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ABSTRACT

Traditionally, public transport services have been planned on

the basis of managerial assessment of the quantity amd location
of the traffic offering. Bormally such assesement would be based
on experieﬁce of operating existing serviceé, the manager's kno-
wledge of his area, the likely origin and destination points for -

passenger journeys, road comrditions, etc.

In the present work, an analysis of.the present operating cond-
itions of the pulblic traﬂspoft.in.a particular bus-route of Dha-
'ka City has been carried out; amd the resource(public traﬁsport)
requirements for a smooth and comfortable journey of the city-

?eople'in,their'dayéto-day'life bas been asscessed.

The relation between services (supply of transporis) and the de-
mand (arrival of passengers) in different periods of the day gi-
ves an idea about the degree of requirements of services for its

smooth operation.

This assessment gives.an,overall view of the state of the public
transport systems and its conditiens. Actual data were collected,
analysis of which yielded results indicating that the existing.
public transport system of the city is in a bad shape. The proh-
lems associated with. the sysiem.have not emerged fram inheremnt
shortages and the size of fleet, rather due to unplanned schedu=-
ling of the transports in the route.



This ~resulted in emergence of a gap between sujplyand demand
from the passengers carrying standpoiﬁt. Scientific wethods av-
ailable in the field af Operations Reasearch has been uged in

the preseht worlk to demonstrate tﬁat better management could be

achieved by use of such methods.
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CEAPTER - I

INTRODUCTION

Operations Reaearch (OR) is the use of scientific moethods to
s50lve a problem under study. which is subjected to constant
interference from the outside world, Teo get solution  under
such conditionds OR makes mathematical models and system
study.

Traditionally , public transport services have been planned

on the basis of managerial assessment of the quantity and
location of the traffic offering, Normally, such assessment
would be. based on_experience from operation of similar systems,
and the system influsencing iactors>sdch,as‘: the likely origin
and destination points for passenger Journeys, road conditions,
etc, If computer and other modern aids are to be msed in serw
vice planming , however, it is usually necessary to knbw fairly-
and precisely the quantitative details.of the system operating
factors mamely : the number of passengers to be catered for ’
their origin and destinations, and the time interval for which

they will be made.

Conceptually, what is reguired in. each case is some method of
asseszsing the factors which dictaté the pttern of travel in a
given area, and means of collecting and analyzing the necess-
ary data. In practice, however, the two cases have been trea-
ted somewhat differently and most reseakch has been devoted.



to the problems of predicting, in the long £erm, the total
travel pattern by all modes §f transport in a given area .
‘This research has been carried out in connection with the
trapsportation studieg that have been undertakeq in many la-

rge urban areas. ‘ -

for assessment of resource ( passengenfcarrying_transports )
requirement during peak-period im a particular bus-route in
Dhaka City , the following stages may be considered :
Collection of data on present day travel patterns by means of
some form of traffic survey ; introduction of planning data
relating to the futurenbattern of -land use.deveIOPment in the
area , together with factors such as expected changes in in-
come and car ownership. This is used in conjunction with the
data obtained above,to estimate the future numbers of trips.

in the area by the use of suitable mathematical models.

The ultimate azim of a tramsportation study is, of course,
to provide that network which is,in some sense,the.best one
‘possible to satisfy the predicted demand for transport with-
in the study area. In view of'this 1t may appear that the me-
thod of testing alternative nmetworks in somewhat. crude , as
there will only be a limited number of networks that can be
tested out of the vast mumber of differemt possibilites .It
might be argued that some procedure for designing a network
autometically on the basis of predicted depands might give

'best! solution with somewhat more certainty.



It would be wice not to go for designing a netwofk,rather
effort would be given to show and analyze the relatiomship
between passengers' demand for the transport and the pass-
engers being served . rirst of all a bus-route in Dhaka
City wouid be selected and then the critical bus~stations
and peak~periods need to be identified to study the demand

and facilities .

A rélation between available service facilities and the dema-
nd is to be brought. The objective thus would be to find the

gservice facilities according to .the demand, if there exists

a gap between suply and demand and strategies are to be sug-
gested to keep the gap at its lowest.

approach.
TTTRT3 has been used

In the present work a modified queuneing :
to study the qﬁeueing groblem in various points of a selected
bus-route in Dhaka City. The route selected was the MIRPUR to
GULISTAN comnectiion. This requires a study of the existing

generalized queueling theory and‘a review survey on the tra-
nﬁportation\ problem of the city. The study revealed that in
such situations there existed a peak-period of the day when
the demand is the highest. In this respect, the most critical

stoppages in the selected route were identified.

The nature of the present study requires some basic primary
data j; the method of collection and compilation are gimén in
chapter V ..

Analysis of the data was done by using a computer of IBM 370/



115 of BU E T center . From the result of the presenmt worik,
it has become apparent that. the problems are due to unplanned
transportation system of Dhaka City. Integrated study shouwld
be carried out which will cover the overall system. study in-
corporating the psychological and sihcinlogical attributes of

the drivers as well as the passengers.

The objective of this project work 1is to amsess the require-~
ment of the resources ( passenger-carrying tramsports ) in
the present situation of the tramsport system in Dhaka City,

and thus ta suggest some waya to improve the situation.
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CEAPTER I1

BACKGROUND STUDY & LITERA TURE SURVEY

The present work considered two aspects y. Damely :

1) transport problem in a major city s and

2) search for a proper OR ( Operations Research ) technique(s)

to be applied in solving transport problem.

Thus the literatire survey could also be divided into two sections

accordingly.

2+1. TRANSPORT PROBLEM IN A MAJOR CITY (Dhaka City )

The present population of Dhaka (the capital city of the country)
is 34.58 lacs which is increasing steadily. The landed area of
the city has-increased- from twenty eight square miles in
1961 to fourty four square miles in: 1980, Figure (2.1) ill-
ustrates the growth of Dhaka City dﬁring the last over two deca-
des. [ﬁ;ﬁgﬁ;ﬁ'(i5 I“]. A quarter of a century ago the travelling
distance from ohe place to another of the city was within nor-
mal wglking distance . And as the city grew , the activities and
hence the movements of the city-dwellers increased. So, transpor-
tation'émerged as a necessity and people were inclined towards
Public transports as most of them could not afford private trans-

poris.

Various modes of transports are available in Dhaka City. But it

‘'has been found that bus transports are the most economical. Thus
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the demend pressure is mostly placed on them. In early
days , the horse drawn carts were the only road transport
vehicles . As activities required quick movement, the road
transport began to gain prominence gradually. As a result the
importance of horsecarts declined gradually and a newer mode
0f transport known as Rickshaw emerged in the city roads. The

.rickshaw is pulled by a man and can accomodate two passengers.,

As the city extended much towards Mirpur, Gulshan, Uttara ,
etc. ( Figure 2.2 ), the public buses came into picture ~ith
much more importance , because rickshaws are the type of vehi-

cles which can not make longer-hauvl trips.

The present pattern of public tramsport services in the city
consists of both high and élow speed vehicles. These include
rickshaws., auto-rickshaws -, auto-tempos , mini-buses. and buses.
Beslides , taxi-cabs also exist which a 2 mostly used for inter-
national touristé'at very high price . The rickshaws are trea-
ted as ine-slowest vehiclerbec.a.use" these are manually driven
and the average speed : f rickshaws is around five miles per
hour . Apart fiom tke rickshaws all others are motorised vehi-
cles. and they operate at higher speeds than the rickshawé and
also for longer distances . The auto-rickshaws ére motorised th-
ree seater vehicles which is being used for door to door services
and are the costliest of zll the public transport modes.The auto-
témpo has the same engines as the auto-ricks’aws but has two
banks of seats at the back to carry eight persons and one per=-
son in the front . They make journeys from junc*ion to junction.

The mipi-busgs are smaller version of the buses , and operate in

.
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a particular route like the mormal buses with seating arrange-
ments for all the passengers., but the fare is little higher
than the normal buses. The transport problem in a major city,

such as Dhaka, could thus be viewed as explained below . -

The traffic flow capacity of the roads are not expanding acc-
ording to the continued increase of vehigles, as a result road
congestions become commonr phenomenon in a normal city life. In
order to solve the prpblem', Planners and transport experts th-
roughout the world are opining in favour of mass movement of
passengers through such modes as . buses , trains_, monorails .,

trolly trans, etec. {:BARTHOLOMEW (6) :]-

Moreever , finding the ways of movement of people during rush
hours has gained momentum . The system of transportation has
also:changed;;irom:slow;moving;vehigles—to- fast moving-vehicles- -
: and from automobiles: to mass transits , because of the increasing

demand of movement during peak periods.

" Transport experts have been giving more thought to faster
moving mass transit systems such as switching from buses. to
mono~rails and underground sub-ways for quicker movements and in
shorter time . There has also been Other thoughts regarding move-
ment of people which are related to public transport sysiéms ’
these relate to the designing of the road network system so aé
to accomodate maximum commuting traffic . Experts also emphasize
on the designing of underground parking systems and elevators so
as to keep vehicles off the road.rTo bring about a solution  to

IS



transportation. problems , theories have also been proposed for
redesigning of the land use pattern , s0 that different cativi-
ties are generated at different places and that would reduce

the traffic load from being woncentrared in just one place.'

[r:a;-a-ust 5)] o

In this regard the present study on the problems of bus trans-~
port in Dhaka City has been 1limited to the assessment of res-
ources( public transport buses ) accordin; to the demand of the

UEEeIrs,.

Study on the total performance standard of buses would require
information on loading capacity , commuting speed , space req-r
wired by buses to run in normal standard speed , the designing
of buses in such a way that maximum number of people could em-
.-bark ._and disembark‘in, the shortest possihle time - designing
of parking systens ; improvement of minor road systems and ra-

4

dial roads to accomodate more traffic signzlling systems , etc.

It has been observed however that the bus services are not very
satisfactory in the city ; most of the times the buses remain
overloaded. A great nuﬁber ol people are seen waiting at the
bus btops for a long time . Mofeover, bus services are not ava-
ilable in many places in the city . People of those areas are
compelled to walk a long way to avail the bus facilkties or

to utilize alternative modes 1f necessary.

Although there is an increasing demand for buses , the bus f1-
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eet in the city did not increase keeping pace with the increase
of population ; this is because the owners are reluctant to in-
crease. the mmmber of buses in the city routes because furiher
capital investment may adversely affect their frofit . So there
is a diifference between the actual condition and the desired st-
ate .'In this respect very few research has been done and the
. authority has mnot stepped in properly to bridge the ever exist-
ing 'gap' between demz=d and supply in this sector of the city
services . The objective of the present work , as mentioned ear-

lier , is thus set to assess the gbove 'gap' in the systemx.

2.2. OPERATICNS RESEARCH TECHNIQUE(S) APPLIED TO COR&GESTIOH
PROBLEMS

An enormous list of references to the various work orn conges-
tion probvlems may be prepared . But the scope of the present wo-
rk restricts to limited survey of the basics of OR technigues es-

pecially the queueing theories as applied to cangestion problems.

The MONTE CARLO techmnique is quite useful for analysing wziting
1li:e provlems which are difficult or impossible to be analysed
mathematically { HARPER ( 3 ) . ]|. Simulated sampling methods,
for example ; are quite helpful when the f{first come - first se-
rved assumption is not vglid for a particular ﬁueueing problem.
In many cases , the observed distributions for arrival times and.
service timeé can not be fitted to certaln mathematicazl distribu-
~ tion ( Poisson and exponential distribution ) and Monte Carlo ap-

preach. is the only hope under such situations .

The earliest method of analysing applied to queuekng problems was



25

the use of differenfial difference equations . This method is
described flrst and applied to the simplest queueing situation.
More recently , 1ntegralrequatlon$ and Markov chain anzlysis
have been developed to solve queueing problems . [:GUPTﬁ'(IZ)n
& GHOSAL ( 14 ) |

The method depends on deriving the rate of change of the vroba-
bility of a given state of the s¥stem . This is done by consi-
dering the . probabllltles of transitions ( e.g. by the arrival
of a unit or the completion of service } in a lni*nluesimal
interval . In order that a problem can be solved explicitly by
this method., it is necessary that these probabilities should
be fairly simple -functions . This means ir practice that the
method is limited to a few types of input service time distiri-

butions.

The queue situations to which this method #&s applicable can be
grouped in four classes .according to the. type of distributions
of arrival intervals and service times .

a) Exponential : The simplest case has been desglt with  other
cases may have more complex gqueue discipline or more than one
service channel .

b) Erlang : Erlang distributions are derived by combining é nu-
mber of identical exponential distributions . A'constant'rate
can be considered as a special case of an Erlang distributiomn.
6) Exponential with varying parameters ﬁ The parasmeter ( A ) or:
g/f) may ke a function of time or of the number of units in the

system .

d) Hyper - exponential : The variance is greater than for an
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exponential distribution . These distributions appear to have

1ittle practical application an& are not further con: .dered here.

Other analytical techniques have been used to give both gene-
ral and particular results .

1) Integral Equation : One apprcach leads to integral equations
for the distributions of the walting time . It is valid for ge-
neral distrihutioﬁé of arrival and service time , but i. is not
easily applicable to transient states of the system. It was fi-
rst used by Lindley for a single service chaﬁnel .

2) Markov. Chains : A sequence of events forms a Markov Chain if
the probgbility ofleach event can be expressed in terms of the
previous event ; irrespective of any information about earlier

events. Hence acknowledge of any event makes 21l information ab-

out -previous events-irrelevant to - the prediction of subsequent — -

events . In a‘simiiar‘Way',"a‘continuous-process_iswmérknvianftf“
a knovledge 0f ényAinstantaneousvwstate~o£nthevprocesswmakes—wall
previocus histroy irrelevent in predicting its future behavior.
The instantaneous(of a queueing system ) state may be described’
by the number of units in it . If the arrival and service digtri--

butions are expomential , this number: of units is 21l that is
needed 1o determine the probabilities of future instantaneous

states , and the process is Markovian .

m"pAD HOCY" METHOD
Some quite general results can be obtained without carrying out
the analysis necessary to give a complete descriptionuof the

system . A good example of this type of "Ad Hoc" approach is{:E

.



OKendallﬂs derivation of the average queve length and waiting
time for a single quewwith random arrivals and general ser-
vice time distribution . The theory of queues has been exten-
ded to take in more and more features which appear in real

life queueing situations , whether the quesesbe people , ma-

nvfactured parts , repair Jjobs or perishable goods .

