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K. BAASS

Les files d'attente

LES  PHEMNOMENES D'ATTENTE

2121106 RAPHE

INTRODUVCTION

CASSIFHCATION DES S/CTEMES
HECANISHES JE SJERUCE
PRICESSUS D' ARRIVEES

INTENSITE JE TRAFIC, FACTEVR DVTILISATION
FACTEUR DE SATURATION

LET TYPES DE FIE )/ATTENTE
— PRINCIPE GEMERAL

— DETELIUNISTE

— JTOCHASTICNME
MM/
MIp)N
M/M[ oo
J:/:;Le" mes avec /ocff-Es'

Pollacaek - Khintchine

QUEL QUETY PRORIEMET PALTICULIERS

o DRETARDS AUX CARRE FOURS

— SANS FEUX
-  AUVEC FEVYX

* (APACITE D'UN CArREFOVE NS FEUX
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ANoTATION

3, g — taux d'amivée (mits/5)
M taux de tervice, de dz}oan‘ (wits/s)
Py — facteur d'ublisation d:m:ye

= /'% el y=%

JTRUCTURE DN PHEMOHENE D' AITBNTE

¢ (A FORME LA Pl JHHPLE COMPORTE 3
THASES PRINC(PALES .  crounce
— UNE ARRIVEE J'WITES A SERY

— UNE RE D/ATIENTE (ausve)
— UN rEryio5

o JANS BUEUES CONDITIONS VN PHENMOHENE
DATIENTE PEVT-IL ENSEVIRER. WvE QUEYE T

— ARRIVEES A {MTERVAULET RESUUERS ET—
LET TEMPS JE SLRUNCE CONIT. S/ >

IL BT DT QUE A RIE JAUNEE
| NIERINI T

— ('UE AU MOINS IE3 VARIANES ,Zou/n-
PRETENTE UN  OMRACTERE ALEARY/RE.
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LES FI L_Ef D'ATTENTE
LNTRONVCTION

PROBLEME A RESOUDRE ¢

— CONGESTION DU 2ESGHV
~ MINIMISATION PES LTTALDS
~ D /MENSIONNEMENT DU SHSTEME

DE TRANSPORT
— AMELIORATION dU SERVJCE

EXEMP LES TFALTICULIERS :

o BRETEULLET 9'AUrVROVTES

* TRAVERSETS POUR PIETONS

* PS7E Dc PEAGE

o PARC DE STATIONMEMEM, 64RAGE
o FEUXQE CIRCULATION

— Cyee
~ CTOCKAGE TOURNE A 6AUCHS
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LES QUESTIONS JYWANTES (E SOULEVENT :

o COMBIEN DE VEMCULED VONT ATIEMIRE S

o OUEL EST LE TEMPS VATTENTS 1

o UEUL EIT (A PLOBARILITE DE TROVVER
UNE PLACE JE SPANONNEHENT L/ BRE 2

o COMBIEN DE YoIEX OV QE PosTES
JE PEAGE FRAuUr . PrcLO/R 2

A LOLVUTION DE CET PROMEMES

o SIMULATION

o« ANALYSE PAR LR THEORIE
DEI FILES J'ATTENTE
MISE EN GARIE :

— OUTILS PRATIOUES RASES SUR LA THEDRYE ENCO RE RV
DEVELOPPEX. MATHEMATICIENS CHERCHENT DET 4PPL) -
CATIONS A DE BELLES LoV NONS ET Mokl PASLDES Cotd~
T70NS A DEI VRALS PROZIEMEX.

— LATHEDRIE TRAITE SURIOUT QU REEIME PERMANENT
(6N PRATIONS MWOUS SOMMES T MTEREVES AU COPORIENEM
DOSYITENS EN FOMCION DV TEMPES. A JEPASIE TEHPI -

RA12EMENT
_ (ERTAINS PROBUIEMES SE RESQRVENT SA¢/LETNENT

MIERE APPROX .( GRAPHIGUE) MAIS JEVIAW ST~
‘E?'f ﬁ'sﬁ é%fv- COHPL(C:WES THEO R BUEMEIT.
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K. BAASS

QUELRUES 2€ﬁAﬁ.aae:r _GENERALES

T W - T T Sl -_— b e — S

LS ARRIVEETS JDESVEMHCOUWES & PonT SETON
VN CERTAIN IEBIT ET SELON UMS CERTAINE
DILIRIBUTION DANS (€ TEMPS.

LES JEPARTS JDES VEHCULES SE FOMrAZRES UN

CERTAIN TEMPS JARREY. (ES INTERUALUS ET
LEY DERITS DE DEPART SOXN DTSR MES PAR

A (APAUTE DE SERVICE DU 6VICKker gu PAR
LA CAPACITE PUYSIOME DE 14 ROUTE ET IV
CONQDUCTEUR.

DEPELD ANT JES ARRIVEES ET DET DEPARTS
LE SYSTEME ETUDIE VA ETRE PLUS oU Mosu/s
JATURE .

DAM  CERTAINET CoAD)TI0MS JE JONC770 NAMC -
MENT € RORMENT JET RILES D'ATIENTTE;

IL VAR I€Yx TYPES IE RETARD :

o RCTARD CAUSE PAR LE SERVICE IANS UE
SYITEME

o PETARD CAWE PAR ' 4TTErrEs DANS
LA FILE.
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— O ISTINEVE DEUX LITUATIONS :
® (R CIRCULATION JUCONTINVE
PRESENCE 08 AUSET D' ARRET LYSTEMATIOUE
JEI VEHCULES TEULES QUE:
—? FEUX JE CIRCUWA7ION

=P IMCIIENTS , BEDUCTION TERP 02172
JE LA CHP4ciTE
—> JURCUMES AUX HEURES JE PANE

= VAR(ATIONS CYCLIGUES IE ARbEx
E Q& JEPARTS

° LA CRCULATION CoMmNUVE
AUCUNG AVIE UUWE QUE LEvoLlTIoN vrRue

IV COURANT JE CIRCULAIION A ENTRAINE U ARRST
DES VEMCULES.

