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By Masao KUWAHARA, Yoshiji MATSUMOTO, Toshikazu SHIMAZAKI and Hitoshi IEDA

Many highway problems arise from bottleneck congestion. Regarding highway commute
traffic, this analysis proposes a model which estimates the cumulative arrival curves at

bottlenecks around a single core during the morning peak, given commuters’ home loca-

tions and work schedules. It is necessary, therefore, to identify when and which bot-

tleneck each commuter passes. Each commuter is assumed to have a common form of

travel cost function which consists of a static cost of free flow, travel time and a time-

dependent cost due to bottleneck congestion. Commute trips are assigned spatially and

temporally, so as to establish an equilibrium. The model is applied to the Metropolitan

Expressway Network, and the estimated cumulative arrival curves reasonablly fit the-

observed.
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- - DELWE -/ @B/ — Y L3RR, MEZEL
- afg

BEBICB T HEE, HEAIRE, ST XED
EEE, B LS P TV Y { LOREBEOE LI,
Fo b7—27 FIKHFETHR VA Y 7 TORBREK
AL TS, AASHTOW i3, BB/ ABHH»0.3
OBEIHNT, EEBRLEHROZNEED MY v TR
B(3y=vy7ax MEBHEER) 28ELTHaY,
Z2hFh 145 (=85+60)$/10° veh-mile & 800 (=200
+600)$/10° veh-mile & LT3, EHICk->ThHY v
TERASEEICHEMUTHL 2 &8I bDR 5. BRI
HMEROBMAZLYL. ThosOREZBRET HI2HIC
W, ¥TE—IBOR M Ay 7 BILREHELE
BiBBLadhEZ SRV, LCADPRERE-7H
Mo v sy BB, BNLESHECL2AKREE
Db H5—EDEE%R, ¥—7REHITI—ICEINHTS
ZlitkoTRkOLRTVWE., BH LI MIIHNES

* F£8  PhD. HEAFEH#M TERLARIZFEH
(F113 OREXASS 7-3-1) R ’
4B T ERAERE IFESIAIZEM AL

e FAE TE REAERRE LESIATER

(RLE)
e ELE T ERAFEEHEER IEStATER

(FLE)

T3, 2 CARRE, KREHOFERTH HEEE
BISEERSRE L, BN v TORR (£F) L85
pEmEsalE 4 v 7y FELT, Ry T -7 LOEHO
KMV Ey 7 OXBROBHEEZIEE T 2 HEEER
5. $abE, BRI Ay 7D MY v TORER
ENTHETI Ty FTHB.

KWy 7 cOBFLTARERUEEOPIREL
T, B—K Vi v 7 TOEBITHIORBNELEZS
FL7HDE LT Vickrey?, Hendrickson, et al.®,
Hurdle® Ea5i 5. hdid by TODEREKBEL S
BNRBBRTEAS DI > TVBIBECE, YO —
ZEEDEE MY v TOK P VAR v 7 NOBIBRA % RE
L, B—FK Vi y I TO My TORBRBESHZK
BHTVE, By TRESBEAEZELITINTOR
R & S C OFHERER (BHISBHAARE & BhEIC
EEICHE LA E0%) KL sBADARTEL,
ELMY v TOXR MR Y 7 ~OHERKLAZZ LY v 7D
BHAERNMNITHEANBEELTVS.

AL, ThHOBE—K PV Ey 7 ~ORERAE
REZZHREAEL, BEHOF VA Y I OEET S
2y bT—TCORMVAY 7RIRKECRESELD
DOLLTRBSGSNS. LIB-T, Ao NI



80

BRY vy THND, EOFRIMAY ZIERATHDPE
W3 2 oD, ZEENBRERETSLETHS.
AREOERIE, £92 10T, BRENSERFLZE
M EEGEEE, 3.12C, J02o0BEENE
AHEADETHDO VY — 7 BSOS 21 5. BiEIZ,
4. ¢, ZOBRTEHNEEEE~ERLLAZRY.

2. HEROEMH

KBTI, TTRHRETH Ly T -7 EBHAL, K
WF 4Ty RAR— AR ZRSTERICER L, 36KKE
FY oy TOBRRPIREMABREERT 5.

(1) zvyb7—7

Fig. ] AR THEE LTV HBE—ZEFH Ay b
7 — o OEERTH 5. BE—RETIE, SR
DEROEESH 2R Y Bis &S IZH L T 5. BEsHI,
HLEPLTVHEDT, 0-D/tF— i3 Many-to-
One ¢ 5. cOBEDFy MI—T7E2DDOEHD
EBETHEERINTVS (1 2EELOFICEBEINTY

B, 2L THD 12, FiHROEABEIRIC

T A RANREE T 5 5. —RERORENE, MYy
THEEED SRERERICT 7t 2385 L THY,
¥ REHSEROBEEE, T/ A LK Ny TERETH
FOEE CERIETH S, RERERE Y ) —RIC
HoTWAN, £V —R@Zthoy ) —&BELTHA T
Ebb B, ARETCE, FMVAyZ7EE VY —OHRT
BLAVRIIEETSAHDEL, HMY vy TR 1IRELEY
KRRy 7% BBTLHOERETS.

(2) F4v>FAN=X

@ by y ToRA (EE#), ZKRTNs v X
=(xy, ) &, BFSHGEEL L, 5 ONTVH LT L.
chbOfEHE, Fig.20kd KZRTER Q LT
Oy FFBIENTES. AR—A QX HTOER
CEYBRSCL-oTHETATWS., ZRTEMI T
Oy SN FRTOAE, BBRERNIIC Q BT
BELTWBEREL, QLOTRTORX, DITH
WT, ZOERDEBE X, )PEBETELHDLTS.
(3) BBHENVATA

ERIMVAY 7 j, 1€jST RBNT, HUTORKE

Radial Road

Working Place

Bottleneck

Fig.1 Network Illustration.