FOTURE DEVELOPMENT

The development in the immediate future in OR om congeétion_pr—
oblems 1is Clearly in the use of high-speed computers to -simula-
te ; not real situations necessarily , but complex models clo=
se enough to real situations to yield useful answers of the kind

already avallable from the simpler models for simple situations.
[eurra ¢ 12.) & GHOSAL-( 14 )]

the value—of-using the computer lies firstly in-the-possibility -
it gives of using. peculiar distributions-of -the various inter— —.
vals involved and'ofhvarious‘COmbinations.of such distributions
when a-multi-phase-system-kes-studied . Secondly in the possibili-
ty of generating directly the distributions , instead of the
average values , of the quantities 1in which the OR is interest-
ed . And finally , in enabling fairly rapid exploration of a fi-

eld of pearameter values 1in a search for a near optinunm.

The Computer , too , would ;end power to inve%tigations of ch-

angiﬁg rate aystems with traffic¢ intensities greater than unity.
Various techniques of generating distributions on maghines and of
storing intermediate information are already in the literature and

. i
a few OR projects of this nature are already in pProgress.
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CEAPTER - 1III

QUEUEING TEHEORY AND ITS APPLICATIORN

Queueing is a common phenomenon in the business world, and all
queues display a number of basic features. These along with
technigues available to sclve queueing problems are discussed

in this chapter. o

3.1. THE BASIC FEATURES OF QUEUES

A detailed knowledge of queueing theory could be gained - from
reading of standard text books on Operations Research. Thus in -
the present context much effort is not devoted +to this aspect;
bowever , emphasis has been given to understand the scope «71d iﬁs

application.in a developing country.

QUEUE _FORMATION _
A queue forms at any time when the demand for & service exceeds
the capacity of the service facility. Any group of people or

objects awaiting their turn for service constitutes a queue.

QUEUEING SITUATIORS |

Queﬁes clearly differ one from the other. Some form.rapidly and
' dispersé slowly . Some form slowly and disperse rapidly ( e.g.
a bus queue ). Some form and disperse at the same rate.And some

form and disperse erratically.
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QUEUES AND ECOROMICS .
Virtually all queueing situations have economic appliwmaticns.

In general there are twe opposing economic aspects of queues.

1) It can cost money for an object to be idle in a queue. The
gnaller the service facility the longer the queues and the
higher +the costs,

2) On the other hand it cbsts money to increase the capacity
of the service facility - even if it is only interest on. the
capital sunk in providing ' it. Mereover ithe greater the servi-
ce capacity the quicker it will .disperse__queues._and,there-

fore, -the more often it -will -stand &dles

Cliearly , one reason_far,studxing;queﬁes_wis”to_enahle_Ihe_op:ruu
timm service facility to be selected so that the overall cost

of a service is minimised.

THE ARRIVAL PATTERN

Queue components can_arrivérai the queue in a variety of patterns.
They can afrive in large groups, regularly or irregularly , or
steadily , or at random . The last is the commonest - and
the most complex , though a moment's thought will indicate that
it can often be handled using the Poisson distribution ( since
in 2 given tiny fraction of time there is a very small probabi-~
lity of a unit joining the queue 5. A crucizl paramefer in que=-
weing tneory is the average arrival rate { A ).This is simply
the average mumber of queune componentis arriving per minute ,
bhour , day , etc. , and is found hﬁ'dividingtthe totzl number

of arrivals oy the total uwnits of time,
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THE SERViCE PATTERN

Servicing takes a variety of patterns and can be
iegnlar, or virtuwally ihstantaneous but with periods of mno
service at all ( e.g. passengers hoaﬁding_a bus at a busstop),
or again random. The latter pattern cem often be handled using
a negative exponential distribution ( i.e. one based an the

equation Y = e %)

Arrivals involve discrete distributions but service times nor-
mally involve continuous distributions. Another important pa-
rameter in queueing theory is the average- service rate g/éf).
This is the amerage'nnmher of queue components that can be

serviced per minute, hours, day, etc.

THE NUMBER OF SERVICE CHANNELS ‘

- Arrival of service patterns are often beyond immediate control,
hut one thing aver which,full control is usually possible ig

the mumber: ‘of. service. chanmels . In deed , the object of most
queue analyses is to determine the optimum number of - service

channels,

TEE QUEUE DISCIPLINE

Althamgh.mosf.quEU£s are based on a first-come-first-served
system ,with‘ few: exceptions » Sometimes certain queue com~
ponents have priorities , sometimes a last-come~first-served

system works and sometimes components are served at random.

There are , therefore , different methods of determining the
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arder of service. The method appertaining to any situation is

known as the queue discipline.

QUEUES & SYSTEMS
A.quene.is the group of components waiting to be serviced. A
Eystem. is the group of component: that includes both those wait-
ing to be serviced and also those in the process of being s6r-

viced..

QUEUEING THEORY & THE STEADY ETATE

At the very start of any operation that has a queueing potential,
the queue situation is untypical - the service facility can be
idle even though the system has a traffic. intensity-of -more--than
1, simply because the rirat of the flood of .cusiomers does .. -not
arrive during the first brief moments , or there can be a long qu-
eue even though the traffic intensity is less than 0.1 1f the.quf
eue: began to form some time before the service faCilitj opens..
However , providing the parameters of the system remain unchanged,
the gueue will ultimately settlewdownzﬁuntil.it.is_oscillating.hg_,
about its predictable average state. When this point is reached
the queue is said to be in a steady state. Owing to the complex.
mathematics oOf queueling , prgctiCal formulae can he developed only
~ for steady state queues and in 211 the theory that follows a steady

state queue is assumed .

USEFULNESS & LIMITATIONS OF QUEUEING THEORY
Queueing theory is useful , but it does have its limitations.
(&) Usefulness of queueing theory .

1. There are numerous situations of importance where the assump-
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tionhs that queueing theory calls for and therefore the re-
sults of apply¥ing such theory are walid.

2) Queueing theory is a cheapér method of analysis than simu-
lation. The use of simulation on small problems can be'-very
expénsive indeed in terms of computer time though it should-

be appreciated that costs are continually decreasing with

the advance of computer technology.

%) Queueing is also superior to simulation in s0 far that
firm results are abtained when the theory is applied a® against
the approximations that follow the use of simulations employling
random num:bers .

) Queuneing theory provides models which are often able to provide
useful insight into the system under study and:;pto ways in which
if might be improved . The results of a theoretical analysis can

point to the type of change it is worth investigating.

(b) Limitations of Queueing Theory ‘-
1) It is difficult to obtain solutions when the system being ana-

lysed is always in a transient state and never has time to settle

down to a steady state. Such a transient state arises either be-
cause the parameters are continuaily changing or because' the
system returns again aﬁd again to the same initial condition.

2) There is the difficulty of modelling situations in:which
arrivels and service times display any form of statistical de-
pendance , 6. g« where an increasing queue length can hamper
the execution of the service. | |

3) Many real llfe systems are more complex than,the theory ass-
umes and the dlstrlbutnon ohserved are often,less simple than

is required by the theory,



4) In real life problems many situations comprise several inter-
acting queues and the equations necessary to model such inter-
acting queues would be hoth difficult to formulate and diffi -

cult to solve without recourse to a heavy computing operation.

3;2@ A QUEUEING MODEL

( For the fransport situation of a city route )

Amongst the various problems encountered in a city life , wai=-
ting for passenger carrying transport is one. A more detailed

description of tramsport problem is given.in qhapter - IV_.

Waiting line problems arise either because there is excessive
demand on the facilities resulting in a ;engthy waiting ; or ;
unscientific scheduling of transport facilities reswlting in
highly fluctuating and uneven queue formation and/or lengthy
waiting time 1in the system,. . -

In either case , the problem is toveither échedule arrivals or
provide facitities or both so as to obtain an optimum balance

between the cost associated with waiting time and idle time.

The basic charecteristics of a queueing model are given below ﬁ
1) Units arrive , at regular op dirregular intervals of time ,
‘at a given.point called the service center . These units are
called antries_dr arrivals or customers .

- 2) One or more service channels or servicé stations or service

facilities are assembled at the servicg center.llf the service
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station is empty ( free ) , the arriving customers will be
served immediakely , if not , the arriving customers will wa-
it in line until the service is provided . Once service has

been completed , the customer leaves the systen.

A queueing model 1is specified completely by siX main charac-
teristics @

1) Input or arrival ( inter;arrival ) distribution.

2) Output. or departure ( service ) distribution.

3) Service channels.

4)-Service discipline.

5) Maximum number of customers allowed in the system.

6) Calling source-or -populatiom. -

3.5+ . SOME AREAS OF APPLICATION OF QUEULING THEORY A
Waltlng 11ne or queuelng theory has been applled to a wide variety
of bnslness 51tuat10ns. All sltuatlonsuwherefnnstomers Tare. InIDI‘”T,
ved such as restmurants , cafeterias , departmental stores ,ci-
nema halls , banks , post offices , petrol pumps ,airline coun-
ters ; patients in clinics , transportation systems , etc, are
likely to have waiting lines. Generally , thélcustomer expects
a certain level of service , while thé firm providing - service
facility tries to keep the cdst'ﬁipimum whilerproviding the
required service.[waren (1ﬂ |
Waltlng 11ne theory is also w1delx used by manufacturlng units,
It has been popularly used in the area of tool crlhes. There
is a general complaln.from.the foremen_that their workmen wait

too long in line for tools and parts., Though the management
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wants to reduce the overhead_charges s €ngaging more:attend-
ants. can. actually reduce ovefall manufacturing costs, since
the workers will be working instead of standing in line.
Another problem that has been successfully solved by waiting
line theory-ia the determination of the proper number of do-
cks to be constructed for trucks or ships . Since both dock
cost and demurage costs can be very large , the number of do-
cks should be such that the sum of the two costs is minimi-~

sed

Queueing methods have also been used for the problem of ma-
chine breakdowns and repairs .. There are a number-of machines.
that breakdown individually and at random times .The machines
that breakdown from a waiting 1ine for repairs by mainfenance
personnel and it is required to find the optimum number of re-
pair personnel which makes the sum of the cost of repairment

and the cost of production loss from downtime a minimum.

Queueling theory has been. extended to decide wage incentive plans.
For example , some workers are asked to operate two machines
while the others , four machines . Since the machines are iden-
tical , the base rate of payment is same for all workers. How-
ever . fhe incentive bonus for produqtion.in excess of quota

is half as much. per unit for operators with four machines as

for those with two machines » Apparently ; the arrangement ap-
pears to be fair . However s, a study of downtime for repairs.
showa that while the two machines run by one man would have

12% downtime , four machines run by one man. would have 16%

downtime . The reason is that two ( or more ) machines can



breakdown- at once in the four-machine group which is gene-
rally not true for two-machine gioup, Thus , the worker op-
rating four machines would have to operate at a higher efQ
ficiency than his counterpart in order to earn the same
incentive . The probleb was solved by paying the operators of
the four-machine group a higher base rate determined by ms-

ing the probabilities computed from queueing theory.ﬁgmen(1j

'QUEUE IN THE PEAK PERIOD |

In. the peak hours , it is always found that thé demand of the

Passengers 1s more than service facilities ; i.e. the number

of buses serving . S0 a queue of the passengers is formed in.
the bus-station. - |

For a better trénsportation system this queué should not be so
Jong that will be unreasonéble and waiting time should not be
much more than the passengers will leave the station;wifhouf

being serwed. The present. work is directed in studying the de-

mand - supply situation in this period,
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CEHEAPTER v

PUBLIC TRANSPORTATION IR DHAEKA CITEY

The operation and management of the existing transport system
{ passenger carrying ) of city is rather historic . The widely
used transport is the man-driven rickshaws . These are very sl-
ow moving but at the expense of huge human‘mﬁscle effort. There
existe other modes of transports namely , auto-rickshaws (ﬁhree
wheeler ) privately owned . From the point of view of buying ca-
pacity of these services by the customers ( the public ) these
types of modes are expensive . From price differential and other
considerations the.wholé society is depending upon the public-

bus transports , which are the cheapest and time-saving.

The Bangladesh Road Transport Corporation ( BRfC )} for the pub-
lic tranaportétion in different selected routes of Dhaka Cify
existed for more than two decades . Nometheless , there are many
private buses and mini-buses on commercial basis in many impo-
rtant-routes of the city . ’

The private buses and BRTC buses are each with fifty two
seating arrangement and the mini—busés have different seating
capacities . Begides , there are very few:double-deckers. Tt is
supposed that , in private buses and BRTC buses ; about seve-
nty . persons can run comfortably .; some of them standing
in the free passage . And double~deckeérs are of one hundred fo-

urty - persons capacity each .
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Only the BRTC buses have the time-schedule to run in particu-
lar route and all other public transports do not strictly ma- _
intain any time-schedule . There are many routes for publkc
transportations in the cify ; most of them are not based on sc-
ientific analysis and no analysis has ever been made on this

transport system .

Lel. SELECTION OF A ROUTE FOR ANALYSIS

The tramnsport system of the city haé.tﬁe focal point in a place
named GULISTAN . The Motijheel commercial area is the country's
bigest business center- which is adjacent to Gulistan. On the
other side y the city is expanding in the northern side alomgs
Gulshan , Uttara-, Mirpur-and @tler mides.—A major portion af
middle class families is living im Mirpur area.

From fogure # ( 4.1 ) importance of public transportation bet-
ween Gulistan and Mirpur can be understood . The map showing
the roads of almost the whole of Dhaka City., indicates the . route

of public transport between Gulistam and Mirpur area.. .