—  ON QUnpNEUE IEVX PBESIMES :
o LE PEEIME PERMANENT (SIANOUNAIRES)
CE PBEEING LIETARLIT AV 20ur JIVN CERIAIN

[ENPS DE RONCTION MEMEMT QU SKSTENHE, L3 LOS
STANSTI QUES DEI ARRIVEET EF DEPARTS RESRNT (S MG,
o LE PES6/ME TRANSITOIRE

LES CONDITIONS D/ARRIVEES & D€ JCPARTY
CHANBENT DANS LE TENPS. DI RRICIE A ANALYCER
THEORIQUEM EN T,
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— LE TRAITEMENT MATHENATIQUE A €TE

LINITE AUX PROBLEMES QU TYPE " BARRIERE"
JONC A UN ELEMENT JILCRET [ posrE Y)E
PEACE, CARRE FOUR, PLACE DE SPATIONIMEMENT),

- (ES S CoMmMUS(SECTIoN DE RoutE oUIDE CDF
oV LA REAION TEPS D€ PAtCoUZJ‘/Je‘BI?‘ &SI
UN EWEMENT CLE) LolT RETOLUS Yap ANALOGIE
AU PROBLEMET DU HPE RBABRIERE,
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Yes

Determine arrival/

service distribution

Y

Deterministic
queueing

CACL p=\u

p<1.00

No

Both

deterministic
?

4

Deterministic
techniques

Simple No
?

Yes

Analytical
approach

Y 4!‘

Les files d'attente

Y

Stochastic
queueing

y

CACL p =Ny

 {

Stochastic
techniques

Yes Microscopic

Simulation
approach

?

Analytical
approach

Flowchart of Queueing Analysis Approaches (MAY‘, {1?0?
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LA CLASSIFICATION DEC SYTEMES

R CMISIFCATION JET PROBLEMES SE F#/T
SELON LES CARACTERISTIOAUT IED ARRIVEES, DS
DEPARTS , SELON LE MOMBRE D& CfMAwvX, SELON
A LONGUEUR AIHISSIRUE DE r FILE D/ATIEVTE
ET SELON LA DISCIPUNE DET PERIONNES ATIEA ~
DANT DAME LA FILE.

JA78/¢ : (L/isg))

A ARRIVEES : MOYEMMET ET JISTRIBUNION TTATISTIGULS

JET ETARTS
B DEPARTS : MOYEMIISS ET DISTRIBUTION STATUS TROUE
IET EARIS |
C MoMBAE Jﬁ(mmu EN SERIE OU EN PARAURE
/| & o0

L U LONEUEVR MAX. ADMISSIBLE DE LA FILS (|3 )

15 (A DSCUPUNE DES MSMBRES DE LA FILE, PAL €X,
PREMIER ARRIVE, PREMIER PARTI.
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pamn—Y

lPove A €T 2 ov A :|

M : YIsFRIBUTION JET EARIT WEE EXP
D i CORRIS COMSTANTE QETSRNINITES)
6 : JSTRIBUNMON EEMERARIE DES ECALTS

(:"‘(_ : DSTRIBYTION ERUANE OEYX ECcarls
AVEC PARAMETRE k.

[PovE disc_on A

FIEO : RRST (N ~FI&ST ovr
IR0 : JERUCLE (N RANDOM QRDER
LIFO: (AT /N~ FleST or7l-

MIES EN CIRCULATION RoumneERE .

- UNSEUL UANAL, WIE OV 6UICHET : POSTE DE PEACE
ENTREES AuX. CARREFOURS, ARRET D'AuroduJ....,

PLUSIEVRS VOET ARRANGEEI EN PARALUSLE : PARCS
PE STATIONNEMENT, PLACES JANMCRASE GARLS,
TERMINAVX D'AUTOBUS, COVR D& CAMIONNAGE . ...

ATTEMTE D'YN CRENMBAU DANS UN COURINT
PRIOR| TAIRE, CARRETORS LANS FEUX, PIETOMS....,
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/ /
o
"—1""‘-"‘ Q@ [eee 4 3 2 | —0—1--—-1-
nput utpu
Single channel with infinite queue Se rv’i ce facility
| rate W@
Max queue length [/ Y /d
A il ‘ 3 2 { ———
e o B N o0 e
rivals Output

Overflow

Service facility

rate
) Single channel with limit on length of queue

Input

Lﬁ—j—h-N .-.M Bﬂqa— —mf

|
Overflow .
2

ol B e

Output
fzez
: .
} Multiple channels and queue length ; M
limitation of (N-M) —
Qutput

M
s "'4
T
M -service channels
each with rate

1. Diagrammatic representation of queueing system arrangements

REF, BLUNDER)
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Classification Scheme of Probability Distributions
Used in Stochastic Queueing Problems? ( 4. MaY, [490)

Arrival Service Distribution
Distribution || Constant Random | Erlang | Generalized
Constant Deterministic D/M D/E D/G
queueing
approach
Random M/D M/M M/E M/G
Erlang E/D EM E/E E/G
Generalized G/D GM G/E G/G

*D, constant mean value distribution; M, random distribution: E, Erlang
distribution; G, generalized distribution.
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LE _MECANISME DE [JERVICE

LE TEMPS DE SERVICE ETT LE TBMPS QU SECOAE
ENTRE LE JEBUT ET AFIN DV SERUCE. CE TEUPS
SE MESYRE ENTRE (LES JEPARTS JUCLESSIFS
(ORI WE FIuS JATTEMIS EXUTE Qud

DE MANDE  COMNTIMUELLEMENT L& NERUICE)

OMN MESURE (A DENTITE )E PROBARIITE &T-

LA FONCTION D€ REPARTITION IES ECARTS IE
PEPART AwT T €T 6;*

LE DERIT DE SRTURATION OU TAVX Q€ ISPART
OV ENCORE CApACUE EST

- L oo JS= 3‘00 /V‘z/")

%

ﬁ--——-—.ﬁ_- ﬁ__--—

. .oc-:Peu_D DU WTEME EUIE

EX :+TEMPS COSOMHE A UME PONPE 4 EXrENCE
EXPONENTIEUE

~ DEPART Dur) CARREFOUR OU J/UN POSTE IE
PEACE
X UMFORME
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% Service times> h

% Service times > nT,

s
CV. (sec) vph

O 228 7 1580
73 250 5 1440

104 2.72 5 1320
236 3.00 4 1200

2

4 6 8 0 12 14
Headways - h secs

" (o) Intersection start-line headways
(Hoffmon Bvde and 47t St. Richmond, Cal.)

