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Abstract

The introduction of tricycles and the removal of wer bikes in many cities of
Nigeria have made the transport system more compdexd increasingly congested.
Traffic delay due to incidents is estimated usingdaterministic queuing model that
assumes that traffic arrival rate, capacity reduati and incident duration can be
identified exactly. Major road junctions and linkoads in the city of Warri and
environs experience traffic jam or road block dailjfhis work determines maximum
delay time on a link road to a major road junctiorA queuing model of the traffic
situation has been formulated and illustrated numeally.
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1.0 Introduction

Traffic congestion causes delay of vehicular movwanand negative environmental effects arising froigher fuel
consumption and combustion. Traffic flow is a stneaf vehicles (particles) subjected to the lawlofdf dynamics. Traffic
congestion may be as a result of incidents on itleway. Incidents such as broken down vehicle aliwegroad, pot holes
(bad spots), wood or trees falling across the readng parking or vehicular accidents. AccordingSkabardonis et al. [1],
incident is any occurrence that affects capacitthefroadway. Traffic congestion leads to decrepBow rate. In this work,
we present a queuing based approach for estimdgtays caused by traffic incidents. We are worabdut the traffic
situation at PTI road and the entire road junctimng/arri city. The blockage of the Eku axis 0€tRTI junction was as a
result of the beautification project of the Goveamnof Delta state. What originally took about 23ominutes depending on
the density of the traffic, now takes about 15m@suto 1hour . Hence, it is the aim of this papepresent a model for
estimating traffic delay. For performance evaluaid freeways under incident conditions, it is impat to estimate average
delays due to incidents. This is possible in siturst where there are intelligent transport syst&r), Applications such as
route guidance system (RGS) and freeway trafficagament system (FTMS) are good examples of ITSsd& bpplications
provide information that help individual driverseiatify optimal routes based on current traffic dtinds. But these systems
also have their short coming in the sense that tm#y provide information like when the incidentoocred or detected and
current status of the incident (removed or not)weeer, the link demand volume is not stated. In tie@e situations, the
incident duration is unknown.

Fu and Rilett [2] were of the view that incidentaleis best modeled by a random variable that s the stochastic
characteristics associated with the incident rathan using a deterministic value. They noted thatvariance of incident
delay is ignored when using a deterministic modeinoident duration in real- time situations. Bal/kaursoy et al.[3]
presented a comparative approach of delay estimétiotraffic flow interrupted by incidents usingrailation models and
gueuing models. Previous delay estimation studieketincidents usually employed either queuing rteodevarious traffic
simulation models consistent with shockwave thgmgposed by Lighthill and Whitam[4]. Morales [5]aegsdeterministic
gueuing models as an analytic procedure for estigatelay under a specific incident scenario. Chiéjnand Wirasinghe
[7] used shock-wave theory in estimating delays strmlved that total delay estimated using shock vemadysis technique
is identical to that obtained using deterministieging models. Rakha and Zhang [8] demonstrateddhsistency in delay
estimates derived from queuing theory and shockewavalysis and highlighted the common errors thatraade with
regard to shock-wave analysis delay estimationabletalso is the contribution of Melout et al. y@jich developed a robust
decision support tool based on simulation optitidrafor mitigating traffic congestion. Al- Deek al [10] used shock-
wave theory to develop a method to estimate intidelays for cases both with single and multipkidents. Several
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models focus on individual vehicles and their shgvbehaviours. Some with exact optimization apph®s such as the
cutting plane algorithms (Pesenti et al. [11])pjodptimization problem following Wardrops prinaégl (Chiou [12]) and
using different types of modeling programmes (Marel Kamayab[13]; Ukkusuri and Waller[14). While eth with
heuristic approaches include, an ant-colony basethmeuristic (Poorzahedy and Abulghasemi, [15])tigda swarm
optimization (zhang and Gao [16]). However, in thisrk, we are interested in the causes of trafétags in the city of
Warri and environs and the maximum delay time femall incident at a major road junction. We wil@amake suggestions
on how delays could be reduced or eliminated te gray to free flow of traffic, especially at roathgtions. In section 2, we
present the assumptions of queuing model as ittaffeaffic flow. In Section 3, we will introdudbe method utilized to
evaluate the traffic delay while a numerical ilhasion is given in section 4.