There,are three different routes cmnnecting Qulistan,and Mirpur.
The route that covered many areas of the c¢ity including the Ma-
djor commercial and residential areas of the city has been co-
nsidergd for in,the present case . The route as shown in the
map touches the following stations : , _ |

1) Gulistan | ‘ aj‘general Post Office ('GPO )
3) Kakrail | k) Shantinagar ( Malibag )

5) Moghbazar ' 6) Bangla Motors
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?7) Karwan Bazar . 8) Farm Gate

9) Asad Gate | 10) College Gate

11) Shamoli 12) Kalyanpur

13) Technical 14) Mirpur - 1

15) Mirpur - 2 | 16) Mirpur - 10

17) Mirpur - 11 18) Mirpur - 11% (Pollabi)

The distances between the different stoppages are given &s

follows :

From Gul- Distance o | Frqm Mirpur Distancej
istan to in miles 11%(Pollabi) 'in.ﬁiles
Press 0.7 - Mirpur-11 1.0
Medical 1.5 Mirpur-2 2.0
Azimpur 2.2 | . Mirpur-1 2.8
Kalabagan 3.6 Technical Lol
Aaadgate | 4.5 Collegegate 55
Collegeggte 5e2 Asadgate T Bl
Technical 6.8 ' Farmgate ' 7.6
Mirpur-1 8.3 Moghbazar 9.1
Mirpur-2 8 ¢8 , Malibag 10.0
Mirpur-11 9.8 Gulistan R RRY

Figure ( 4.2 ) shows the two routes between Mirpur and Gulistan
indicating the distances between different stoppages . in,the
present work ,tke route via Mogbazar - Farmgate -Asadgate 1s

selected for analysis.
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4.2. SELECTION OF STOPPAGES FOR DATA COLLECTION

The above mentioned ninetsen stoppages are mot alltcriticalt. A
gensral surve§ was carried out to find that few of them ﬁere
the rbusy stoppages and the following points were revealed :
GULISTAN : Most of the transports start from this stoppage . it
nay be called the heart of the transportation system of Dhaksz
City for both city area and long distance journeys . It is surr-
ounded mostly by commercisl areas. )
MALIBAG ( SHANTINAGAR ),; This stoppage covers ﬁhe areas of Kak-
rail , Shantinagar s Malibag , Siddeswari .. Comparatively less
buses move -through this stoppage .

FARMGATE : This is the most important bus stoppage . It was fou-
nd that most of the bus-routes met at this point forming'hottle-
neek! , Besides ; it is another busiest place and thus it needs
consideration .

ASADGATE : With the final destination. Mirpur ; almost all bus -
routes coincide in this stoppage ».-And this-stoppage-covers —-the -~
otherside of the city named Mohammadpur ,rSher-e—bangLa nagar ;
Kalabagan , etc. Hence it is of prime importance to be disciiss-
ed and aBalysed . 7

KALYANPUR : Actually the buses passing through Asadgate also
Pass through this stoppage . But the people frdm the place ADAf
BAR ( which isrnot yet urbanized ) can avail transports from
this stoppagé . | |

TECHNICAL ; From here the buses which are going to Mirpur are
being diverted to its way from the main highway towards Aricha.
MIRPUR-1 : This stoppage may he called the center of Mirpur arem

and so most of the passehgers get down in this stoppage .



MIRPUR-11% (Pollabi) : This stoppage is the final destination

of Gulistan-Mirpur public transport route .

From. figure (4.3) it is clear that the buses start for difjf-
erent routes from Gulistan stoppage . At Malibag stoppage ﬁu—
ses are coming from Gulisten only ; but going to some more three
directions ( towards Banani s Airport , & Mohammadpur ) ; other
than the selected route for Farmgate with ultimate destination
Mirpur . Mostly BRTC buses are coming through this Malibag st~
oppage .

From‘figure.(q.B) it becomes clear that for the Farmgate and As-
adgate stoppages , the situations are more critical . A large
number .of buses are coming from other routes to Farmgate stopp-
age via Shahabag and leéving for five different destinations

( Cantonment , Banani , Airport ;JMohammadpur and Aricha ) oth-

er than the selected destination for Mirpur .

In. the other-critical-stopbagé"ﬂsadgate—-,*1argesnumber of bus-
es. coming via Science=laboratory and .also leaving for. other
two destinations ( Mohammadpur and Gabtoli ) other than the se-

lected destination Mirpur .

All the buses passing through Asaagate are also passing F?ro-
ugh Kalyanpur stoppagé . But , at Téchnical'stoppage some buses
going_towards Gabteli , and the remaining to the selected final
~ destination Mirpur . The Passengers' arrivél rate and the service
rate for all the mentioned stoppages. in figure (4.3) will be dis-

cussed in chapter V .

4 6
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4.3. CLASS - WISE DEMAND OF PUELIC TRANSPORTS
In;the'previo?s.sections the preéeni operational and manage-
ment aspect aiongwith the scheme of the present study have
been stressed upon . It has been recognized that the exist-
ing transport system is operating under conditions which need
substantial improvement through use of scientific methods and
approaches . In the present secgion: another important aspect
in the transport system study ; nzmely ; Passenger demand for-
ecasting ; is desgribed s In this respect curves in figure

(4e4) gave some insights to estimate the above item,.Eﬂren(1ﬂ

Figure (4.4) shows typical curmés for three. different income
groups kelating puhlic. transport-usage -to-an-indez. showing -the
accessibility of public transport . This approach has the ad=-
vantage of overcoming somé of the mathematical difficulties of
treating variables that are often highly dependent;upon-eachA-
other , and of engbling the plannér td use his judgement in
supplying information that is not necessarily available from.

the Burveys ; as HNas. been done to. prov1de the-dotted;fportloHS“‘"'

0f the medium and high income .

In the next chapter it will be discussed in details about the
data collection and an overall analysis will be carried out for

the critical stoppages with the help of computer programming.
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CHAPTERS~-V

DATA COLLECTIORN AND .RESULTS

In the preceeding chapters , the transport system of Dhaka City,
its operations and associated problems s. has been discussed .In

this regard scientific approach , for example , modified queue~

ing theory has heepzindicated to be used in the present context.
This , Lowever , needs assessment of the supply-demand situation
of the passengers in. terms of. transport.résources . The present
chapter is thus devoted . to achieve this . The chaﬁter,thereby_
covers , two,aspects namely , data collection: and analysis ( re-

sults ) .

5.1. DATA COLLECTION. PROCEDURES FOR TRAFFIC SURVEY

A typical traffic survey wiil usully employ several of .the data
collection methods listed below : |

1) Roadside interview :- Vehicles-are selected according to a
specified sampling method arnd étopped at each of a number of po-.
ints at which ene or more cordons drawn in and around the study
area intersect the road system . The drivers of the vehicles are
aske&xpredEtermined questions about their journeys , s0 as to dis-
cover the journey origin , destination , intermediste calls y pur-
pose of journey , etc,

2) Home and commercizl interview - A sample of the population
(typically five to ten percent) is interviewed at home , and in-

formation is obtained gbout all journeys made by members of the
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household on a recent day . The home interview will not ; of
course , éive information_ahout.trips_starting outside the
study area and other type of survey must be employed to de~
terminhe these . Similar interviews are conducted at business
Premises td esfablish comeercial vehicle movements ..

3) Registration number surveys :- Registration numbers of vehi-
cles entering and leaving the study area are recorded at cogdon
~ points , together with the time of entry or exit . Sampling is
achieved through.recordihg only .those numbers ending in speci-
fied digits or pirs of digits .- The entry and exit lists are
compared and through .vehicle movements:. determined ;lthe time
difference indicates whether the vehicle stopped in.fhe area or

passed directly through .

The most common. combination is of the first. two arranged s0 as
to give as complete a coverage of all types of Journey ( i.e.
all modes of transport and all classifications of journey purpose

such as work , education ,. shopping , social , etc. ) as possible..

Observations are mode of the whole system on ééveral ¢consecutive
days three or four times per annum . Obsevers are stationed at
atetegic points on 211 routes of the system :; these record the
following data for each. bus as it passes :

a) route number

b) destination

¢) running number

d) time of observation

e) estimate of number of passengers carried.
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From this data information . may be obtained about the general
running patterns ; the delays which are occurring to vehivles,
and the numbers of paésengers being carried past the obser-

vation points in the various periods of th day .

It should be noted that information should Ee QVailahle about
the numbers of prospective passengers left behind at stoppage
; and the lengths of time for which the passen-
gers. waited for their bus ;-so that only a crude estimate of
the  demand-,is made . Careful selection of observation points
will of course ensure that critical-sections of the route are
properly covered , and observers , if stationed near stops ,
may be ahle to report om the accumulation of passengers at.the

stop . Data collected manually may be coded for computer use .

5.1.1.. DATA COLLECTION PROCEDURE USER -

In the present study-eight.data-collectors ( observers ) were
engaged in selected eight stoppages namely , Gulistan,, Mali-

bag , Farmgate ; Asadgate , Kalyanpur~-, Technical , Mirpur-1 ,
and Mirpur-11% (pallabi) . A prescribed data collection. form

Eas méde and the required were collected as depicted in figu-

res shown.in the gppeéndix ..

An observer was stationed in particular stoppage and recorded
continuous data and filled up the data forms . Under the exist-
ing station , where discipline did not. prevailed ; propef rec-
ording of data was a tedious and laborious job . The situa-

tion became zll the more difficult as the buses were arriving
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and leaving the stoppage in vitually no time . Moreover , as
proper schedule was not maintained , they arrive in a bulk .
So.; an error of about i15% may be considered . The arrival

and departure times of the buses were carefully recordedalong
¥Zth the number of passengers getting up on and down. from the
buses . Besides , the extra demand , over loadkng and passen-
gers leaving the station were of importance . The number of
Passengers who tried to get up on the bus , but could not , is
taken as the'extra demand'.An: estimateef'over loading'' was con-
sidered and the number of passengers who left the stoppage af-
ter waiting for sometime dissatisfied is taken as'passengers

leaving the station' .

The idea:of the present work was to identify the peak periods
of the day when: the arrival and service rates - and also the
overall throughput of passengers are the highest . From.a pre-
liminary survey of the selected route during several days the
busy periods' of the day were assumed to be 0800 A.M. to 1100
‘AM. and 1400 hrs.(0200 P.,M.) to 1800 hrs, (0600 P.M.).The data
collection period was taken for two weeks excluding the week~

ends: and holidays .Thus the periods stood at eight days .

S5+2. ANALYSIS OF DATA _
Mention has been made earlier regarding the methodology to be
used in the present study where it has been indicated that qu-
eweing theory techniques és it stands could not be used . This

i1s because the nature of data obtained.

£
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Mention has been made that queueing théory could not be used in
strict sense rather a modified of queueing approach has heen
used. in the present work . The reasons being given below :

1) The passengers arriving at the bus stoppage could not be re-
cordeg as it should be, as the passenéers arriving at fhe sta~
tion were not disciplined 1in a sense that no queues could be
established . The passengers arriving at the station wait for
the ©bus in different places around the station as they wish
and when the bus comes they almost jump pushing each other to
avail the service . Thﬁs the essential parameters for queueing
theory can not be obtained , as for example , waiting time of
the passengers , gqueue length , allowable waiting time lﬁf the
passengers . etc. Nonetheless , first come first served system
is also not maintained which proves that the passengers are very
much unruly .,Snd in such a situatian queueing theory techniques
can not be applied . |

2) Application.of queueing theory technique requires sets of data
collected for a long peribd , over the year if necessary.But. for
the time limitation of the present wark and considering the ex-
pense and manpower regquired for data'collection.;'satisfactory
and sufficient data could not be gathered . | |

3) The buses arriving at a particular bus stoppage were not pro-
perly scheduled . It was found that sometimes more than five bu-
ses arrived at a time in the station creating a confused éitua—
tion for the passengers . Some of these buses even did not stop
in thé station ; the passengers were found to be boarding in and
getting down from the buses which were in running condition.This
created an equally or even more confused situation for the data

collector .
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L) The supporting facilities of the sﬁatiops were found to be agl-
most absent . Thgre were no queue-guiding arrangements in the fo-
~rm of fence or its equivalent . There existed no proper waiting
place for thg Passengers and thus they did ﬁot know at which pl-
ace they were supposed to wait . It was observed that the passengers
waited in various places ; this resulted in a difficult situa-
tion for the data collector to locate them . The above inherent
and serious problems could not allow collection of relevent data
as deemed fit fbr Queueing theofy application. . Thus as mentioned
in the objectives in chapter I ; the current analysis is directed
to achieve an important indicator - " the gap between. the demand
and supply in terms 6f passengers-service " ., For this ﬁurpose a
mathematical approach is used_._ It _may be noted that the mathema-.
tical formulation,as developed in the présent'work., has its hasis
in the general queueing theory - The whole scheme of the mathemp-
tical formulation. can be divided into the following parts :
1) Arrival‘patternmof'the passengers (A) |
2) Arrival pattern of the service buses
3) Service rate.of the passengers (/4)
4) Existing gap of the prevailing supply-demand situation
5) Measures to be taken.torreduce the gap in (4) above .

During the eight days’ data collection period in eight stations
around thirty-five thousand déta records were collected . It may
be mentioned that the collection period-in,a day was set for seven
hours { 0800 A.M. to 1100 A.M. and 0200 P.M, to 0600 P.M. ). Du-
ring these seven-hours peridd 'cpntingqus data collection was ma-
intained . Thus for a meaningful interpretation: of these data the

seven-hours period was broken down. to interﬁals of,15 minﬁtes du-
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ration . This operation requires magsive calculations which could

be done using fast digital computations . Thus the IBM 370/115 com-

puter of the B.U.E.T. computer center was used . For computer ba-

sed computation the raw data

form as shown below :

a.
were complled and arranged in*matrix

Colwrns 1

2 3 I B S n
TOWE ci c2 ¢3 e —emmm————— L cn
1. |t X11 X12 X13 X1§ ———mmmoemmmmmm—mmmmm e X1n
2 |t X21 X22 X23 24 —m=-mmmmm—m——mme—m—e e
3 | t3 X231 X32 X33 XBh ——mm——mm—mmmmmmmmm—m——eee X3n
Lo th X Xh2 X435 XL T Xin
-
I
| l
t. !
» SN S U Ot R — %55
m | Tm Xml Xm2 Xm3 XM ———mm—mmmmme—emem——————— Xmn
Here , t1 , t2 , t3, t4 , ------—-—m—- tm represent the differ-
ent time periods of 15 minutes each . So that ,
t1 = 0800 A.M. = 0815 A.M. Xy 1 the average Value of (e ) sfor
t2 = 0816 A.M. - 0820 A.M. a specific time perlod(l) over the entir
data collec¢tiom: perlod(T)* thus
t3 = 0831 A.M. - 0845 A.M. g&
, (e3¢
th = 0846 A.M. = bk

0900 A.M.

Xij“?: ) for a. specific(i)

T where, T= Data
collection period.