100

o]
]

g

H
Q

N
O

| { |

Pump service - petrol, oil,
/tyres.etc.- at service

\k/ | station

Supermarket cash register

channe!
Pharmacy

-~

-
S

-

1

2%, 31, 4t 5%, 6%, 7T

Normalized service times
(b) Retail traffic activities - Sydney region

Les files d'attente

{ (a) and (b). Service-time distributions for various types of

traffic activity.
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Référence: BLUNDEN

(A DISTRIRUTION D' ER(ANG PRACT IE
RN DECHIRE CES DIFRERENTY CAS.

_kut & "
o) = e o ZL%)

ne)

ei Kef s = e 7 DITR. EXPON.

ri K=o .r(i')-T? fovr't*-’-.;;;)/fl‘&

=0 povr t> 7-; CowsST,

el 4
PEUT cTRE EITIMEE PAR: K= _ls

&
%

VALEUR Q€ K &7 EN GENERAL PLus
INOE POUR LA JI1STRIBUITONDES DEPARTS

5 POUR LA JISTRIBUTION DE ARRIVEES .
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o
®

7,
7

Les files d'attente

N2

N\ s
_ Kl =.n
\\& ///f:"4 S(t/ ?,) = G'K:f'r. ?\"t()( K:::T')

o
[0}

©
B

Prob. of service time > t/T;
o
M

\\;’e

AS

025 0350 o75 I-00 125 [-50 75 200

Service time (units of Tg)

Fic. 3.3. Family of Erlang service-time distributions.
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LE PROCESSUS D'ARRIVES

S ECARTT EIRE LES VEW|ICULET ARRIVANT
JOM™ MESURES EN AMorT~DE LA FILE.

LA MOYENNE IE (A JSTRIBUTITION EST

7; ov &

LE eI d/ARRIVEE ETT
2_: —7._—2' ov 7.‘: _3_;??_0_ /00."4/4)

LA DISTRIBUTION DE PROZARILITE DET ARRIVESS
PEVT ETRE REPRESENTEE PaR UNE FONCTICN
ERLANE

JOVVENT ON Peur J& BASER TUR I Fauciion

NEEAMIVE ERPONENTIELLE C DEPLACEE ov
DECOM PSS v LgicyesT LIBRET 6T VEW7CNES

GEMES)
LA(&) =e -t
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PRESENTATION DU PRINCIPE

Exemple d'un probleme déterministe

LES FILES D'ATTENTE
temps arrivees departs arrlvees departs queue
cumulees cumules

a(t) s(t) A(t) s(t) Q(t)

0 0 0.5 0 0 0
20 0.l6666 0.5 1.66666 10 0
40 0.3333 0.5 6.6666 20 0
60 0.5 0.5 15 30 0
80 0.66666 0.5 26.6666 40 1]
100 0.83333 0.5 41.6666 50 0
120 1 6.5 60 60 0
140 1 0.5 80 70 10
160 1 0.5 100 80 20
180 1 0.5 120 90 30
200 0.8333 0.5 138.333 100 38.333
220 0.666666 0.5 153.3333 110 43.3333
240 0.5 0.5 165 120 45
260 0.333333 0.5 173.3333 130 43.3333
280 0.166666 0.5 180 140 40
300 0 0.5 180 150 30
320 0 0.5 180 160 20
340 0 0.5 180 170 10
. 360 0 0.5 180 180 0

TEMPS ARRIVEES ARRIEES CUMULEES

o —
0 éﬁt < |20 lef): 130 {7 f4&9f/q7é5 f’G&f
0 Jfo
120 =« €< 130 alt)- | Att) = [ dt + 4o
_L ;2030'0
c + < 200 =-L tif
180 £ + W)= m 2 At) = [ #8. )t #120
. ’1 180 |
JENRS DEPART S DEPATS  cUh ULES
(APAC ff?f)
F66-

Ot <30 =05 | Ste)<4f

18
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VERICULEY FAR TEC

VEHISLLES

o.e

0.5

0.4

0.3

170
180
150
140
130
120
10
100
80
]
0
GO
50
+0
an
20
in

Les files d'attente

FILES D'ATTENTE
AR PWEES—DERSRTS

100

o  ARRNEES

200 2o 300 400

TEMP 5 (SECD
+ DERSFTS

FILES D'ATTENTE
CIRULES

)
r'/ﬂ/ f/
"y
/i

f)n”qr’r
g

- I‘-"a. "
é? T4 Ay T F T ‘r\‘":'
0 100 )20 200 300 360 400
[ )
TEMP 5 (BEC} o
APRNEES + NERSRTS & QUEME
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ARRIVEES ALEATOIRES

[

JERITS Cg‘MUM TIFS

REF. NEWELL

20
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Al) : STRIBUTION CUMVANIVE Q65 ARRIVESS

N '(i‘) o ISTIRYBUTION CUMVIATIVE D' UNITET QU ONT
CONMENCE LE TERUVICE

S (§ : DISTRIBUTION CUMUATIVE DET DEPARTS

QY : (& NOMBRE ' UMITES &V FIE

R () = A(#)- S(£) LE WONBRE J'UMITES DAM (£
IYITEME

DANS LE (A FIFO oM A:

!

