‘
Azt 0 20 40 60 80 100
—— IERE =& Hrs(%
(b) 2&d
100
2000 2000
= 1 80
4 * -
£ 1600 —~ || 31600 ¢ o 8 O * -
3 160 & || & *
21200 o 8 8
o J“ﬂ[ "“.\ oF 21200 —§
e 800 1 40 =0 ofu 3
o SN K uE .
u 7 o 800
A Na 4 20 §
400 g S i = s
J l"-—.JS__ 400
0 ‘ ‘ 0 r
015 6:15 12:15 18:15 0 ‘ ‘ ‘ ‘
Azt 0 20 40 60 80 100
—— IERE =& Hrs(%
(c) 3

Fig. 4.21 Flow rate—occupancy per time period and scatter plot(area D)
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Fig. 4.29 3-dimensional speed-occupancy-flow rate and scatter-plot matrices(area D)
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Table 4.10 Maximum flow rate, critical speed and capacity per area

T A" A A4 B - C A D

Z o] 2% F & (pcphpl) 1,324 1,571 1,577 1,923

) Al 4 = (kph) 49 46 59 58

4 % (pephpl) 1,300 1,500 1,550 1,850
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Fig. 4.31 Critical speed and capacity per area
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Table 5.2 Relative weight(%) of observed

periods for expanded LOS

A" A Ad B AH C A" D
T
= - H 40 ws = H ) = - H Qe = H Q4
A ZFf = = A 7+ oy A 7+ = A 7+ =
LOS F 6.3 1.0 4.2 5.2 4.2 0.7 4.2 1.0
LOS & 0.0 0.0 8.3 5.6 2.1 1.0 6.3 1.7
LOS H 56.3 94 58.3 18.1 18.8 1.7 22.9 4.2
LOS I 10.4 1.7 0.0 0.0 33.3 7.6 50.0 9.7
LOS J 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Al 73.0 12.1 70.8 28.9 58.4 11.0 83.4 16.6

« ZA|ZIEH(07:00 ~ 09:00), E|ZA[ZFEH(18:00~20:00)

+ 7 21(00:00 ~24:00)
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Fig. 5.10 Weight diagram for expanded levels of service(area A)
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= Aol &3ty A AR (FE Table 54~5.7).
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FHARY S 2o BAHE 54 Azl g AussEe dwss) 54

g e desd 7P LOSTE st

olg] gt T LOSe A= F7HE Aul=FEY AZFsr a9, Anlas
=& AFgslr] A HA GHALE 2Fa & Mol vdse AN asE
of A A% 4=(Congestion Index, CDE HFoslAtt. o] AAXF= 2z Mu|=F0
e 2F58s 7R e 9aE dudes UEW HEolt 2 o]g o] R
o®l AAA T 2 ALE G FE w5 F FAkstAN G FAA A

A === (Congestion Level, CL)& 2FA st tH (3= Table 5.3).
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@9 LOSE Y FA(single value)® 4bg gholt}h. o] FX+= weAAe] A=
THor dFEstE HOEA 2 A Aol wel zb AH|
2z dSste AT FAMA A gaA 5 ANHE gxd

T AU 2Yd EAEHY MuasEd FF LOSAAZE Zhest. ol ep o] 7] &

Ao TgAtEE FdHE w9 LOSEIAAE 7]E£9 LOSAASG HAFs
LOSEEH=ZA v 2 4 9
T3 AATEE T3l #HSAHY 54 Ao, ddE wFAAY dAE AF

- 110 -



Table 5.3 Congestion index and congestion level by level of service

o A %2 (CL)
s | BAA%
Ea
(v 152 A7 n Al 7H

F 1 1 0< CL < 4 0< CL < 4n
G 2 2 4< CL < 8 In< CL < 8n
H 3 3 &< (CL <12 &n< CL <12n
I 4 4 12< CL <16 12n< CL <16n
J 5 5 16< CL <20 16n< CL <20n

o
2
re

WEAM Wk olyg T AT g HrldE {42 5+ v

el

ol
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Table 5.4 Level of service per rush-hour per day(area A)