From the preliminary survey it was hypothesized that the peak hours
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existed during the morning and the aftermoon . Accprdingly ; three
hours iﬁ.the morning égd four hours in,the aftermoon. were consider-
ed to be-fhe_bﬁsy periﬁds of the day . This hypothésis was. found
approximately valiﬁ from the.figures 5.1 ., 5.2 ; 5.3., 5.4 ; 5.5,
5.6 , and 5.7. |

The columns c¢cl, ¢2, €3, c4, ——w-——m=—- cn represent the observed

values of the variables considered . These are given below :

¢l = serial numbers
' ¢c2 = service identification.( bus nikmbers )

¢3 = bus caﬁacities

ch = arrival times )

c5 = departure times

¢cb = number of passengefs getting dowﬁ.from the incoming bus to the
concerned bus stoppagé )

¢? = number of passengers getting up to the dutgoinglbus from the
cqncerned bus'stoppage

c8 z,numﬁer of passengers (observed) causing overloading to the
outgoing bus from :the concerned bus .stoppage

q9 = extra demand for the service by the passengers ( in terms of

nunber of passengers ) who could not avail the service and
was wailting for the next service
c10 = number of passengers leaving the station after waiting for

sometimes because of unavailability of the service

The heuristic approach of the necessary calculations are now given

below :

ARRIVAL PATTERN OF THE PASSENGERS

This is the arrival rate ( A) as commonly used in queueing theory.



BUS DETLBTION TIME
. The average duration of stopping time of a single bus for any 1,

is givem as ; Bus detention time = Xi5 —inq cen  mws e (5.3)

Bus detention time per passenger ( 15 minutes period besis )

detention time in 15 minutes period (5.5)

- - &

Number of passengers serviced in that period

SERVICE RATE :

Service rate of passengers g/{) for any i, = Xi? ces en .. (5.5
( per period )

QUEUE LENGTEH :

The queue length per period = number of passengers wgiting in the .

System = Xig - Xi1o_ - LY [ .an e e e e (5;6)

OVER LOADING :

The over loading rate per period = Xig  eee  eee  eoo eee(S.7)

PASSERGERS THROUGHPUT -
The total number of passengers throughput through the station for

any i’ = XiB + XiB - Y s .es Py cne .--(5.8)

The number of buses irrespective of their types arrived per period

= Xiz e Of. s -es P T ‘o e -00(509)
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It may be noted'that.the GULISTAN and the MIRPUR 113} (Pallabi)
stoppages are the starting and the final destination respect-

ively , hence no queue is supposed to form in these stoppages.

The arrival patterns and the service rates of passengers have
been calculated for all the selected bus stoppages which will

be shown later on in thi; chapter .,

The two stoppages namely, FARMGATE and ASADGATE are considered
to be critical, and thus need detailed analysis . It could be

demonstrated that the'gap's were found critical in. these two

'stippages .

53.RESULTS AND DISCUSSIONS
This.sectionfis divided_into_two parts ; namely , results and
discussion,on_the results . The Eesults conéist,of_two parts ,
such.as‘, | | |
i) general findings of arrival rates and service rates of pass-—
engers for the eight stoppages-; and |

ii) detailed results for the two critical stoppages at Farmgate
and Agadgate -

5.3.1. Gemeral findings for the eight. stoppages .

The auerage arrival rates of the paSSengers 1n.d1£ferent perlods
of,the day are shown,ln.flgures 2e1 3542 5503 354 5.5 ,5.6
and,5.7‘ whlch correspond’ to the résults shownwin;tablesrT5-1-,
Tz, 5T~3 > 5TJ+ .y 2TaD 1y ST-G » and 5T.7.

Simllarly the servlce rates of the passengers 1n.the dlfferent

periods of the day are shown: in the figures 5.8 to_§?13~ which
~correspoRd to the results showm in tables 5Ti8 . to 5Tii3

\ i



TABLE T5 - 1

Results for arrival rates of passengers at.GHDISTAN'bus-stoppage

Periocds of. Dates in. Feb. 1984..

the day 2 15 15 15 16 19 22 33 Average
0800-0815 36 50 38 04 - - - - 32.6
0815-0830 24 24 15 41 - - - - 26.0
0830-0845 24 53 19 20 - - - - 29.0
0845-0900 33 00 12 47 - - - - 23.0
0900-0915 ~ 33 40 55 64 - - - - 48.0
091 5-0930 00 30 17 42 - - - - 22.25
}0930-0945. 34 00 00. 00 - - - - 08.5 -
0955-1000 25 00 30 00 - - - - 13.75
1000-1015 29 -29. 18 47 - = - - 30.75
1015-1030 00" 33 20 25 - @ - - - 19.5
1030-1045 42 11 00 54 - - - - 28..0
1045-1100 25 09 00 25 - - - - 14.75
1400-1415 103 37 35 161 - - - - 84.0
1415-1430 35 69 38 00 - - - - 35.5
1430-1445 . 35 00 20 .68 = =~ - - 30.75
4Wh5-1500 - 760 95 30 79 - - - - 70.0
1500-1515 30 42 00 00 =~ - - - 18,0.. .
1515-1530 28 38 79 97 - - - - 60.5
1530-1545 22 32 5% % 5 - - - - 41.75
1545-1600 46 61 139 LO - - - - 71.5
1600-1615 33 20 42 00 = - - & 26.25
1615-1630 108 18 52 46 - - - - 56.0
1630-165 22 18 135 66 -~ - - - 60.25
1645-1700 3 38 00 89 - - - - 40,75 .
117001715 123 32 85 78 - -~ -~ - 79.5
1715-1730 00 37 100 51 - - - - 47.0
1730-1745 - 00 52 60 87 - - - - 49.75
1745-1800 45 35 40 00 - - - 20.0
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-Resulte for average arrival rates of passengers at MALIBAG-stoppage

Perdiods of

Dates in Feh. 1984.

the day 2 13 14 15 25 Average
0800-0815 30 138 138 - - 102
08.15-0830 55 47 63 - - 55
0830-0845 141 65 112 - - 106
0814,5-0900 110 196 67 - - 124,33
0900-0915 75 84 W5 - = 91.33
0915-0930 60 44 57 - - 53.66
0930-0945 50 48 86 - - 61.33
0945-1000 1» 25 38 - - 25.66
1000-1015 4o 32 34 - - 35,33
1015-1030 25 oS4 24 - - 3&@33'
1030~1045 25 30 61 - - 38.66
1045-1100 00 53 37 - - 30
1400-1415 6L 25 00 - - 29.66
14415-1430 20 45 48 - - 37.66
1430-1445 20 18 21 - - 19.66
14451500 26 26 18 - - 23,33
1500-1515 65 28 .64 - - 52,33
1515-1530 17 47 21 - - 28.33
1520-1545 75 36 24 - - 45
1545-1600 00 34 64 - - 32,66 - -
1615-1630 85> 23 25 - - 47-66
1630-1645 25 65 32 - - 40,66
1645-1700 25 61 96 - - 60.66
|1700-1715 723 112 37 - - 7
1715-1730 86 5% 49 - o 62 .66
17350-1745 0 49 %6 - - 51.66
174,5-1800 64 42 105 - - 70.33
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TAELE T5 - 3

Results for average arriwal rates of passengers at FARMGATE-stoppage

Periods of Dates in Feb. 1984,

the da¥  T5 i3 4L 15 16 19 22 23 Average

0500-0815 140 73 76 15 248 i27 48 167  136.75
0815-0830 119 135. 142 106 326 65 106 63 132,75
0830-0845 128. 129 99 122 272 55 157 154 - 139.5
0845-0900 109 80 -87 85 239 192 139 105 129.5
0900-0915 120 111 98 162 148 41 199 87 120,75
0915-0930 144 63 125 117 166 72 71 65 102,875
0930-0945 95 81 134 175 143 137 140 125 128.75
0945-1000 111 123 67 68 159 84 93 133 104.75
1000-1015 140 121 124 56 114 196 216 92 132,375
1015-1030 700 61 54 43 158 138 115 100  92.375
1030-1045 68 98 76 46 193 103 187 108 109.875
1045-1100 39 29 131 50 270 --106. 128, 145  112.25
14500-1415 140 723 17?3 255 258 124 165 105  161.625
141551430~ 7155 7188 67 284 375,111 153 119 181.5
1430-1445 126 122 151 238 175 720 173 97 144.0
1445-1500 8L 126 99 202 298 60 162 144  146.875
1500-1515 121 113 245 250 429 46 133 117 181.75
15151530 722 140 140 291 476, 86 219 139 196.0
1530-1545 114 68 122 250 222 71 110 144 137.625
154,5-1600 86 121 76 235 251 118 177 135  156.0
1600-1615  37° 100 164 310 201 94 152 165  152.875
11615-1630 101 94 86 237 362 42 136 158 152.0
1630-1645 121 72 137 190 396 83 109 73 147.625
16451700 96. 39 83 312 323 81 186 146 158.25
1200-1715 123 183 85 313 253 99 164 215  179.375
17215-1230 112 131 108 384 389 111 135 108 184.75
17230-1745 124 110 63 611 384 95 334 93 226.75
1745-1800 82 140 146 309 318 174 132 69 171.25
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Results for the arrival rates of passengefs at ASADGATE~stoppagg

TARLE 5T - L4

67

Perlods of Dates in Feb. 1984. 7 hver
the day 77374 15 16 19 22 23 rese
0800-0815 17 47 56 66 36 43 S1 34 43,75
0815-0830 26 57 35 65 26 4O 26 37 39.0
08300845 15 6] 47 63 27 56 45 35 43.625
0845-0900 30 57 52 X 66. 43 35 36 46.125
0900-0915 3. L2 63 35 4l L6 35 40 L42.25
0915-0930 55 58 57 42 74 44 32 29 48.875
0930-0945 29 37 5 51 35 40 36 . 39  39.625
0945~1000 68 38 51 41 64 41 39 3] 16.625
1000-1015 - 60 62 73 38 71 40 28 36 51.0
1015-1030 16, 260 42 55 59 47- 36 34 39.375
1030-1045 11 45 67 45 44 L 3 46 41,625
10551100 50 38 48 49 45 48 52 29 44.875
1400-1415 - 29 L9 29 40 55 47 0 33 45.25
1415-1430 66 28 37 32 LO 62 39 43  43.375
1430=1445 8% 90 73 36 41 50 34 47 - 56.75
1445-1500 75 726 80 51 64 2 20 76 60.5
1500-1515 97 80 48 54 37 67 -4 59 60.375
1515-1530 55 7?1 66 64 66 100 72. 55.  68.625

{1530~1545 73 60 65 58 49 51 71 69 62.0
154 5-1600 60 42 51 52 78 69 67 76 61.875
1600-1615 73 64 8L 43 59 63 85 76  68.375
1615-1630 58 64 82 55 60 60 5% 91 65.75
1630-1645 60 86 68 82 53 70 66 69  70.0
1645-1700 66 53 58 67 93 66 60 67  66.25
17200-1715 62 52 24 57 790 63 57 88 59.125
1715-1730 83 62 20 60 67 54 51 64  57.625
1730-1745 81 5. 14 47 59 65 76 72 59.0
1745-1800 7% 71 01 61 131 75 90 89

73.875
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Results for the .grpiya) rates of passengers at KALYANPUR-stoppage

Periods of Dates in Feb. 1984. :
the day 12 13 1§ 15 16 19 22 23  Average
0800-0815 11 43 106 33 34 59 42 11 42,14 -
0815-0830 16 77 49 31 19 34 28 19 341
0830-0845 153 .98 22 47 24 26 32 21 35.4
0845-0900 14 54 38 25 67 37 24 44 37.9
0900-0915 27 82 12 39 60 56 4& LI L46.0
0915-0930 2L 69 15 71 45 80 65 18 48 . 4
0930-0945 11 99 15 21 46 27 69 50 L2.25
0945-1000 20 N 110 33 37 50 65 g 53.5
1000-1015 12 142 97 49 57 60 B 34 63.6 -
1015-1030 03 162 131 96 29 90 108 55  8L4.25
1030-1045 11 80 141 54 45 59 33 56 59.9
1045-1100- - 13 28, 4i 124 29 52 51 33  46.75
1400-1415 .95 85 63 104 32 62 30 27  62.25
1415-1430- 1311 94 108 88 19 51 08 31  63.75
1430-1448 ---— 188. 114 77 120 38 42 16 46 80.1
1445-1500 - 75 42 87 116 31 35 33 82 62.6
1500-1515 16 70 76 66 62 52 42 117  62.6
1515-1530 97 110 1 67 34 61 63 79 69.0
1530-1545 111 155 54 94 55 58 64 66 81.9
1.545-1600 183 126 67 133 87 91 53 90 103,75
1600~1615 99 109 W42 115 47 73 72 78 91.9
16151630 62 81 80 65 52 85 55 26  63.25
11630-1645 79 80 12 91 36 61 69 . 103  66.4
1645-1700 143 106 14 45 91 707 63 148 85.0
1700-1715 226 76 17 67 84 91 73 308 117.75
1715-1730 92 128, 23 53 85 93 49 249 96.5
1730-1745 160 166 18 64 91 85 35 154 96.6
1745-1800 136 148 38 722 78 85 71 140  96.0
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TARLE ST - 6

Results for the arrival rates of passengers at TECHNICAL-stoppage

Periods of Dates in Feh, 1984,
the day 12 13 14 15 16 19 22 23 Average

0800-0815 35 49 47 41 50 69 123 55 8.4
0815-0830 44y 66 33 22 28 67 60 6L 48.0
0830-0845 34 62 33 19 34 75 35 68  45.0
0845-0900 42 60 32 33 28 74 64 26 4.9
0900-0915 29 49 34 46 32 55 58 23 . 40.75
0915-0930 25 60 24 58 4k 53 53 49 45.75
0930-0945 38 - 52 37 Sk 35 44 32 5 42.9
0945-1000 22 52 52 57 49 4O 69 45  U4B.25
1000-1015 30 45 37 58 49 53 20 34 40.75
1015-1030 17 . 48 27 51 36 L7 S0 61 L2.1
1030~1043 14 44 37 32 22 B5 46 34 34.25
1045-1100 - 47 .47 51 5 5, 68 21 36 471
1400-1415 40 .50 20 44 30 86 31 95  49.5
1415-1430 3 128 25 39 29 67 41 7 S5he25
1430-1445 22 31 50 40 43 66 55 60  45.9
1445-1500 50 38 55 53 28 95 45 50 58.0
1500-1515-— 40 52 45 36 54 55 31 57 7 46.25
1515-1530 44 81 40 23 47 55 55 62  50.9
1530-1545 33 43 59 44 53 51 27 50 45.0
1545-1600 37 35 51 56 45 53 59 64  50.0
1600-1615 60 66 63 32 45 48 50 €9 Shel
1615-1630 43 53 34 39 69 47 55 52 49.0
1630-1645 51 48 47 24 50 41 47 23 L41.4
1645-1700 79 51 50 30 84 B 65 69 60.75
1200-1715 79 55 41 42 89 B4 17 77  60.75
1715-1730 . 84 26 49 29 35 53 35 €6 47.1
1230-1745 73 73 70 26 34 35 45 4 43e4
1745-1800 116 75 59 29 57 45 33 36 40.25
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TABLE 5T - 7