§ U TEMPS D€ LERUCE

dy = (& TEMPS EMRE [E MohowT 00 S A EC
JERVIE £T L6 HOMEM™ 0U jH Carmerces
A ETEE SRUE. ( en EEMSRAL o~0)

LE TBMPS MOYEN PASSE 6N Fus ) ATTEVIE:

Jtn

. _L (/] _
EEPIALY

J-H
LE TEMPS TOTAL PASSE EN FUE YATTENTE Povr Uss
VEYHCUES [+l A jtn EIT ECAL A (A TRFACE
EMTRE A(t) & (S(T) & LET 2 UEWES HARIzoADHE
FORMEES PAR | & j+tn
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LE AS JETERMINISTE

BEACCOVP D5 rs av PrRATIQUS PEWEMT
ETRE APPROXIMES PAR e NSTRIBUTION
UNIFORNE JeS ARRIVEES €T JES DEPARTS ¢

IL YA IIFFEREMY (A IMTERESSAMT 00 /L
YA DES FHES er J&r RETARIS (MENE I/

ye)<)
o SERUCE INTERRONPU AUC yef (RSUX..)

o INTERRUPTION CAWEE PAR JET INCEMTS
OV JET ACCIDENTS OU IET REDUCTIOUS
TEN PO RARES DE CAFACITE

o SJURIATURATION AUX HEURES JE POITE

o VARIATIONS CYCLIOMES DET IERITT DET
ARRIVESS ETIET DEPARTS
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JERVICE INTERROMPU (FEVX)
C-= C"ydx.
g = Temps de verl
« dbit d'amiée
e dé:t de saturation
Y *3.?- charye

—— -~

TA %)= (p‘,
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BULVES

,.
Oeter a=j7¢t
ret ST @’j?dt “f(7-:)a£f'
? r
T < 't'sC | Q=0
DSSIPATION DE A FILE T QUAMD &:a
a=?t~st+.rr
T
RETARD
T

D - L"-Cy-:)f-rrT--‘;-_’-'-t
z g ye 2 _r® 3
(1) T3¢ | Zetrgy "o
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Case |: Capacity > Arrivals

Time
(LA 7777 Y777 7
Red Green
E

Case I1: Capacity

Time

Figure 8.17 Representation of queving ot a signalized intersection,
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INCIDENVTS, ACCIDENTS
REDUCTION DE CAPACITE
LA CAPACITE EST REIVITE A ,@:.’

N
\
A{H“?t )
5{‘(15) = stfstb (1-g)
Se=pst ( I’
'!J.LI' >
e Temps de b T
Dévect P«_}- Enlevem.
ARRVEGES .
O<¢tegT a(t")-q A(t-):—. f?d,t-?t
JEPALTS

0<t g ¢, 5(e)» ps Jit)= fﬁ“‘t /“t'
Yt T Sit)= s JY)= frifrf,@xaw
QUEUES

T fqdf fﬂﬂ“

GetsT Q- fcét f,,a—f/;:dt
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DILSIPATION DE LA FILE D'ATTEMIS T ( ¢ <0/

Q= qt-ct+ 0t~ =g ()-T(s)
l— T tg((-é)
((-i).
PETAEM

]?Ww fﬁ“"’w f/rt ft;(l-ﬂ)aﬂt
r
] [KE] [ -eaeA]

3

J-
J-#}-—

2

%_Z + ol 7-{/-/3) + L;"bf ([-ﬁ)-;&‘(/ﬁ)
2L/
b Jz%--{,f) f}f‘ﬁf{
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EXEMPLE:
TUNNE L A 2 VUIES, yiy INCIYENT SE
PROJUT A L'HEURE D€ POINTE | Qui MECEHITE
A RERMETURE D'UMS VoIE PENDANT 20 MIAIVTES,
CAPACITE DUNE WIE 1250 vfh. DEBIT DRLRIVES
2000 v/h. A CONGESTION QURE PEMDANT CONBIEN
DE TEMPS ¢ COMBIEN DE VEMIOULES LONT IMPYEUES.

Ll 0N PEYT LUMIMER L' INCLIENT APRES ISHIN.
AUEL SERA L& BENERCE 2
g= 2000 vfh ~ $= 2600v/h =05

T"'[té') bb = '5"5_5:‘20“5'0 min.

3= 35 (y-p)ty = g (0.6-05)20 = Imin ¥<s

_ _ 2000 .o ;
N=gqT = £72.40 /630 veh.

_ /30w
D 3600

= (0% heures
>
15 MINVTES _
T= 338 mmn D=2mn #9s
N = 1250 véh D = S € heures
DONC REIUCTICN IE % du RETAR) TOTAL

28
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SURSATUPRATION TEMPORAIBE

A Alt)-q8 #gtp (2,
l
Al)-4E /| Stt)=st ,'
|
|t Ir_,
Durée de
ta.foinh
ARV EES :
0<-b¢b,, alt)= 4 Alt)- foz,c,abt oait
GIEeT g A L
JEPARTS
0ztsT S =5 f{{j-ﬂd& =¢t
'ép cteT ’
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Disst PATION DE A FILE
Q- A,T 71‘/‘ *"“]{' Ir*(r.r)?'i-cftl,(u-()

[ _&‘t (o-1) 1
. ,- % )
/"25774_2,2

R f.a,ut f(7t+7t(a< i - fi-alf

2[4 [f—*—wtf@*] [£]

_ 9ttt (x=)”
J = ?z(:-p -?—4 (x-l)
z$_ @': (oc-l)(ggc—/)‘(
(! Q

MNBRE )6 VEMCULES IMPL|RUES

= - _ 4% (s+)
N=qT =sT '(P"'g)