RIF - K - By - FHA

Work Schedule Time

Peak Period

City Boundary

Fig.2 Three-Dimensional Demand Space.

EHT 5.
AD=F iy 7 JICHA T FTCRALVLRE
FY Y T
D) =FbWixvy 7 jRBEA t £ CICRHLIZERE
M)y TH
Wit)=RK b Wi 7 JIREALRZ VY v 7T, 8%
BRLAEEZIAS t LIBIORE MY v TH
J
TWLE)=W(i)=EEa
j=1
ERETCEER N A v Z7ICRET AELITHEETE
B 5. BoERL2THE, HoTlI—RiITbhbh
MKERT S EHICFENIEEDINZDTIEZL, Kb
Wiy 7HA ECHREFMKERShBEHZLTN
5. COBETH, RIKKM Ay ZIZBIEBELIZN) v
THHERIIKR VA 7 KORHTHILIZZEY, IO
EAamH—¥ 23y 25 n% FIFO (FIRST IN FIRST
OUT) & k& EBOHEZRTH, BLELTIHIKERA
Liz by 7TEERLHEHT A E0IHENFEL,
FIFO BB OhBEINTVS. B ULLBEROY-EY
AYAFALNFIFO 251E, 22TWA K3 II861T
FlaifE LTH/-TH, H50NEHELTANEREDOLD
KEERKH2EXZ25-5TE->TH, BEB5THRTD
FHLERIIE, RUTH5.
(4) HERBHEHMESERE
My TORS X COBEBELI t 55Dy T
3, LTOEIREDSRBEITRTO M) v FicHEE
BEHBMEBNMITABEIRT 7EATERINEY
7 jERMVAY 7HHBER 1. 2 BRI B ERKET S
(CZTWEAR M Ay 7RBEAZERIER->TWS
M, ¥ =P 2RI RAFLNFIFO T, KRVAv 7
BERAEZTHICE - THREL &5 IKRBEFENZER
TE3).
TCHial X, t)=Alm X )+ LlaF(Ed+ filto— td

1L, mAX) =R bWt v jERBRLIEBEOER



BB LYy TOR M Ay 7 ~OBEI T ORE

X 5B FE cOBERRE
gFld=1—A7' DAt} K bW AR v o jEEE
i CHRHEULEZ FY y TOFS T
HWTORELEE
Sm)=m iB8¥ % BN BEHEMEAK
JA@)=q =B 7 B BRI /5 BB

AFAQY AG=FLQ)=0, G=0-remeremrsrenmssnnees (2)
Sils)=s IZB8¥ & aRFHERRFABEKL
d*fs)/ds*=0 - [T (3)
$20

dfis)/ ds=fis) <0 £<0

LERANNE 3 SOEOFMTEDINE. £F, K
Vi y 7 JERBURSEOEREZE T 585
KAETETCRET 2RE2BERE m(X) 25D
TRROF SRR X (il KRS 5. BBERII2<
EBORWRETOESY S BB E CORMBERETH
v, BREOEE X OBETH 5. film) ZFTEER m
RBBIIERT B THE. BEOE—KIbVRAy Y
TOFFEEREE, TOFE1EITEBHLTIR VA Y
TEROIDIDEE T-5T< 5. B5RH qXi) X
KMVAy 7O —VC AV AT ANFIFO 20T, #
EBih X ICEBRT, FMVRy 705 0O0HER 1,
DHOBEMELTRDLT I ENTES. Ll RELR
g it 2 0EEBRATHY, ¢ UL TRAKED
nIAREAMEIRES S. FIR.3RBHE2KINVEAv I jT
D Aft), DAL), W) DR TEH VLD TH B,
B ERER ¢, (3 BT ta BT B A(L) B & Dy(2) Bh
BEOKEARNDESTH B.

ITHVWTWVWE 7O —4 Y T4 Ry TV gk
ﬁwﬁﬁm,mﬁﬁﬁ%wxorﬁiu?w%Am
Q-VHERM 7 7 v PsTBERTHNIE, KMty
I ABALBIOXE BT RESIRETCH .
FI—REREEZIIBETH->TH, BB LI TH
HOANDOHRAODAE NV Ay 7 TRHRITEWIKEEIALE
N, BALHORERMEZER S RELL 5 ENEEINE,
FOXRMNVFy 7 EALDRICOTREEMIC & 5 BNEY
13, ARFETE-TVWBERIINE Yy 7 TOFLE-[EL
THEPEICEBSIATVS ((F531).

BEIBEOER t,— L BBHCOGEIEZEDL
TWna. EBIE, Fhviy 7HEEEN» 5, $EH
FTHALPOBHBEEETS2LITHHD, by
TR =V ETROLIIFEENIER TSI &L
T, tv—takFEbIN3, 9, ErYy TREA%
HehoBBhE cOBHBEALZIATHENRLLLTL
5. Wi, Bt SRR UIR bV A v 7 BRI
B/, FITELEREREN, F018%, B, R,
PHHECT Y TUERBRENRETS. Do kS

81
|
| |
Aj (t) |
u W, (L, D, (t)
2 1% 3 |
3 slope= p,(t ) ! :
o] P 5 N |
o /
E -— !
3| slope i
] i
21 = A ()
2l "M \
3 |
: ; t -t !
i ! wod
! *
g * (e I
! ! 4 a l tipe
t }
t . t..
o4 ta w 13

Fig.3 Queue Evolution at a Bottleneck.
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