Resultes of arrival rates of passengers at MIRPUR-] .bus stoppage

Periods ot | Dates in Feb. 1984.

the day 12. 13 14 15 16 19 22 23 _ Average
0800-0815 =~ 3 90 68 53 24 28 81 53.6
0815-0830 - 71 75 80 66 70 54 65 68.7
0830-0845 - 4 109 95 139 133 84 46 97.1
0845-0900 - 66 97 78 82 159 76 107 95.0
0900-0915 - 70 99 152 99 112 96 90 102.6
0915-0930 - . a 21 79 46 93 70 75 70.7
0930-0945 - 69 47 80 49 112 68 62 69.6
0945-1000 - Ly 46 63 58 77 81 105  67.7
1000-1015 - 74 29 122 108 108 49 73 93.3
1015~1030 - 61 69 37 66 63 111 58 75.7
1030-1045 - 9% 73 58 130 49 71 " 73.7
1045-1100 - 0 07 23 73 92 87 55 553
1400-1415 - 82 73 21 33 31 27 51 L5.4
1415-1430 - 151 6% 52 43 21 33 57 60.6
W430-1445 - 78 44 Sk 48 47 31 57 51.3
1445~1500 - 9 L2 39 57 44 63 63 58..1
1500-1515 - 7?77 39 39 55 38 45 32  46.4
15151530 - 78 18 50 63 38 43 58 49.7
1530-1545 . - 63 26 48 108 56 41 72 59..1
1545-1600 - 62 50 94 68 41 45 60 60.0
1600-1615 - 69 139 51 64 88 4O 55 72.3
1615-1630 - 103 28 45 88 54 51 67 - 62.3
1630~1645 - 105 114 62 93 58 73 58  80.4
1645-1700 - 103 87 127 80 7?6 41 64 82.6
1700-1715 - 101 58 61 110 105 57 72  81.3
1215-1730 - 183 75 86 94 74 104 110  103.4
17301245 - 241 93 173 135 121 94 175 147.1

1745-1800 - 180 119 105 206 115 88 173 ° 140.9
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TABLE 5T - 8

Resulta for the service rate of passengers at Malibag-stoppage

75

Periode of

Dates in. Feb.1984.

, Averége

the day 12 V35- 14 15 16 19 22 23
0800-0815 30 115 132 - - - - - 92.3
0815-0830 LO 35 - 59 -~ - - - - L7
0830-0845 91 45 91 - - - - - 75.7
084 5-0900 77 159 50 - - - - - 95.%
0900-0915, 75 73 1 - - - - - 86.3
0915-0930 60 37 51 - - - - - 49,3
0930-0945 5 35 78 - - - - - 5. %
0945-1000 15 24 38 - - - - - 25.7
1000-1015 30 32 34 - - - - - 32.0
1015-1030 00 40 24 - - - - - 21.3
1030-1045 00 30 61 - - - - - - 30.3
1045-1100 00 53 33 = - - - - 27.7
1400~1415 49 25 00 - - - - - 24.7
14151430 20 4 48 - - - - - 37.3
14,30-1445 20 18 21 - - - - - 19.7
14451500 26 26 16 - - - - - 22,7
1500-1515 60 28 63 - - - - - 50.3
1515-1530 15 44 19 - - - - - 26.0
1530-1545 60 31 - 24 - - - - - 38.3
1545-1600 00 30 54, - - - - - 28.0
1600-1615 18 48 37 - - - - - 4.3
1615-1630 60 23 25 - - - - - %6.0
1630-1645 20 48 29 - - - - - 32.3
1645-1700 25 40 70 - - - - - 45.0
1700-1715 61 98 25 - - - - - 61.3
1715-1730 63 48 30 - - - - - 47.0
1730=1745 30 35 5 - - - - - 38.3

45 32 79 - - - - - 520

1745~1800
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TABLE 5T - Q

Results for the service rates of the passengers at FARMGATE-station

Periods of Dates in Feb, 1984. .

the day 12 1% 1L 15 16 19 22 25 Average
0800-0815 140 73 148 115 181 93 48 164 120.25
0815-0830 119 109 108 84 239 51 88 60 107.25
0830-0845 128 127 99 79 257 54, 127 142 126.625
084 5~0900 109 80 87 63 229 185 126 99 122,25
0900-0915 110 85 83 122 148 38 186 85 107.125
0915-0330 Wy 53 109 98 166 67 65 63 95.625
0930--0945 95 67 96 117 141 112 120 122 108.75
0945<1000 111 107 65 68 159 81 76 131 99.75
1000-1015 140 101 98 56 114 177 184 89 119.875
1015-1030 70 61 54 32 158 138 93 95 87.625
1030-1045 68 82 59 34 169 103 177 108 100.0
1045~1100 39 29 129 L4 226. 106 89 137 99.875
1400-1415 90 57 86 153 199 120 151 98 119.25
1415-1430 84 147 35 164 297 97 129 95 131.0
1430-1445 81 80 107 209 146 65 158 94 117.5
1445-1500 58 73 81 169 218 60 157 126 117.75
1500-1515 77 7& 159 201 280 46 111 109  131.875
1515-1530 37 104 91 247 217 86 159 125 145.75
1530-1545 63 59 83 209 201. 71 88 123 112.125
1545-1600 L2 121 56 189 230 118 165 131 .  131.5
1600-1615 31 67 115 216 191 94 130 143 123,375
1615-1630 69 69 54 196 206 L2 117 123 109.5
1630-1645 62 41 74 162 265 83 91 48 103.25
1645-1700 48 29 46 237 199 81 158 936 117,0
1700-1715 46 108 51 248 199 99 132 179 132.75
1715-1730 45 75 80 323 276 111 88 73 133.875
1730-1745 - 56 82 63 474 267 95 177 63 159.625

1745-1800 b2 97 87 199 169 174 121 69 119.75
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Results for the service rate of passengers at ASADGATE stoppage..

Periads of Dates in Feb. 1984,

the day 12 1% 14 15 16 19 22 23 Average.
0800-0815 17 47 56 66 36 43 51 o4 L3.75
0815-0830 26 57 35 65 26 4O 26 37 39.00
0830-0845 15 61 47 63 27 5% 45 35 43,625
0845-0900 30 57 5 50 66 43 35 36 46.125
0900-0915 3% 42 63 35 41 46 35 40 Le.25
0915-0930 55 58 57 L2 74 44 32 29  4B8.875
0930-0945 29 37 50 51 35 40 36 39 39.625
0945-1000 68 %8 51 41 64 41 39 . 31 46.625
1000~1015 60 62 73 38 71 40 28 36 51.0
1015-1030 16 26 42 55 59 47 36 34 39.375
1030-1045 11 45 67 45 44y 41 34 46 41.625
1045-1100 50 38 48 49 45 48 52 29 44.875
1400-1415 4O 49 29 40 55 47. 50 33 L,2.875
1415-1430 66 28 37 32 4O 62 39 43 43.375
1430-1445 83 90 73 36 4] 50 34 - 47 56.75
1445-1500 75 726 80 51 64 42 20 76 60.5
1500-1515 97 80 48 54 37 67 41 59 60.375
1515-1530 55 71 66 64 66 100 72 55 68 .625
1530-1545 73 60 65 58 49 51 71 €9 62.0
11545-1600 60 L2 51 52 78 69 67 76 61.875
1600-1615 73 64 84 43 59 63 85 76 68.375
1615-1630 5 64 82 55 60 60 5 91 65.75
1630-1645 60 86 68 82 59 70 66 68 70.0
1645-1700 66 5% 58 67 93 66 60 67 66.25
1200-1715 62 52 24 57 70 63 57 88 59.125
1715-1730 83 62 20 60 67 54 51 64 57.625
1730-1745 81 58 14 47 59 65 76 72 59.0
17451800 73 71 01 61 131 75 90 89 7%.875
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Results for the service rate of passengers at KALYANPUR stoppage.

Periods of Dates in Feb. 1984. |
the day 213 14 15 16 19 22 23 Average
0800-081.5 11 2% 39 19 22 24 08 07 19.125
0815-0830 16 33 =25 18 09 06 06 06 14.9
0830-0845 13 38 09 28 13 09 08 09 15.9
08 45~-0900 14 16 17 14 12 08 04 21 13,2
0900-0915 23 28 11 15 05 13 10 14 14.9
0915-0930 2, 22 07 32 06 10 09 06  14.5
0930-0945 1M1 36 10 12 19 15 15 24 17.75
0945-1000 20 24 46 17 05 19 15 21 20.9
1000-1015 12 59 4O 20 15 09 18 22 IR
1015-1030 03 55 3® 48 13 29 23 25 29.25
1030-1045 1M 41 55 26 18 10 11 25  24.5
1045-1100 13 28 18 48 08 20 19 21 21.9
1400-1415 80 39 25 41 12 18 08 11 29.25
1415-1430 75 27 38 47 03 06 ‘02 10 26.0
1430-1445 51 51 16 36 18 32 05 04 26.6
1445-1500 32 15 43 41 06 15 24 08 23.1
11500-1515 05 21 39 30 36 11 07 21  21.25
1515-1530 37 48 39 27 08 09 08 22 24 .75
1530-1545 88 66 25 4O 30 03 12 24 36.0
1545-1600 88 44 35 64 4O 17 18 30 L2.0
1600-1615 40 45 S6 36 14 39 13 18 32.6
1615-1630 26 34 35 31 24 17 .18 12 24.6
1630-1645 30 32 12 3 10 29 34 31 26.75
1645-1200 . 50 40 11 23 29 12 18 60 30.4
1700-1715 159 34 14 25 50 25 13 119 54.9
1715-1730 450 59 13 21 30 31 10 110 39.25
1730-1745 55 65 14 26 35 35 02 60  36.5
1745-1800 59 85 17 31 22 25 19 66 41.75
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TABLE 5T - 12

Results for the service rate of passengers at TECHNICAL stoppage.

Periods of Dates in Feb. 1984.
the day 12 13 14 15 16 19 22 23 Average

0800-0815 35 49 47 41 50 68 123 53 58.25
08.15-08 20 L 66 33 22 28 &7 60 64 48.0
0830-0845 35 62 33 19 34 73 35 68 Lo 9
0845-0500 L2 60 32 33 2B yin 63 26 L .75
0900-0915 29 49 34 46 .32 . 55 S8 23 40.75
0915-0930 25 60 -24 58 44 53 53 49 - 45.75
0930-0945 38 52 37 54 35 43 32 51 42.75
0945-1000 22 52 520 57 49 4O 69 4y 48 .1
1000-1015 30 45 37 58 49 5% 20 34 40.75
1015-1030 17 48 27 51 36 L7 50 6l 421
1030-1055 14 44 37 32 22 45 . 46 33 3.1
1045-1100 - 47 47 51 5% 54 68 21 36 47.1
1400-1415 40 50 20 44 30 85 31 95 49 .4

1415-1430 34 128 25 39 29 67 41 71 54 25
1430-1445 22 31, 50 40 43 66 55 60 45.9

1445-1500 50 38 55 53 28 94 45 49 57.75
15001515 40 52 45 36 54 55 31 57 46.25

1515-1530 Ly 81 4O 23 47 55 55 62 50.9
1530-1545 33 43 59 44 53 51 27 %0 45.0
1545-1600 37 35 51 56 45 52 59 64 49.9
1600-1615 58 66 63 32 L5 48 50 68 53.75
16151630 43 53 34 39 69 47 55 50 L8.75
1630-1645 51 48 47 24 4O~ 41 47 21 39.9
1645~1700 79 51 50 30 55 58 65 69 571
1700~1715 79 55 41 L2 87 84 17 77 60.25
17151730 - 84 26 49 29 35 53 35 66 47.1
1730-1745 73 73 70 26 34 35 45 41 43,4
1745-1800 . 116 75 59 29 57 45 33 36  56.25
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Results for the service rate of passengere at MIRPUR-1 stoppage.

-

Periods of

Dates in Feb. 1984,

16

the day 12 13 14 15 19 22 23 Average
0800-0815 - 31 83 68 5% 24 28 77 52.0
0815-0830 - 59 75 80 66 70 52 65 66.7
0830-0845 - 66 100 95 136 133 84 46 94.3
0845-0900 - 62 97 78 82 159 76 107  94.4
0900-0915 - 67 N 152 99 112 96 90 101.0
0915-0930 - 74 49 79 46 93 68 75 69..1
0930-0945 - 69 47 80 49 112 64 62 69.0
0945-1000 - Ly 44 49 58 77 81 105  65.4
1000-1015 - 64 29 122 108 108 49 73 79.0
1015-1030 - 58 54 37 66 63 111 58  72.1
1030-1045 - 76 36 73 58 130 49 7N 70.4
1045-1100 - 4y 07 23 73 92 87 55 544
1400-1415 - 73 62 21 33 31 27 5 L2.6
1415-1430 - 143 58 52 43 21 33 57 58.1 -
1430-1445 - 70 39 St 48 47 AN 57 49.4
1445-1500 - 67 37 37 57 44 63 63 52.6
|1500-1515. - 61 34 37 53 38 45 32 42.9
1515-15350 - 66 18 45 63 38 43 58 47.3
1530-1545 - 51 26 46 105 56 41 72 56.7
1545-1600 - 52 42 88 68 41 45 60 56.7
1600-1615 - L4ty 126 48 64 75 40 55 64.6
1615-1630 - 77 25 45 .80 5S4 51 67  57.0
1.6%0-1645 - 98 96 55 82 58 69 58 73.7
1645-1700 - 93 60 112 67 76 41 64 73.3
1700-1715 - 80 50 54 110 105 57 77 76.1
1715-1730 - ‘110 52 53 94 74 104 110 85.3
1730-1745 - 179 66 144 130 114 94 173 128.6
1745-1800 - 137 91 88 192 105 88 173 124.9
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The difference between the demand ( arrival rate of Passengers)
and supply ( service rate of passengers ) » which is the actual
queue formation can. be shown,in,figureé 5.20 4 5.21 , 5.22 ,

523 5 5.24 , 5.25.