RETARD MOYEN
lj)' < 2 (4204-!)
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» o FREEWAY
MANAGEMENT

of Transportation

Fedea igiomay HANDBOOK

FREEWAY MANAGEMENT
CONCEPTS

COMMUNICATIONS SURVEILLANCE

DECISION
PROCESS

ECONOMIC
ANALYSIS

LANE USE

CONTROL CONTROL

CENTERS

INCIDENT RAMP
MANAGEMENT CONTROL
INFORMATION HOV
DISSEMINATION CONCEPTS
Report No. FHWA-SA-97-064 August 1997

wwws itedoce, Fhwa. dot gov./
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A

US Department of Transportation
Federal Highway Administration

A Freeway Management
Handbook

Volume 1: Overview ]
Volume 2: Planning & Design
Volume 3: Operations & Maintenance

Volume 4: Annotated Bibliography

May 1983
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Cumuiative
Volume

A

N
SIRERNNNAN
R

Y L
N o
\'\\\ "\T\.t\\‘
\n\.\.‘\.\\":_

\

Figure 3.2. General Delay Condition
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LEGEND:
Sl - capacity flow rate of the facility (vehicles/hour)
S, - initial demand flow rate (vehicles/hour)
S, - initial bottleneck flow rate (vehicles/hour)
Sy, - adjusted bottleneck flow rate (vehicle /hour)
Ss - revised demand flow rate (vehicles/hour)
T 1 - incident duration untii first change (hours)
T, - duration of total closure (hours)
T, - incident duration under adjusted flow (hours)
T, - elapsed time under initial demand (hours)
D - total delay (vehicle-hours)
TNF - total elapsed time until normal flow resumed (hours)

Note: Tq is independent of other times.

To compute delay under general conditions:

D =[T2(5,-5,) (5.-5,) + T2 S, S, + T2 (5,-5,) (S4-S,) - T2 (5,-5.) (5,-55)

B 0 Tt U M B 271757 "3V 5T 4217727275

+ 2'['1 'l'2 51 (55—53) + 2T1 'l'3 (Sl-Su) (55-53)
+ 2'['1 Tu (51-53) (52-55) + 2T2 ‘1'3 55 (51'54) + 2T2 Tq Sl (52-55)
P 2T, T, (5,5,) (5,-59)| /2 (5,-5)

To compute time until normal flow resumes:

(51 —55)

34
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TABLE 3.1. TYPICAL FLOW RATES FOR DELAY ESTIMATION

NUMBER OF CAPACITY IN-LANE SHOULDER
LANES FLOW RATE = GET-AWAY INCIDENTS ACCIDENTS
IN EACH FLOW RATE (VEHICLE/HR)- (VEHICLE/HR)
DIRECTION (VEHICLE/HR) ONE LANE BLOCKED
S, S3, S3p
2 3,700 1,300 3,000
3 5,550 2,700 4,600
4 7 400 4,300 6,300

35
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JELAY CONDITIONS FR SIMPLE BLOCKAGE

Cumulative
Volume

- TNF >

Condition 1: Simple Blockage

Condition | is known as a simple blockage. The number of vehicles that would have
been processed if the incident had not occurred (the demand flow rate) is indicated
by line S3. The number that actually processed at the reduced flow rate is shown
as line S3. The duration of the incident, from the time of occurrence until
clearance, is represented by the interval T]. After the incident has been cleared,
the queue of vehicles delayed by the incident will move past the site at a getaway
rate of Sy, approaching the capacity flow rate of the facility. Traffic will continue
to flow at this rate until all queued vehicles have been cleared.

In this case Ty, T3, and Ty are zero; S = S5; and S3 = Sy. The total delay is then
given by:
T2 (S, - ) (S, - S.)
D=_1"71773"2 ""3
2 (S1 - 52) (3)

The total elapsed time until normal flow resumes is calculated by:

TNF = Tj (§) - S3)
(4)
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FIGURE 3.3.2. DELAY CONDITIONS FOR SHORT-TERM CLOSURE

Cumulative

Volume
A

s e ———— - — —— — — - —— —— —

%—TI—.‘L-TZ-I time

“ TNF »

!
Condition 2: Short-Term Closure

I? this condition the freeway is entirely closed for a period T2 in order to remove
the incident. Once cleared, flow returns to the getaway value Sy. In this case, T3
and Ty are zero, and S = S5, and Sy = S|. Therefore: |

2 2

=113 B 7% r 3% M8 S -8
2(51 -52)
™NF =11 6] =59 + Tp S,
5, -s) ©
1~ 72
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FIGURE 3.3.3. DELAY CONDITIONS FOR ADJUSTED BOTTLENECK

Cumulative
Volume
A

Y

time

T Tt

« TNF >
Condition 3: Adjusted Bottleneck

A U

In this case the capacity available is increased prior to total clearance of the in-
cident. For example, two lanes may have been blocked initially but one is cleared
prior to total removal of the incident. In these circumstances Tz and Tq are zero
and 52 = 55, hence:

2(s, -5 )

2)

TNF= 1181 -39 + T3(5, - '5)

(®)

38



K. BAASS Les files d'attente

FIGURE 3.3.4. DELAY CONDITIONS FOR REVISED DEMAND

Cumulative

Volume
A

Condition #: Revised Demand

This case illustrates how total delay decreases when the demand rate is reduced
during the incident by planned or unplanned diversions of upstream traffic or by a
decrease in demand at the end of a peak period. In this case, T, = 0 and S5 = Sy
and the equations become:

2 2
Ty (sl - 53) (S5 - S5) - T, (5, -S,) (s, -55) +2T, T, (s1 -53) (Sz" s,)
2(5l -55)

D =

(9)