2.0 Assumptions of the Model
Since this model is deterministic, the probabitltgtributions are not required to describe thevatrand the service patterns.
Here, the arrival rate is random and constant &edservice times are also constant except intexdupy incident. The

service pattern is in the order of first come tfgsrve basis. As such, if the arrival raté isthen the inter arrival time will be

a. similarly, if the service rate ﬂs/b, then the inter-service time will be b. Thus,

i) When b<a, the service time is less than therdatgval time. This implies that no car will hate wait and the queue will
go on diminishing.

i) When b=a, the queue length will remain constégo , no car will have to wait.

iii) When b>a, the number of cars on the link ramateases indefinitely. Thus, oncoming vehicle Wwale to slow down and
possibly wait for some time before crossing thedrpsction.

3.0  Queuing Model

Using the Kendall's notation (A|B|C) for queuing adets where A represents the arrival process, Besgmting the
service process and C denoting the number of seoraihe capacity of the queuing. The arrival psscend the service time
are independent of each other. The arrival rateggp on the number of vehicle already on the rohd.model is assumed
to have a Poisson arrival while the service tineeagsumed to adopt exponential process. In angly&hicular traffic
flows, the service rate (vehicular travelling speischssumed to be a decreasing function of thebeumf vehicle on the link
road that represent the congestion caused bydnadfume. In this model, vehicles are considerasielling on a road link
which is subject to traffic incidents. The spaceupied by each vehicle on the road segment is deresi as one ‘server’
which starts service as soon as a vehicle joinditkeand carries the ‘service’ (the act of trairedl) until the end of the link
is reached. When a traffic incident happens, eitlidinks leading to the road junction or parteoffane is closed to traffic. As
a result, all vehicles coming from either directimavards the incident slows down even if all theela are not closed. We
model these interruptions as a partial failure wregrvers work at a reduced service rate. Thecserate of all servers are
restored to their normal level once the inciderdésired.

Let A denote the arrival rate and p denote the sereiteédeparture rate). If there are no incident orise interruption,
then the average travel time is an  A{Bfjueuing system experiencing service interruptidhs, expected number of
vehicles on the link can be represented as;

Aizﬁ-ﬂ /l|
“(u=A) e’

That is, the number of cars present on the quaigthbe number of new arrivals and the ones crogbimgoad junctionl is
the length of the link road in question. The ager&ravel time on the link is the expected numbevehicles on the link
given the arrival rate; that is

T = E (No.of vehljle onthelink) @)

The average number of vehicles on the ligkifhplies that the link cannot take more than N benof vehicles
N 1-4
_ (1) Yu (3)
ﬂ B /] )N-Hl
1
¢7

The arrival rate is random and constant such thdtowt any incident occurring, traffic flow is imfite. However, if an
incident occurs along the stretch of road (roakl)iall the vehicles plying that link road will Berced to slow down or stop
before the incident spot. During this period, theewg grows and the link road can only accommodatautdber of cars.
Vehicular movement is virtually at a halt and tledag time becomes higher. Thus, the vehicle reacthiare, after the
Journal of the Nigerian Association of Mathematic&hysics Volume 25, No. 2 (November, 2013), 2384 2

232

E (No .of vehicles on the link ) = @




Estimation of traffic Delay Using Queuing model Ojarikre J of NAMP

incident, experiences maximum delay. Vehicle angvihe spot after the incident has been clearedtendueue dissipated,
experience no delay. The maximum time of the iectds

e
=T+ k (4)
Tl T ( /J _A ]