The average arri®al and serviece rates per fifteen minutes as
shown in figures ( figure’ 5«1 te 5.13 ) indicate that
these are fluctuating in nature . Thus theoretical. distribution
hamely poisson distribution may noﬁfbe a close fif.which requires

that. the above parameters take constant wvalues -

The average arrival rates of passengers in thelVarious stoppages
show that two sharp peaks exist., one in around 0800 to 0900 hrs.
in,the moruing and the ether in around 1700 to 1800 hrs. in  the
aftefnoon.. The lean;periodlis found around 1100 hrs. and 1400
hrs. But in Asadgate stoppage it is found to be nearly constant
-at 45 to 60 per. fifteen minutes period and in the Kalyanpur st-
Oppage the peaks are in the first half of the day in around 1030
hrs. with 84 per fifteen minutes geriod and in the afternoon 1715

hrs. with 118 per fifteem minutes period ..

The present study has revealed that the service mtes in the vario-
us. stoppages follow identiczsl pattern as those of the arrivals ..
This finding is not a surprise or a mere coincidence .. The expe~

| rience from the system operation has established this agreement .

For the Gulistan., Malibag , Farmgate ,. Asadgate , Kalyanpur ,
Technical , and Mirpur-1 stoppages the peak arrival rates of the
pPassengers. were found during 1400-1415 hrs., 0845-0500 hrs.,1730~
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1745 hrs., 17451800 hrs., 1700-1715 hrs., 1645-1715 hrs,, and
1730-1745 hrs., respectively . This shows that the highest arr-
ival rate in,general exists in the second half of the day inarou-

nd 1700 hrs.

On the other hand , the lowest arrival rates at these stoppages
were found during 0930-0945 hrs. , 1430-1445 hrs,. 1015-1030 hrs,
1015-1030 hrs., 0815-0830 hrs. , 1030-%045 hrs. .. Thus in gene-

ral the lowest arrival rates existed around 1000 hrs.

The positive’gap® between demand and supply of the resources(pa-
ssenger-carrying  capacity) are found to exist . This is reveagl-
ed from the present study and from the authorities . This abofe
mentioned 'gap'! of demanddsuﬁply-are evident from the figures

5.20 , 5.2 ., 5.22 , 5.23 , 5.24 , and 5.25 This 'gap' is
not desirable and may not be acceptable . The extent ofrthese'gapé
are showg.in.figures, - 5.1y .- 5.15 , 5.16 ; 5.17 ., 5.18 ,
and 5.19. It is found -that. there exists a positive ‘gap' -, the
reduction of which would require more services . It is observed
that the extent of 'gap' is the highest at the Farmgate znd Kal-
yanpur stoppages . Farmgate was considered as a critical stoppage.
But Kalyanpur should not be considered as. a critical stoppage. How-
ever-, the possible reason mgy be due to error in data collectiay;
othdr possible reason may be that this particular stoppage lacks
minimal facilities , thas most of the buses do not stop at this
station. . This requires that a further study may be carried out

on this stoppzge »
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5.3%.2. DETAILED RESULTS & DISCUSSIONS OF THE CRITICAL STOPPAGES
AT FARMGATE AND ASADGATE
It was mentionéd in the previous the critical stop-
pages at Farmgate and Asadgate . More complex situations are pre- |
vailing in these stoppages because of locality importance;trans-
portation networks, etc. The detailed analyses for these two stop-
pages were made using equations 5.1 through equation 5.8 1t may,
howener , be emphasized that a computer based solution. could be
appropriate . Bu} considering the enormbus volume of data for ei-
ther of these étoppages , only the Farmgate stoppage data were made
computer~based and a FORTRAN IV language was used . The computer
programme and the various results in the matrix form are shown in

Appendix .

Figures. . 5.26 and 5.32 show the average detention time per bus
in Farmgate and Asadgate stoppages respectivelj for the various pe-
rioﬁswogthedax-. This variable factor is found to be highly fluc=-
tuating ranging from. 1 second to 14 seconds per bus in Farmgate
stoprage . and 4L seconds to 8 seconds in average per fifteen minutes
period at Asadgate stoppage . From the figures it is seen that deten;
tion may take a value of zero as the buses arrive but do not stop

at. the station . Thus it has become evident that detentiom time de-
pends on queue length , available loading capacity on the bus(ran-

dom variable) and attitude of the driver .

Figures 5-2?: and 5.33% show the average bus arrival in terms.
of their capacity in different pariods of the day for these two
stoppages . The arrival rates of buses ( in terms of capacity of

passengers ) are observed to be nearly constant , thus indicating



Results fBr the detention: time(in seconds) per bus

TABLE

5T - 14

periods of the day at FARMGATE stoppage .

(detention time/number of buses)

98

in different

deriods of Dates in Feb. 198%4. , Time
he day. 12 T3 T 5 16 16 22 25 . %ﬁg

800-0815 34L/07 14/08 20712 23/12  19/11 13/10 996/9 22/15 13.58
815-0830 23/07 24/08 25/09 18/08  27/14 10/06 00/07 13/09 2.06

830-0845 26,08 34/10 24/09 120/8 55/20 13/07 11/11 15/08 3.68

845-0900  55/07 13/07 101/9 58/06 193/17 160/11 43/09 55/09 9.04

1900-0915  17/06  17/06 17/07 30712  67/2% 11708 16/09 11/12 2.24

)915-0930 19/07 10/04 19/08 25/10 54/26 16/10 03/08 11/15 1.78

930-0945 25/08 16/06. 20/08  27/10 43/19 24/17 10/13 35/12 2.15.
9L5-1000 48/08 102/9 16/07 15/09  406/26 25/13 39/12 24/13 6.96

000-1015 23/09 19/09 20/09 13/09 29/13 16/20 10/19 30/13 1.8

i015-1030  14/06. 16/05 16/06 08/06 17,17 13/20 00/14 16/10 1.19

030-1045 22/06. 13/06 -16/07 - 06/05- 1?2/12 06/10 66/12 19/12 2.36

0L5-1100 57/05 06/02 - 56/09 13/06. 11719 38/16 102/21 103/14 4.19

400-1415  30/09  08/06 1408  33/17 - 344/15 288/15 32/13 19/11 8.17

{L15-T430 16/06  24/10 O07/04 29/16 12/16 16/14 16/08 17/08 1.67

(4L30-1445 15/05 20/06 27/12 43/20 02/13 03/14 22/14 21/11  1.6]

{445-1500 48/04  56/07  63/06 159/16 03/10 45/12 102/13 62/13 6.64

1500-1515  16/06 19/07 35/14  33/14 0112 0010 17/14 19/15 1.52

1515-1530  06/04 17/08  30/06  43/19 08/15 10/14 21/14 19/14 1.64

530-1545 1005 14/06 20/08 43/20 07/15 15/15 1412 20/12 1.54

1545-1600 - 53/05 22/07 9%3/05 6113 91/14 17/12 58/11 112/14 6.33

1600-1615 07/0%3 21/05 18/08 29/16. 08/15 05/12 17/11 22/14 1.5

1615-1630 17/05 18/05 11/04 22/15 02/12 03/08 23/15 17/09 1.55

1630-1645 14/05 10/03 20/05 23/13 05/10 03/14 15/11 08/06 - 1.46

1645-1700  09/03  47/03 88/03 67/13 02/09 02/11 111/13 53/08 6.02

1900-1715 06,05 26/08 16/04 27/14 13/18 14/16 19/10 21/11 1.65
1715-1730 06/04 17/05 28/08 22/18 13/18 03/15 16/10 11/07 1.36

1730-1745 06/04 15/05 12/05 26/25 11716 01/16. 29/15 19/08 1.27
1745-1800  57/04  59/06 103/06 21/14 53/16 01/13 102/1599/13 5.69
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Results for the bus arrivals (in terms of capacity) in different

TABLE 5T- 15

periods of the day, at FARMGATE stoppage

Periods of Dates in Feb. 1984..

the day. 12 15 14 15 16. 19 22 23 Average
0800-0815 208 213 455 425 377 525 325 625  394.125
0815-0830 - 238 338 495 325 424 320 3320 375 355.625
0830-0845 315 505 380 405 602 425 515 360  438.375
08 45-0900 220 287 384 294 583 666 425 425 L423.0
0900-0915 315 340 295 565 722 430 435 550  456.5
0915-0930 261 225 K16 L4O4 842 570 396 625 L467.375
0930-0945 281 250 385 475 578 930 590 525 514.25
0945-1000 416 483 285 338 858 750 475 575 516.25
1000-1015 499 469 356 399 428 1146 770 665 591.5
1015-1030 234 208, 274 226 685 1125 560 445  469.625
1030-1045 296 230 270 226 472 527 544 585 393.75
1045-1100 211 105 505 212 590 854 875 595  493.375
1400-1415 370 225 420 539 431 792 585 485  480.875
1415-1430 = 285 4?3 158 508 496 745 365 360  423.75
1430-1445 270 355 606 620 370 610 595 555 - 497.625
1445-1500 170 319 267 518 397 645 595 595 438.25
1500-1515 327 330 610 514 419 505 585 630  490.0
1515-1530 180 395 350 679 500 720 620 590 04.25
1530-1545 275 255 330 663 53 615 505 545 L65.5
1545-1600 248 362 240 496 476 600 485 660  445.875
1600-1615 143 260 425 566 532 640 500 635 462,625
1615-1630 290 255 260 448 408 385 636 Lob - 385.875
1630-1645 285 210 300 457 358 745 450 260  383.125
1645-1700 182 145 175 499 354 690 590 395  378.75
1700-1715 320 L7 222 457 582 730 445 550 469.125
1715-1730 255 350 377 574 538 765 415 290  L448.0
1730-1745 250 292 265 1054 690 750 690 335 540,75
1745~-1800 280 262 302 555 490 605 650 485 453.625

100
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TABLE 5T - 16

Results for the average number of passengers running : through
the FARNGATE stoppage. '

Periods of Dates in Feb. 1984.
the day. 12 13 14 15 16 19 22 23 Average .

0800-0815 208 213 474 425 482 583 342 695 427.75
0815-0830 238 358 516 330 572 363 434 L4117 403.5
.|0830-0845 315 511 380 418 761 466 634 430 489.375
0845-0900 328 287 384 308 678 803 535 511 - 479.25
0900-0915 326 352 305 S87 756 498 551 555 491,25
0915-0930 261 233 427 457 854 632 484 636 498.0
0930-0945 418 258 410 529 632 985 713 560 563.125
0945-1000 426 441 285 338 866 796 530 618 537.5
1000-1015 499 479 371 399 463 1217 864 692 623.0
1015-1020 234 208 274 235 777 1221 645 515 513.625
1030-1045 304 239 278 234 638 527 606 663 436.125
1045-1100 - 211 105 510 217 720 907 920 665 531.875 -
1400-1415 394 231 467 599 591 801 745 572 550.0
1415-1430 335 502 180 562 721 745 430 449 478.0
1430-1445 300 371 643 694 496 610 690 668 559.0
15445-1500 180 350 281 592 611 649 669 695 503.375
1500-1515 357 357 668 628 678 505 640 693 565.75
1515-1530 204 429 381 777 764 733 788 6LS 590.125
1530-1545 306 265 362 773 680 615 564 671 529.5
1545-1600 267 3299 257 616 652 618 570 745 515.5
1600-1615 154 284 4H6 730 €95 640 557 723 529.8%5
1615-1630 315 275 287 571 599 395 736 505 460.375
1630-1645 328 244 345 524 526 745 520 317 4h3.625
1645-1700 216 153 201 687 503 695 743 523 465.125
1700-1715 367 499 266 621 718 730 545 730 559.5
1715-1730 288 391 396 764 811 765 490 349 531.75
[1730-1745 290 302 271 1373 977 765 907 392 659.625
1745-1800 306 279 341 794 752 635 726 492 540.625
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T@BLE st - 17

Results for the overloading rate in different periods of the day

at ASADGATE stoppage .

105

Periods of

Dates in Feb. 1984.

the day . 12 13 14 15 16 19 22 23 Average
0800-0815 00 00 00 00 00 00 00 00 00
0815-0830 o2 00 00 00 00 Q0O 00 00 0.25
0830-0845 00 00 00 00 00 ©00 00 00 00
0845-0900 00 00 00 00 00 00 00 00 00
0900-0915 12 00 00 00 00 OO0 00 00 1.625
0915-0930 03 00 00 00 00 00 00 00 0.375
0930-0945 00 00 00 ©00 00 00 00 00 00
0945-1000 00 00 00 00 00O 09 00 00 1.125
1000-1015 00 00 00 . 15 ©00 00 00 00 1.875
1015-1030 00 00 00 00 00 09 00 0O 1.125
1030-1045 . 00 00 10 00 00 00 00 00 1.25
1045-1100 00 00 00 00 00 00 00 00 00
1400-1415 10 23 00 30 38 15 42 39 24,625
1415-1430 5, 18 00 09 26 24 38 55 28.0
14301445 72 39 00 22 28 23 37 64 35.625
1445-1500 25 .5 00 39 52 32 23 70 36.75
1500-1515 400 60 07 52 33 39 49 61 42.625
1515-1530 00 58 13 50 40 57 62 69 43,625
1530-1545 00 4 i3 50 35 3 75 L 35.875
1545-1600 03 24 09 38 56 51 46 43 33.75
1600-1615 48 4O 08 45 48 38 83 75  47.875
1615-1630 00 27 35 49 50 46 56 75 42.25
1630-1645 00 68 27 60 50 66 64 56 48.875
1645-1700 26 44 30 39 52 58 67 59 46.875
1700-1715 32 27 25 45 37 51 54 55 38.25
1715-1730 45 35 13 31 L4 37 41 5y 37.5
1730-1745 48 28 40 37 32 44 48 Ly 40.125
1745-1800 64 45 32 34 35 55 62 6l 48.5
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Resulta for the total number of passengers running through the
ASADGATE stoppage .