INF= 118y =Sy + T, (S; - S5)
5, -5, (10)
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Time

umulative
Volume

Figure 3.13. Maximum Queue Conditions

40



Les files d'attente

K. BAASS
QM = TS, + T S~ TSy - TS, -7Ts,
CASE | RANCE OF T, CRITICAL TNF T T,
1 o T, < THF 0 0
n 0«1"11'1 (Tli‘t:):ﬂﬂ‘ Tt -7, 0
(T, + T, + 7)) < TV TeT,¢7, -1, 0
T, & TNF ) o
1n T« T 2T +71) (T, +T,)) < 0¥ T, +T, -1, 0
(T, + T, + 7)) <TNF T +T,+1, -1, 0
w (T +T)) «T (T, ¢+T,+7T) (T, +7,) < NP +T, 0 (]
(T, + T, + T,)) < TNF Tt T, -1, 0
T, < TNF 0 -T -7 o
v T (T e1,41) (T, + 7)) < ™™ + T, o 0
(Tlf'l'z-tTJ)}_TNl' +'r2+'r:Il (1] 0
T, < TWY 0 T ~T =T~

Figure 3.14. Maximum Queue Parameters
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Table 3.3. Reductions in Delay Due to Improved Service Parameters

DELAY REDUCTION

SERVICE IMPROVEMENT PEAK FLOW OFF-PEAK
CONDITIONS CONDITIONS
(%) (%)
5% Improvement in Bottleneck Flow Rate (S3) 8 21
10% Improvement in Bottleneck Flow Rate (S 3) 16 40
25% Improvement in Bottleneck Filow Rate (S3) 38 88
25% Reduction in Clearance Time g i 16
(8% Overall Reduction to Ty) '
50% Reduction in Clearance Time 19 44
(17% Overall Reduction in Ty)

20 Minute Earlier Demand Reduction 32 | o*

10% Demand Reduction after 40 Minutes 14 o*

20% Demand Reduction after 40 Minutes 25 o*
{

*The off-peak traffic volumes of this example are not sufficient to be affected by these demand
reduction situations.
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ANALYSE STOCKASTI QULE
LES UYPOTHESES SuIVANTES IOWENT ETRE
JATISFAITES POVR AW ON PulSSE CONCLURE GUE
LES ARMVEES OV DEPARTS SOIENT GOWERNES PAR.
LE HASARD ¢

[ ) L' ARR) yEE DIUNE AUre &7 IMIEPENIANTE IE
CBUE D'VNE AUTRS (TUDEPENIANCE DES ALLIVESS),

2) IL M ARRIVE JAMASS DEVX VEMCULES 0U PLus
A LA FOuS.

3) L& TAVX MOYEN JES ARRIVEES UE VARIE
PAS DANS LE TEMPS (STATIOMVAIRE)

—  LES DEVELOPPEMENTS POWR LE (A4S DE TR/ -
BUTIONS GENERAES SONT EXTREMEMENT LONCUES

ET D)FFICILES.
— CAS LE PLUS SIMPLE €T VIILE M/M)) - (o0/Fir0)
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E{A(t)} =NF(t)

=
-
## -

P
|
\
\
\
-q—\——

Cumulative flow

Binomial input

Time t

Cumulative flow

Timet

(b)
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ZEMAPAUES

* LES SoLUTIONS D U PoleHs e
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QONC  ON VMVIS46E DE Soto 710N S
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EOUILIBRE STRTISTIQUE)
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Y AT UM VERICULE DS LE SKITEME EST
[ NDEPENIANTE DU TEMPS,

PoUuR DEI PRORLEMES TRANSITOIRES ON (&
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DE A SIMULATION.

L)

L EQUUILLBRE Jmnmau,s NERISTE RUE
1 y=F (p-= /“ , 1N 14 e
V4 EN QMMDUMNI‘ ,4:/6(3 (& TEMPS.
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DEVELOPPENENT QU MADELE MM} : (oo AR

DEFIN|SSONS

P(£) PROBARILITE QUE LE SYSTEHS CONTIEME
n VENICULES AU MOMENT t.

(f, tat) VN INTERVAUE D€ Temps L Covrl, au'lc
VE CONTIENT 0 ou ) VeWCuE.

A At PROBABILITE U 'IN YyOHCULE EVTRE
PENDANT L' INTERJAUE at.

[~ Lot PROBABILITE GUAUCUN VEMICUE ANenTRE
DANS LESVITEME &J ot
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46



K. BAASS Les files d'attente

L' ETAT DU SYSTERE CONTENAT EXACTENEIM
n VEHICULES PoJr SE 2EALISER DE 7ROUS

FAGOMS. SA PROBABILITE SE CALCUE CoMME
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t ET AUCUN VEMICULE N ARRIVE
A

T T~ _’_—fh |
|
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t at
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2) LE SYTEME EAIT A L'EAT (n-) AU
MOMENT €t ET UN VEUICULE ARRIVE DANS

L INTERVALE. ( | ARRIVEE, ODEPARTS)

A ~|
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|
l
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t at
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 (40t) = Bl - datpeat [ + Qs B, (¢)+
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ot — 0
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dt
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L' ETAT DU CYSTEME AVET EXACTEREUT
0 VEMICULES PEVUT SE PRODVUILE DE DEVX
FAGONS.
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Figure 8.1 Average number in system as a function of  Figure 8.2 Variance of number in system as a function
traffic intensity.} of traffic intensity.’
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Single-Station Queuing Relationships with Poisson
Arrivals and Exponential Service Times for

Steady-State Conditions (MERE)

Queueing modelt

Description of model

toen = ()" (1-2) < (orct -

P(n) = probability of having exactly n
vehicles in system

2 n-= p i e 1—!_1; n = average no. of vehicles in system
__Ap Var (n) = variance of n (no. of vehicles
3 Var(n) = (=22 (1-p) in system)
— A2 2 _
4 q q = average length of queue

f(d) = probability of having spent time
d in system

d = average time spent in system

K’ A
7 w= A —d - 1 w = average waiting time spent in
plp ~ ) " queue

a de < t) =1 He'-(l—ﬂ]#f

P(d <t) = probability of having spent
time t or less in system

9 p(w =<t)=1- pe-t-om

P(w = t) = probability of having waited
time t or less in queue

T A = average number of vehicle arrivals per unit of time
K = average servicing rate, number of vehicles per unit of time

p = traffic intensity or utilization factor = \/pu
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RESUME DES FORMULES PoR LE CySretre