If the vehicles arriving at the incident spot stEntming queue and the queue will not be dissipatetl after the
vehicles traverse the link then the time the incide cleared is a function of the reduced capaaeitsival rate and incident

duration . Therefore, time taken is
O

T, =T+ (k)= (5)
(97,

The incident duration such that arrival time of thdividual vehicle coincides with the time the iohent is cleared can
be derived from equation (4)
p=HA frs_y) (6)
M- U
But if the incident duration is such that the aatitime of an individual vehicle coincides with thieme when the
maximum delay occurs, then Will be greater than N and the vehicles will expece maximum delay. Thus,
p=2(ro-n) (7)

ra

Therefore, the delay is a function of the inciddatation D, the arrival rate and the capacity & tlink road. The
maximum delay time, T* on the link is the time lagtween when the incident occurred and vehiclginlie form queues
to the time when the incident is cleared and thecokes on queue dissipates.

To=T7+24 ®)
k

4.0 Numerical lllustration

A Philanthropic group is interested in knowing theximum delay experience experienced during amémtiat major
road junctions in Warri metropolis. They are alsterested in proffering solutions to alleviate #siess encountered by road
users. On a particular day, a petrol tanker brokendright at the middle of the express way by adrganction.
Coincidentally, an on coming big lorry over loadeith garri and plantain ran into the parked petesiker, somersaulted,
dislodging its content on the tarred road causisgréous road block. If the distance from the rpadttion to the link road
‘round about’ is 2.5km and the distance betweenjtinction and adjacent link road is about 2kmicudate the delay time
on the link roads. Also, if the arrival rate of w&hs at the road junction is 1 car in every 5 selsoand the time it takes to
cross the road junction is 3 cars on the averagé&@seconds per 200M stretch of the road.

Solution
If one car on the average arrives in every 5 sesoniden 12 cars on the average will arrive in gvaninute and
720 cars in 1hour on the average. Thus,
A = 12 vehicles per minute
K = 18 vehicles per minutes without any incident.

Probability that a vehicle will have to wait at tteads junction igh /u = 2/3
that is, the traffic intensity is 0.667. The exgechumber of vehicles on the link from (1) is giv®n

A2 4 144 4
EC) =y +HER (e +18)en
=(19.33)5.078 =98.16
From the lengths of the 2 link roald® the junction is 2.5km and 2km respectiveloriithe 2.5km , we have
E(x) = 98 vehicles on the average.

From (2), the average travel time is

T =29 =216-g 18 mins
A 12 N
2 N 1—
K= (_) [ L1:l+1l
A
Y -(6)
2 5 1_£
=(%) (;) - = 0.132(0.365) = 0.048
1_ —_
3
T =T+ % = 258.18 = 4hr 18mins 11 seconds.
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This result shows that if there is an incidenthéd particular road junction, chances are thatvitacle will have to wait for
at least four hours eighteen minutes instead ofitabi@ minutes. If the incident is such that a e#hiexperienced maximum
delay, then the time it takes for the incident ¢ockeared is obviously greater than N

Conclusion

This work demonstrates that queuing theory pravidesimple and accurate technique for estimatingydeat road
junctions and busy highways. Incident delay traddilly is estimated by using a deterministic motthelt assumes that
duration and capacity reduction are known or caedienated exactly. As a result of the naturewfroads especially the
road junctions, vehicles usually experience deldys situation is worst when there is an inciddohg the road. We have
successfully used a numerical illustration to shioat vehicles experience delay. Traffic delay amdgestion due to incident
on the road way has many detrimental effects whiclude loss of time, higher fuel consumption, whiemission and
accident prone and greater transportation costetJogrtain circumstances, the incident delay has lshown to have a high
variance even when the expected delay is low. Tésdmum delay occurs when the vehicle arrives atrtbielent location or
the road junction first. It is our view that thetst government through the beautification projéousd create a round about
at the PTI — Eku road junction. This will reduce tlength of time spent driving through Effurun —8lapround about and
Effurun —DSC round about. There should be a standéag maintenance agency from the arm of the govent that handles
minor repairs of bad portion of the road way arelfthing of potholes within the state immediatelgtected rather than wait
for the situation to degenerate. The maintenanea@gshould be assisted by the road safety offmedstraffic wardens.
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