TABLE 5T - 18,

107

665

Periods of Dates in Feb. 1984. _

the day. 12 13 14 15 16 19 22 23 Average
0800-0815 861 496 531 565 394 399 532 461  529.875
0815-0830 844  6L3 433 605 423 534 431 573  560.875
0830-0845 614 821 - 502 725 465 601 495 532 594.375
0845-0900 973 921 714 705 954 534 495 464 720.0
0900-0915 802 824 1178 625 891 720 605 567  776.5
0915-0930 1037 930 856 820 1165 863 676 500 855.875
0930-0945 580 823 1085 875 890 783 570 637  780.375
0945-1000 1178 601 1006 850 1060 827 818 610 868.75
1000-1015 202 1138 1245 895 988 613 392 674 830.875
1015-1030 290 413 782 650 816 658 536 538  585.375
1030-1045 070 561 687 470 604 679 765 814  B583.75
1045-1100 480 527 632 495 497 812 703 680  600.75
1400-1415 463 490 385 458 710 410 499 397  476.5
1415-1430 1000- 339 602 - 401 415 460 501 516  529.25
1430-1445 7L5 647 824 415 450 489 463 596  578.625
1445-1500 767 763 938 540 724 566 345 676  664.875
1500-1515 1030 890 819 869 460 649 551 629  737.125
1515-1530 711 780 823 767 576 836 556 997  755.75
1530-1545 1077 535 693 765 502 637 712 936  738.375
1545-1600 924 38y, 766 722 804 582 - 536 615  666.625
1600-1615 1134 561 1043 647 755 603 865 1000 826.0
1615-1630 904 495 743 595 582 545 655 1071 698.75
1630-1645 863 904 . 485 632 867 877. 736 590  744.25
11645-1700 814 634 567 538 697 878 888 738 719.25
1700-1715 783 469 451 497 673 728 570 693  608.0
1715-1730 1164 478 373 636 710 535 537 624  632.125
1730-1745 973  L61 428 498 499 608 653 574  586.75
1745-18C0 1085 491 497 1078 766 772 732 760.75
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TABLE 5T - 19

Results for the detention time (in seconds) in-different peridds
of the day at ASADGATE stoppage -

109

Periods of Dates in Feb., 1984.
the day. 12 15 14 15 16 19 22 23 Average
0800-0815 08 16 05 00 04 05 03 05 5.75
0815-0830 10 13 07 00 O4 05 05 02  5.75
0830-0845 07 18 08 00 O4 O4 06 03 6.25
0845-0900 09 15 09 00 05 06 08 03 6.875
0900-0915 17 13 07 00 O4 O4 03 04 6.5
0915-0930 - 1, 12 10 00 03 03 06 O4 6.5
0930-0945 09 11 10 00 03 04 05 07 6.125
0945-1000 12 11 12 00 09 06 04 03 7.25
1000-1015 12 12 10 00 08 02 04 07 6.875
1015-1030 02 10 07 00 03 04 04 02 4.0
1030-1045 . 01 12 07 00 05 03 05 06 4.875
1045-1100 11 11 02 .00 05 02 03 O1 L.375
1400-1415 o7 09 10 06 02 O4 03— 05 5.75
1415-1430 15 08 06 06 06 06 04 03 6.75
1430-1445 10 .12 o6 05 06 03 07 05 6.75
1445-1500 08 11. 08 05 04 O O4 03 5.875
1500-1515 15 14 02 04 07 O4 04 O4 6.75
15151530 11 12 07 03 05 04 Q7 04 6..625
153%0-1545 08 12 05 02 07 O4 05 Oy 5.875
1545-1600 09 08 02 03 07 06 02 04 5.125
1600-1615 09 11 06 05 07 04 05 03 6.25
11615-1630 13 09 06 03 04 03 02 04 5.5
1630-1645 4 12 06 03 04 O4 03 Q2 6.0
1645-1700 11 13 05 05 06 02 02 02 5.75
1700-1715 09 09 08 04 05 04 02 03 5.5
1715-1730 ‘08 08 06 04 03 06 04 O4 5.375
1730-1745 12 08 06 05 03 03 02 03 5.25
1745-1800 10 09 06 06 01 03 06 03 5.5
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TABLE 5T - 20

Results for the bus-arrival rate (in terms of capacity) at ASADGATE

stoppage .

Periods of Dates in Feb. 1984.

the day. 12 13 4 15 6. 19 22 23 Average
0800-0815 861 496 531 565 394 399 532 461  529.875
0815-0830 842 643 433 605 423 534 431 574  560.625
0830-0845 614 821 502 725 465 601 495 532  594.375
0845-0900 973 921 714 705 954 B34 495 464  720.0
0900-0915 789 824 1178 625 891 720 605 567  774.875
0915-0930 1034 930 856 820 1165 863 676 500 855.5
0930-0945 580 823 1085 875 890 783 570 637  780.375
094 5-1000 1178 601 1006 850 1060 818 818 610 867.625
1000-1015 702 1138 1245 880 988 613 392 674 829.0
1015-1030 290 413 782 650 816 649 536 538  584.25
1030-1045 070 561 677 470 604 697 785 814  582.5
1045-1100 480 527 632 475 497 B12 703 680  600.75
1400-1415 453 - 467 - 385 428 672 -395 457 358  451.875
1415-1430 946 321 602 392 389 436 463 461  501.25 |
14301445 673 608 824 393 L22 466 426 532  543.0
11445-1500 752 710 938 501 672 534 322 606 628.125
1500-1515 990 830 819 817 427 610 502 568  695.375
1515-1530 711 722 823 717 536 779 494 928  713.75
1530~1545 1077 544k 680 715 L67 606 639 892 702.5
1545-1600 921 360 757 684 748 531 490 572 632.875
1600~1615 1086 521 1035 602 707 565 782 927  7278.125
1615-1630 904 468 743 546 532 499 599 996  660.875
1630~1645 863 83 u4b2 572 817 811 672 534  695.875
1645-1700 788 590 537 499 645 B20 821 679  672.375
1700-1715 751 442 426 452 636 677 536 638 569.75
1715-1730 1119 443 360 605 666 498 496 570  594.625
1730-1745 925 433 388 461 467 564 605 530  546.625
1745-1800 1021 572 459 463 1043 711 710 671  706.25
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a likely of poisson distribution for such events . Figures nos.
5.28 and 5.31 shows the average throughput of passengers at
these two stations in different periods of the day . The high-
est throughputs are observed at 0900 hrs. and 1600 hrs. of each
day . It peenms tﬁat sﬁfficient data collected over a long period
of the year would perhaps show that these distributions would

fit the poisson distribution .

The naturé of the service rates in various periods are shown in
figure no. 5.29 . for the Asadgate stoppage‘.aFigure no. 5.30
shows the average ovéerloading rate in.varioué Pericds_of the day.
An interssting phenomenon is observed from these studies that the
overloading rate is negligible at morming period but very Eigh at
afternoon . This is obvious as flow direction of passengers is
towards city during the first hzlf of the day and this reverses

at the afternoon .

The objective of the present work was to assess tlie 'gap' of de-
mand-supply of the service facilities ; however , the possible
ways and means to'reduce this teap' may not be suggested at this
point . A cost~henifit study may be warranted before‘any decision
to increase the resoufées - Bt it ig felt that better operational

management may improve this situation .



Chapter VI

CONCLUSSIONS & RECOMMENDATIONS

L
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CHAPTER VI

CONCLUSSIORNS &. R.E COMMENDATIONS

In order to achiews the abjective of the present work in assessing
the resources ( passenger-carrying transports ) requirements during .
the peak periods of the day_ the 'gap' between the demand and supply
situstion of the bus transports in the Gulistan-Mirpur route of the

Dhaka City was determined .

This 'gap' is quite sizeable and needs to be lowered down to some
acceptable range . The performance 6f the system is affected due
to reasons such as :

i) lack of application of scientific methodology in planning and
scheduling of transports ,

ii) shortage of transports ,

iii) operational inefficiency , and _

iw) attitude and behaviour‘pétternfof the*public'('unhearthy-n?rms

towards discipline and order ) .

From the present work it has become evident that the prevailing
positive “gap' of demand-supply is one of the important reasons
of uﬁplanned qﬁéué}formationtand dissatisfaction amonst the pass-

engers toward the service .

The two critical stoppages are the two important bus stoppages
in the city . This require major modifications and facilities

development . Nonetheless , from the present analysis it 1is

‘...__.
N
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revealed that further study needs to be made on the Kalyanpur
stoppage . This stoppage also needs. facilities development.To
improve the performance of the transport system of the-City, a
detalled and comprehensive study may be suggested . This would
need hasic data collection which would become a daunting task
uniess some infra-structure is developed in the stoppages. One
such infra-structure facility for passenger-queueing is given

in figures 6.1 and 6.2.

This queueing arrangement is not a newer concept rather z much
used in the developed world . A similar arrangement exists_in. . ﬂ;
the céntonment area of Dhaka City . This may be infefred that
with this arrangement the behaviour pattern of the public in

the queue could be improved and thus queue jumping and indis-—
cipline amongst them could be avoidéd . This would further be-
nefit in'tefm5~of évoidance of. crovding and unhappy congestion

in front of the stoppage thus help'smooth and normal flow of

traffic,

An assessment of the resource requirement to reduce the !'gap!

( mentioned earlier ) has been made for example .to Farmgate st-
oppage in particular . This is shown in. table 6T.1. Should a st-.
andard BRTC bus ofjbapacity of 70 passengers being-considered s
the total number of éxtra buses* service requiréd in seven hours
is thirty six . Thus an average of five buses are required per

hour .

This means that a few extra ¢ . . . number of buses are to be added
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TABLE 6T - ¥

Results for the proposal to give service to the extra number of
passengers 1in the existing transportation system at FARMGATE
stoppage in Gulistan-Mirpur hus-route . '

Periods of Dates in Feh. 1984. ?Xtrd BrIC
the day. 12 13 15 15 16 19 2z 23 Total bus reqd.
per hour

0800-0815 00 00 47 00 172 92 17 73

0815-0830 00 46 55 27 235 57 122 45

0830-0845 00 08 00 5 174 42 149 82

0845-0900 08 00 00 36 105 144 123 92

0900-0915 21 38 25 62 34 71 129 07

0915-0930 00 18 27 72 12 67 94 13

0920-0945 37 22 63 112 56 80 143 38

0945~1000 10 24, 02 00 08 49 72 45

1000-1015 00 30 41 00 35 90 126 30

1015-1030 00 00 00 20 92 96 107 75

1030-1045 08 25 25 20 190 00 72 78

1045-1100 00 00 07 11 174 53 84 78

1400-1415 7% 22 134 162 219 13 174 94

1415-1430 121 70 54 174 303 14 89 113

1430-1445 75 58 81 103 155 05 110 116

144 5-1500 % 84 32 107 294 O4 79 118

1500-1515 ~ 74 68 144 163 408 00 77 71
{1515-1530 64 34 80 142 423 13 228 69

1530-1545 82 19 71 151 165 00 81 147

1545-1600 62 87 37 166 197 18 97 89

1600-1615 17 57 80 258 173 00 79 110

1615-1630 57 45 59 164 347 10 116 135

1630-1645 102 65 108 95 299 o0 88 82

1645-1700 82 18 63 263 273 05 181 136

1700-1715 124 127 78 229 190 00 132 216

1715-1730 100 97 47 251 366 00 122 94

1730-1745 108 38 06 456 LOL 15 374 87

1745-1800 66 60 98 349 411 30 87 07
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to the existing fleet s0 that additional 5x70 i.e. 350 passen-

gers could be served per hour from this stoppage .

In the present work , dﬁe to the time limitations ; the assess-
ment has been carried out for the passenger carrying transports
in. the Gulistan-Mirpur bus route of Dhaka City .. Alsc an overall
picture of the existing tranmsport system in the entire Dhazka
City can be drawn. from this work for further study‘tb be cafried

out in future .

Any future study would require basic data which are to be colled-
ted for the existing system . A computer-based data bank may be
established s0 that planning and scheduling of buses in a forward
week may be done ©beforehand . The infrafstructure facilities. for
the stoppages are to be developed and measureé,may be taken. to
make the public.more disciplined and that their attitude he cha--

nged si that proper gueue could be maintained .
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IF (tax
ISuMi=t
I5UM2=(3

ISUM3=t Y
[SuMasto-L1In
ISUMS=T1T7+19+T71"
tSuMs=19
ISuUMI2=13+18
KOUNT =1 !
tF KITEST.EO-U!!KO
READL 1.5, IND=ARA )]
1F ([4.6T.N.02,{N=1I
KOUNT=KOUNT &1
(SUML=ISULt1+{5-14
ISUM2=TSU4 23
ISUM3z [SUAZ+[7
ISUMA=TISUAA+EG-11"
[SUMS=ESUMIS+IT #1241
[SUME=TSU16+1R
[SUM] 2=15/412+ 13418
GO TO 10

WRITE 3,501 Y,.1SUum
FDPMAT (14 , PX, 315

ﬂC

MA {NDPGY DATE LtasnT/BA

ME 1S NONE AY EZHADUL HAQUE

Z7 1N PNAME DF THE STATION = FARYGATE Y 4/ /)

X,y'DATS SET = DAY*,12,/)

a,19, 010

-

1~

e T iy P

Tiure 1R .52.0R PAGE™ €L~

!-KUUHT.TSUHE‘ISU!B-IQUHQ.ISUH=.ISU46.ISUHI? -

P 168X 1A 42X, 15,312%14))

tF (1J4.EQ. 1Y GO TD 577

1IF1ID.EQ+3) STOD
GO 7O 30
1J=1

GO TQ 3
FORMAT [ 1M ,
10TAL® w7/ 1H
2ASS5EH .Y /1 H
IPYT /Y
FORMATI IS, 3%, 1
sSTOP

END

aus ND. BUS ARR, PASSFEN ORS. PASSN OR%=. T

“C . RUN - Wl 5T REAVED U= PATF

e T T A% T4, AY 1A AN, T2, T 2%, 12,4Y,

TME
NTa wAlTG AUS CARACITY GERS QUE~ ARR. ovyrR- ©
.SB

LOADG THRU-

12,4%,127

hd

—;

o T ack

="

e T

921
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i iResuEtSobtained from COmpPUter..analysis Cim s i s miwd. . < . -