MM /&

Multiple-Station Queuing Relationships with Poisson
Arrivals, Exponential Service Times, and Leading Traffic
Unit in Queve Moving to First Available Station, for

Table
7-9

Steady-State Conditions

Queueing modelt

Description ¢f model

1 /AN
1 prn;=m(;) p(0)
forn=0,1, ... ,k-1

p(n) = probability of having ex-
actly n vehicles in system
for0 =n <k

1 A\~ P(n) = probability of having ex-
2 p(n) = Ktk (p,) P(0), forn = k actly n vehicles in system
forn = k
3 0) = 1 p(0) = probability of having zero
p(0) = k=t o vehicles in system
[E l(i&)"] L1 (L)k_*j‘__
=t k'\p/ kp-—-2x
= Ap(N )X A n = average no. of vehicles in
=G Wik -2 PO 5 system
—~ Ap(N p)* q = average length of queue
9 i A PO
< (N p)* 1 d = average time spent in
8 = kT o PO system
7 W (N p)* w = average time spent waiting

Tk - )ikp — A)z'P(o)

in queue

4 aw P(n = k) p(d =<t) — probability of having
8 pd=f=1-e {1 * k spent time t or less in
1 e AE-me- ] system
T kY~ Gy |
o - kY = o .
PRV 1 0 p(n = k) = probability of having
9 p(n=k) = 2 P(n) = (E) — PO to wait in queue

n= k! (_1

- _’t)
uk

t k = number of service stations or service channels, each having a servicing rate u

Aq =mean arrival rate per station
A= kAJ'
p = Nku = traffic intensity
Source: Wohl and Martin (1967, p. 368).

0 . L 1 A waiting Hne foran
E(wlww} A~ Sk a-m'-mt whowal
Probabifity of wa.‘al\i.cj for an

" g"*' ,
PN’K =% Tk ((=8/c)
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EXEMPLE  M/M/K

STATTONNEHENTS

TUH T
(@l ARRIVEES Q= Fa/h

— JUREE JE STAT. ExpPon

——— 7‘03‘&(/0.-2)
QUEUES SONT (T (ARACTERISRlaES &

k=5, ),=¢V/A ~2v/h 5::-_.._=Z
Plk=0Y%

a) (A PROBABILITE DE TROUVER UNE PIACE LIBRE :
/ )
?:: = 3 =

257+ )+2 +-—+§—+Z* &

—F
h=0 : k!(1- Pl 3! +f"f‘

?0 bod 0; ’3%2
b) LA PROBRARILITE QUE n VENMCULST STATIOMMNENT

& = /-%'/?n-l
P, = QA1R¥2
P, = 2P = 0265¢
-?Z . P' T 0,268‘
P) = %Pz,=0f'}3/
Py e 2y a" 0,0869%
pf s 2/3-?* = 0,038
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C/ LA PROBABILITE QU UN VEWICULE DOIT ATTENIRE

ML ARRIVE.
k¢l 5

= QP =
hoe= b k! (1~ §/d 'mf’

d) LE NOHORE HoYEN DE YekCULE Quu
ATTENIENT POVR Auoie UNE PLACE VID&

(A
“ p kel J b8
7" L, z’K (1-52/) 0"3?‘?.:‘/5‘06 vel.

=0.02
06 i

e) (£ MOMBRE NO/EN DE VEHICUIES ATRENDANT
5| LE STATION VEREMT EST OCCUPE.
b(q/qvo) —Lg——- 1,6 véhieules

-~ K

£) LE MoMRRE MoYeN IE VEMCULST STANONNEY ET EN

ATNENTE
Eln) = p + €(9) = 20,0298 - 2.0+ veh,

4) TETPS MOYEN UM VEMOLE Passe B SN VRO~
& EN ATTEME

ZT=- &Yl = 20¢/¢=05k

k) TEMPS MOYEN PASSE eN ATTENIAMT UME PLACE

UERE

J < o_L"/'-'; < 05/-04 = 001 &
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M/H o
JYSTEMES AUVET UN MOMBRBE oo DE GAIAUX

EXEMPLE : S7RTIOMMEMENT AVEC DE AOMIBREUSET
PLAC

/zl:ﬁl- ?0 S I S - = @
k=00 f .!’"/,\!f- f“/k!(l-—y/r) e’
no

LE MIMBRE MOYEN JE YEMCLES JANS LE SYSTEMES :
e 2
E[h) = 2 ub)q&(@j_f;--ﬁg

Ne O
ef
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o (E NOMERE MOYEN JE VEHCWES QANS LE PaRC.
E'JT K-( E : f

[n) f ZL

CECI Peyr ETRE CALCULE A L'AWDE DET TABLSHN
DE Po1sron,

EXENPLE:

MEMES DOMNIEES QUE PRECSIEMMEIT GAVE QUL LET
CONDUCTEVRS N'ATTENDEMT PAS IE PLACE LI1BFE.

WAt ol 922, oy
A PROZARIITE D'UNE PLACE LIBRE :

A 2 ’ L 2.2 *0/3%
H---r? '57—*72'7' »

=2/)P: 0,242
? =2/2P =02¥W2
P, = ‘Pg < M35
ry %/r P =0,09%
Py = 2/s ?? s 0.036F < Frobab./ite’ gue Ynveliicule
e ety

LE NOMERE  moyeN DE VMl cuees STATINIES

Eln)= 2+ 23E s 92
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JY(TEnES  AUET PERTES

JARTICULICREMENT JANS LE C8 U STATTONNEMEM™
L SE TRoys SOVVENT QUE UT VEMICULEY, QUL
NE POUVENT 148 TROVIER DE PuAce QUUTTEMT
LA FILE.