7 19 22 39
S B3 S B3 S =3
} Nl ga| FALOS | BHLOS | || @A LOS | SFHLOS | |, | @910 | 5% LOS
Al 7
8 N los|ag [16] 1] 2 [1A%[24% |Los | &g |15] 1] 2 | 1A 2493 |Los | &g |16] 1 | 2 |1ARE[2A%
2 A2 AZH (L) | (L) # | A2 A 2 (L) | (L) # | A2 AT (D | (L)
07:00-07:15 - - 5 5 - -
07:15-07:30 - - o - . 3 1, - - - - -
07:30-07:45 - - sal e - -
07:45-08:00 - |- . 4 |- ; i - |- i i
08:00-08:15 - - o | - -
0815-0830 | | - |-| . PEE X NEEN .
08:30-08:45 - - - - - -
08:45-09:00 - - 2 = - -
18:00-18:15 045 | H 041 | H 046 | H
18:15-18:30 048 | H 047 | H H 043 | H
F N H4 H F H4 F H4
18:30-18:45 0.46 | H (12) 046 | H (12) 050 | H (12)
18:45-19:00 048 | H H 040 | H H 050 | H H
H8 H7 H6
19:00-19:15 049 | H (24) 044 | H (21) 040 | H (18)
19:15-19:30 0.46 | H H 047 | H H 054 | H G
F H4 F H3 F H2
19:30-19:45 049 | H (12) 047 | H C) - (6)
19:45-20:00 050 | H - -
] ] ]
A e A o A o
=9 F2, H12, 13 49 | &9 F1, A8, 11 30 |94 H7, 11 25
CL CL CL
LOS LOS LOS




Table 5.5 Level of service per rush-hour per day(area B)

T 19 29 3%
o =3 o =3 o =3
S @9 LOS =3 1.OS Y - @9 LOS =3 LOS S @9 LOS =3 LOS
A ZE —
Los| & [15] 1 | 2 1A 2N Lo | ae|15] 1 | 2 |1A 247 |1os | ae [15] 1 | 2 |1AZF[2A%F
B | A7 A1 (CL) | (CL) B | A1ZH| A7 (CL) | (CL) B |AIZH AIZH| (CL) | (CL)
07:00-07:15 - |- - | - - -
07:15-07:30 - | - ] - - F
- - - \, . - F F1
07:30-07:45 - | - o —_ | Fr|
07:45-08:00 - | - G2 F - - Z\ F 093 | F o G
08:00-08:15 074 | ¢ F1 (5) 080 | G 0 (8) 0.60 | H n 9)
08:15-08:30 . 073 | G| G2 G d 057 | H| Gl G " 054 | H| Gl G
08:30-08:45 087 | F | F1 (5) 082 | H| 2 (8) 068 | G| H2 (8)
08:45-09:00 - = - -
18:00-18:15 053 | H 045 | H 048 | H
18:15-18:30 050 | H H 050 | H H 049 | H H
F H4 F HA F H4
18:30-18:45 048 | H (12) 050 | H 12) 0.49 | H 12)
18:45-19:00 050 | H H 051 | H H 048 | H H
H3 H3 H3
19:00-19:15 053 | H (24) 0.49 | H (24) 051 | H (24)
19:15-19:30 045 | H H 052 | H H 049 | H H
— F H4 F H4 F Hi
19:30-19:45 053 | H (12) 052 | H 12) 049 | H 12)
19:45-20:00 050 | H 052 | H 051 | H
79 39 49
ad Qe ad Qa9 ad Qe
=2 F6, G6, H18 72 |u9 F5, G6, H19 74 | @Y F4, G4, H15 57
CL CL CL
LOS LOS LOS




Table 5.6 Level of service per rush—hour per day(area C)