P =0 our n> K
0 g

o [A PROBARILITE QUE n VOHCWLES LUV STATIONNES:

n/,,l
a. §P§ ool

L =0

pour nt 94 ... K

® (A PROBARILITE DIUN STADIOWEMENT LEBEE :

R
W

t30
o LA TROBARIITE BLL'UN UVEHCUE ARRIVAWT ME
PeUr PAS STATIOMMER (= Kk PLACES JoNT occurass)

P“/K!
e s pH!

DAL
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DISTRIBUTIONS MIN_ERPONENTIEWSS DET TEIRS
SI (A WETRIZUTION DET TEMPS DE LERVICE EC7~

QUELCONQUE or0 PEVT UTILISER A meﬁudf 2
POLLACZ AK— KHINTCHIME PoUR CALCULAR (&
RETARD moYEN DANS LA FILE wwm*

W = 2{'}3) 7—(/"' )

Ke G
E.::'-
[ Y 3 K

POVR SERUWCE RECEUWER  Keon
R A
2(l-¢)
QU O DE SERVICE EaPONEN/TIEL.,

Single-Station Queueing Relationships with Poisson
Arrivals and Constant Service Times for Steady-State
Conditions

Queueing modelt Description of model

1 g= 2p — p* g = average length of queue
2(1 - p)

2 d=52"P_  g-=average time spent in system
2u(T=7) g P g

3 W=512— w= average waiting time spent in queue
2u(1 - p)

t A = mean arrival rate

w = constant service rate

p = traffic intensity = AMpu
Source: Haight (1963, p. 60).
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REMARGUES GEMERALES

o (A REIATION EVTRE DEBIT ET™ RETARD
DEPEVD DET Ny POTHETES FAMES POUR LES
ARRIVEES ET JIEPARTT,

o LE RETARD TEND VERS 00 (ORIAUUE LE
DECRE IE LATURATION L& RAPPROONG D& (.

o POUR P20 (£ RETARD TEWD VERS L TENPS
MOYEN DE SERVICE (/-t; )

o REIURE (A VARIANGCE DS LEL NS I/ ARRIVEE
ET DE SERVICE COMTRIBUE A REDVIRE (3 RETARDS

JVRTOUT pouR p PLus EpAnd.

o ON AMEUORE JENS)QIEMEM™ L'ERFIORCITE
DE L'OPERATION EN AIOVTAKNT DET LUAUA,

(WIR  F16umeE)
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50 -

L]

=

Sao

°© Random arrivals and serwce

£

= Random arrwols

o const. serwce

L 30 }

> | /

o Const. arrivals

“ random servic

[ -

3 20

E Delay in //

c queue Const. arrivals

const._service
g\ —_
3 ]o —
(]
02 04 06 o8 10

Traffic intensity - p

3.6. Delay flow characteristics of single-channel traffic element for
certain limiting arrival and service distributions.

@
o

G,
o
O ——

0
<
“Iu-.‘..-

Delay in system — service time units /unit
w H
(o] o

NN
®

é

\

02 o4 06 08 10
Traffic load /channel - A/M

F1G. 3.7. Comparative performance of multi-channel queueing facili
with same load per channel.
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EXEMPLE :  ARRET D'AUDEUS

(6S TENPS DE CHARCENENT &T IE DECIHALE EVrEIMT
ONT BYE ORSERVES A UN ARRET D'AUTORUS.
(220 ORLERVATIONS). QUEL E3T LE DERIT DE
JERVICE MAXIMAL JE L' ARRET ET QUEUE EST L4
RELATION DER(T - RETARD 2

Smax = ‘:0 - {gﬂf;— = /2! bussh

POUR OBTEMIR L RETARD, oy YTHISE (' EQRuUATION
POUACZAK - KHINTCKINT.

ﬁ=—3—’7'?_(/+-6-;£—:)
S

2(1-¢)
AEC T ~ G 263
7s = a2 min ET xS 20,303
¢ 297

PAL.BR : 7:2 =60 bui/h
4
f= .;-89’- 0S5 |
T = ;;:_ 0.45( 1+06,203) = 0,22 min

RETARD DANS (LE (YSTEME :

Ad=w+L=0g22+00 082 min

Kede=3 AUx Jausas/ (S TRIBUTION ERLAN E
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25 _ f !
E
o 0 |
é -5
. / |
/ |
_:: |-0 / I
- |
§ 0'5/ |
|

20 40 60 80 100 ITO
Bus frequency / hour Capacity

of
bus stop

Fi1G. 3.4(e). Total delay (i.e. loading time plus waiting) suffered by buses
at kerbside stop.
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TABLE 3.2. FREQUENCY DISTRIBUTION OF
LoADING/UNLOADING TIMES FOR A SAMPLE OF BUSES
AT A CENTRAL SYDNEY Bus Stop

Loading/unloading | frequency

times—7 (sec) f fxt fxe?
0-5-9 4 12 36
6-11-9 19 171 1539
12-17-9 32 480 7200
18-23-9 44 924 19,404
24-29-9 33 891 24,057
30-35:9 22 726 23,958
36-41-9 17 663 25,857
42-47-9 16 720 34,200
48-53-9 11 561 28,611
54-59-9 9 513 29,241
60-65-9 6 378 23,814
66-71-9 5 345 23,805
72-77-9 2 150 11,250
78 0 0 0
220 6534 252,972

Therefore T, = 29-7 sec and 0,2 = 267 sec?.

TABLE 3.3,

Flow Traffic load Waq w
q/hr A(=p) (min) (min)
0 0 0 0-50
20 0-17 007 0-57
40 0-33 012 0-62
60 0-50 0-32 0-82
80 0-66 0-64 1-14

100 083 1-57 2:07
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