T 14 2Y 3Y
S =35 S =35 S =35
Jx || BALOS | BHLOS | || ©HLOS | BHLOS | |, | @9 LOS | B¥ LOS
A ZE - =
LOoS| &g |15 1 | 2 |IAZ |24 Los|&s |15 1 2 1A 223 [ Los |5 [156] 1 | 2 |LAIZF 2213
| A2 AR (CL) | (CL) [ ARE AR (CL) | (CL) 2 [ AR AR (CL) | (CL)
07:00-07:15 - - - - - " py
07:15-07:30 063 | G| Gl H 0.50 | H H 087 | F G
F F H3 F Hl
07:30-07:45 030 I | 12 (10) 035 | H 9) 050 | H 0 | Fl (8)
07:45-08:00 038 | I G1 I 034 | H 7 H 029 | I o H
08:00-08:15 038 | I 16 (26) 032 | H (21) 039 ] I 5 (24)
08:15-08:30 036 | I I 034 | H H 031 I ° I
F N 14 F HA4 F 14
08:30-08:45 036 | I (16) 031 | H (12) 032 1 (16)
08:45-09:00 027 | 1 0.38 | H 040 | I
18:00-18:15 - - = N - -
18:15-18:30 - - o - P 090 | F | F1 H - - - -
18:30-18:45 - - 039 I | 12 F1 9) - -
18:45-19:00 - - - - 039 I 0 H - - B B
19:00-19:15 - - 037 1 5 (24) - -
19:15-19:30 - - - - F 038 1| H I B - - B
19:30-19:45 - - 033 I 13 (15) - -
19:45-20:00 - - 043 | H - -
dQ 42 1<
A4 Q4 A4 Qe A4 Qe
@< Gl, H1, 16 29 |&9%1| Fl1, G1, H3, 111 56 | &4 F1, &1, H1, I5 26
CL CL CL
LOS LOS LOS




Table 5.7 Level of service per rush-hour per day(area D)

T 14 2Y 3Y
S =35 S =35 S =35
Jx || BALOS | BHLOS | || ©HLOS | BHLOS | |, | @9 LOS | B¥ LOS
A ZE - =
LOoS| &g |15 1 | 2 |IAZ |24 Los|&s |15 1 2 1A 223 [ Los |5 [156] 1 | 2 |LAIZF 2213
| A2 AR (CL) | (CL) [ ARE AR (CL) | (CL) 2 [ AR AR (CL) | (CL)
07:00-07:15 - - - - - -
07:15-07:30 F 052 | H| H1 H . 037 1 3 H P 061 G| Gl H
07:30-07:45 038 | I | 12 (11) 039 1 (12) 039 | 1| 12 a1 (10)
07:45-08:00 038 | I H2 I 0.36 | I ” I 035 I o I
08:00-08:15 044 | H 5 (26) 039 1 (28) 035 I 5 (25)
08:15-08:30 F 037 1| H I H 037 | I B I F 038 1| H ° I
08:30-08:45 03711113 (15) 038 | T (16) 040 | H| I3 (15)
08:45-09:00 034 | I 0.38| I 039 | I
18:00-18:15 - " 090 | F 0.76 | G
18:15-18:30 F 082 | F a1l G F 043 | H| F1 H P 059 | H| G1 H
18:30-18:45 0.70 | G I;l F1 | (6 040 | H| H3 F1 (10) 049 | H| H3 a1 (11)
18:45-19:00 049 | H Gl H 041 | H 3 I 045 | H 03 G
19:00-19:15 038 | I H2 (17) 033 1 . (26) 039 ] I 1 (15)
19:15-19:30 033 | 1 |HL| 12 H 038 I I - F
— F F 14 F I
19:30-19:45 051 | H| I2 (11) 0311 (16) - (4)
19:45-20:00 - - 035 1 - -
dQ 42 1<
A4 Q4 A4 Qe A4 Qe
@< F1, G1, H4, 18 47 |99 | F1, G1, H4, 113 67 | &9 F1, G3, H4, 17 47
CL CL CL
LOS LOS LOS
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