- . . At

Ly - . - - P PR . -
Y Lo .o o I
. ] 10O .. _NAME OF YHE .STATION & FARMGATE -+~ ﬁ.,g,-f"ﬂ\',’__? PR
C DATA SET w DAY |
TIME Aus NO. DUS 2RR, PASSEN DOBS. DASSH 0oBS. TYOTAL
P INT, WAITG BUS CAPALITY GERS  OUE- AnhR, DVER- PASSEN,
: SEC. RUN =WISE  SERVED UL HATE LOADG THRU-oUY
815 xa T 208 140 N 140 ] 2ra
( Aa3n 23 T . 238 119 a 1o o 238
aas  zf a 3% 172R 6 12n ~  ms
9~ 85 ’ 329 100 0 109 A 328
915 17 & IS 1A in 12+ 1 326
; 93 19 7 261 1es " 188 ¢ 2Aa
¢ 945 2% a 3e 95 - &S5 ay  ais
toen &g a M6 g a 111 10 &26
111s 23 9 a99 te0 n 1480 0 499
¢ 1039 18 6 23a 70 n 70 A 23s
1045 22 6 295 e8 o €9 A 3nrs
110n 57 s 211 a9 " 30 © 211
1415 an 9 i o] on -1n tam~ Z2a 1=}
I 1430 16 & 285 Be -15 1S5 5~  37s
1aas 15 s 270 BY —o 12 3n 300
1S0n 4A H 170 S8 -6 aa o e
1515 ts 6 327 77 -14 12y 3n  asz
. 153° 6 N 189 a7 - 16 r 24 27a
! 1548 16 5 275 63 ~13  tra 3t ane
167D 53 5  n4B az -15 < 19 267
1615 7 3 1a3 3y . =6 7 1 154
1630 17 5 290 69 A 15t 25 315
' 1645 14 s 295 62 -9 42 a3 3zs
L70n 9 3 182 4B -4 a= 3a 216
1715 5 5 3z2n a6 3 a7 367
. 1730 6 a 2ss a5 1 trz 33 284
1745 [ L] asn 56 18 | at bgzlal
1800 57 a 2R% 42 6 o= 26 3
‘ DATA SET = DAY 2

TIME BUS NO. BUS YRA. PASSEN 0DBS., PriEe T2S5. TOTAL
INT. wAITG BUS CAPAZ1TY GERS QUE- aF3. DVvER=- PASSEN.
SFC. RUN -WISE SERVED UE AT LCADG THRU=-PUT

B1s  1a 8 213 71 - - 0o =213

. B3r 26 a 338 1n9 z 1= 20 358
gas 3a 106 SRS 127 2 = & Sl

ear 13 7 287 an n - ~ 2A7

ais 17 6 340 as -2 v 12 3sz

( 930 1A 4 225 53 2 T 8 223
9as 16 6 250 &7 -s a B 28

trnn 102 9 A3 157 -6 = B aa)

1015 19 9 ag9 101 -8 1= 1 are

. 1030 16 5 208 61 n =i T

{ 1045 13 6 231 Az -4 = ¢ 239
1100 - 2 105 29 n - o 10s

1415 8 & 225 57 n = & 231

1a3% 24 10 a7T3 147 “py oy 20 542

L 1aas 2 6 355 an -2 = 16 I
1500 S& 7 39 73 -1 = 21 35

1515 19 7 3 72 -5 ncE 27 3sr

¢ 1530 16 8 3as5 108 noes as a9
. 1545 14 & 255 59 -1 aa 10 265
160n 22 7 36z 121 A qTT 37 399

1615 21 5 260 6T -3 24 2pa

162~ 18 5 255 69 -13 G 20 27s

¢ 1645 Ap 3 218 a1 -7 =z 3a 288
170n a7 3 1as 29 2 == 8 153

1715 26 A 447 198 -0 aEz 52 a0

1730 17 5 35~ 75 6 7 a1 3o

C 1745 1S 5 2492 82 - i 1n 3r2
tRO0 59 & 262 a7 2T pam 17 279

L. DATA SET = DAY 3

TIME RUS M. BUS ARR. PASSEN 0B85, PASSY 035. TOTAL
P TNT. wAITG NUS CAoAZ ITY GERS OUS- ADR, DOVER- PASSEN.

{ SEC. PUN =WISE SEPVED UE RAYE [ 0ADG THRU-PUT
12 ass 148 19 ATs
G  a95 10A 21 516
L 380 99 n agn
384 a7 0 3ra
295 a3 .10 30sS
- 416 109 11 427
C 38% 96 25 4"
N 288 6% n 285
f ase 98 15 37
27TA -1 ) [+] 2T4
@] 279 5g e =278
Eal 129 5 510
a2n . 47  A67
. 22 ..180
G 37 T 8a3

281
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ok ke .? *-‘-f’* w A ren G T e T -
- ' \—_ MA q : A ﬁ:& \!‘1 er Tiber %o . ! L35 fiA .

Moy £+ ! ¥ 3 Pl sy P . '

B ¥ ~3-Results 5% kﬁ"“’ Ford R IRty : : “
‘ obtalned f ey 1P - .
=% b AR, "y

e AN SRS &2 e r W T {_____“L_#{'giﬂsioimﬂp}}iirxgpal " -‘*-

q ii ¥ . o — et
B T2 PR R W Y
R (= »=y 8 F“j; ..,"'" - - :3; i ”——. e Vg --— 'E:-'o-'“-h o e ) .
- T &I R R R T Gl T -‘ mu"set o. DAY : purt=rl e
Bewr b R e i W ek . o fT:-r:..-:f:::er A I i S T
.. a s T Mgy TAE L e e -‘P;;;;"“'nne--sus BIND, TAUS "ARA. " PASSEN . 0857 PASSN oss. TOTAL
I e "3 0‘ . -~ iy R INT. WAITG ' BUS* CAPACITY GERS  QUE- ARR. .OVER~- PASSEN.
R | oo e Qe Fimes, r SECH I RUN WIS E g SEHVED VE & RRT'E...LDADG THRU-SUT
. ~ puli . |

- g A e e e 23 w-:zv'n-azs i ;us s d DUEL113 L 0 A2S
4 , a3 18 a nas v s 14 0 ~106 ~ ' , 330
L ) 245 120 8 ans 19 29 122 13 419
) 90n s8 6 294 63 16 es 14 308
i 915 32 12 565 122 22 162 z2 587
c - 930 25 i0 ao0a on -1 117 53  a57
9as 27 10 A7S T an 175 sa 529
1007 1% 9 338 LY: o &8 o 338
1n15 13 o 399 56 n 56 - 399
c 1030 e 6 226 32 1 az 9 235
. 104% 3 s 226 3a -2 46 6 234
1100 13 6 z12 a4 & 5= 5 217
1815 33 17 539 153 sn 2s5 60 599
- 1430 29 16 s08 164 6o 284 54  SC2
’ ’ 1445 43 20 620 2ng 29 238 74 694
151" 159 16 SiB 169 17 zce2 74 592
1515 a3 18 514 2nt 27 250 114 628
3 - 1530 23 19 679 287 26 291 on 177
. 1545 a3 20 663 209 25 25 yin 773
1600 61 13 496 189 3z 235 1206 616
! : 161S 29 16 566 216 a2 e 168 T390
C 1631 22 15 4a8 196 ay 237 123 STl
: 1645 23 13 as7 162 1™ 197 67 S2a
1700 67 13 a99 237 ag M2 188  &BT
1715 27 14 as7 248 65 32 164 621
I 1730 22 18 574 323 61 384 190  TE4
1745 26 25 1054 474 st et 319 13713
1800 21 14 5SS 109 an 309 239 794

e DATA SET = DAY S5 .

TIME BUS ND. BUS \RRP. PASSEN 085. PASSN D8S. TOTAL
INT. wATTG BUS CAPACITY GEIRS OUE- ARR. DVER- PASSEM,.

¢ SEC. RUN -—WI3E SERVEN UE RATE LOADG THRU-PUT
815 19 11 arr 181 67 248 105 482
p e3n 27 18 a2a 239 8T 326 148 572
. gas 55 20 602 257 15 272 tse  TE1
oon 193 17 583 229 1C 239 95 678
o1ts 67 23 722 148 o 148 aa 756
- - 9an 54 26 naz 166 n 166 12 asa
Y a3 19 578 141 2 143 sa 637
. 1600 BAOE 26 858 159 ~ 159 A 864
1015 29 i3 428 118 o 114 25 AE3
e 103 17 17 685 158 n 158 92 777
1045 17 12 Aa72 169 2a 193 168 63A
110n =11 19 599 226 aa 270 130 720
' 1415 —-34a 15 431 199 50 258 160 50}
- —_ _ N 1430 12 16 496 297 7R 375 225 721
- L - e 1885 > 13 am ok 20 175 126 49
) 1500 3 10 a7 218 A" 29a 214 611
1515 1 12 a9 280 149 aza 259 6&7A
G- 1530 B 15 500 AT 159 a7e 264 TEA
1545 7 15 536 201 21 222 144 682 '
16N5 91 14 A76 230 21 251 176 652
1615 8 15 532 191 SN 201 163 695
( 1630 2 12 An6 206 156 362 191 509
1645 s 10 ass 265 131 396 168 S52¢&
tnn -2 Q asa 199 124 322 tag™ 5n3
1715 13 18 582 199 54 252 136 718
¢ 1730 13 18 558 276 113 Ipa 253 el
. 1745 11 16 697 267 117 apa 787 977
1gon  ~S3 16 290 169 149 I8 262 TS2
C DATA SET = DAY 6
- . TIME BUS ND. BUS nRP. PASSEN 0B5. DASSN NDS. T0TAL
Ccoo .INT. WAITG BUS CAPAI ITY GERS oU=~ ARR. OVER- PASSEN.
* SEC. RUN ~-WISE SERVED UF RATE LOADG THRU-PUT
. 815 13 10 525 93 10 127 sa SA3
e am 10 329 St 14 65 a3 363
G 845 13 425 54 1 S5 a1 466
900 1660 666 185 -7 192 137 an3
915 1" a3n 38 3 ay &8 498
C 93n 16 S70 67 & 73 62 632
: 945 24 939 12 25 137 55  9RS
{ 100n  -25 . 750 a1 3 7Y a6 796
. ) 1015 - 16 1146 177 19 196 71 1217
; . - 1030 13 1125 136 r 138 96 1221
Q 10nas 6 527 1n3 n 103 ° 527
“ - 1100 =38 854 106 n 106 s3 907
y vyttt L 1415 ~2868 792 120 - 8 128 9 B"
16 745 97 1a 111 - 0 78S
3 610 65 - 70 0 619
a5 6as &0 ] 60 4 649
0 505 46 ., T0 a6~ - 0  S0S
10 720 e . O 86 13 733
15 615 71 2 T 0 615
AT en ' 118 o 118 - 18 G1A
=8 6AD mny 98 4 0 .96 -0 7 6aD
=3 FBBS L. (1,82 w0 a2 e 10 39S
* 3 b Tas . <P B3 ti oW 0 2 B3 745
- 1 spwhadiar

ONOTINO
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DATA SET o DAY 7
TIME BUS NO. BUS ARR., PASSEN OBS. P4ASSN 0AS. TOTAL
( INT., WAITG BUS CAPACITY GERS GUE- ‘aRR. OVER- PASSEN.
SECe RUN ~WISE SERVEN UE RATE LDADG THRU-DUT
815 996 9 325 ap n a8 17 342
. 8an n T 330 1 18 106 104 a3
* RAS 11 11 515 127 an 157 119 624
90N a3 9 425 126 13 139 110 535
915 16 9 435 186 12 199 e 551
C 930 -3 8 396 65 6 71 88 aBa
ass 1n 13 sgn t20 2n 148" 123 na
joon EL] 12 475 76 17 o1 55 5an
1015 10 19 TTO0 184 32 216 94 868
'S 103N o 14 56N %1 22 115 85 ' 6as .
1045 66 12 Saa 1TT 10 187 62 606
1100 102 21 ars B9 ™~ t 28 as 920
1815 3z 13 sS85 151 14 165 160 TAS
IS . 1837 16 8 365 129 24 153 . 65 aan
5 1845 22 14 595 158 15 173 95 690
150n 102 13 595 157 s 162 T4 669
1515 17 1a 585 1"t 22 133 55 647
¢ 1530 21 18 62" 159 6" 219 168 788
1545 14 12 Sn5 as 22 1in 50 564 .
1600 s8 11 485 165 12 177 8s 570
161S 17 11 500 13~ -2 152 ST 557
. 1630 23 15 636 1 i 136 ton 736
: 1645 15 1 450 91 18 109 70 520
1TeY 1 13 590 158 28 186 153 743
1715 19 10 aas5 132 3z 168 Eds 545
1730 16 10 415 L) a7 t3s 7S a9n
1745 29 15 699 177 157 333 217 -1 4
1800 102 15 659 121 1 1322 6 726
t DATA SET = DAY 8
TIME 8US NO. BUS ARG, PASSEN 2BS. PASSN 03S. TOTaL
( INT. .WATITG BUS CADPAZ1TY GERS OUE- ARRA. OVER- PASSEN.
SEC. RUN =WI3E SERVED UE QATE  LOADG THRU-PUT
815 22 15 625 164 3 167 70 69%
830 13 ] ars 67 3 &3 - a2 ary
{ A4S 15 e 36D 182 12 154 0 420
900 55 9 azs eq 6 105 86 511
915 11 12 S50 a5 2 14 5 5&5
¢ 93n 1 15 625 53 2 65 11 636
945 35 12 s25 122 3 125 35 569
L 24 13 575 131 2 133 42 618
1015 30 13 685 89 3 92 27 692
, 103In 16 1" aas 9% s Yoo 710 515
1naS 19 12 sS85 1"A ~ 108 78 663
11ep 103 14 5495 137 8 185 re 665
1415 19 11 ags R 4 t 05 BT 572
1630 17 f 369 a5 24 110 e 849
' 1445 21 13 555 94 3 97 113 665
1500 62 13 595 126 1A raa 100 695
t515 19 ) 630 100 8 117 631 693
, 1531 19 14 590 125 14 139 55  6aS
: 1545 20 12 545 123 21 144 126 671
1600 112 14 660 131 4 135 as 785
1615 22 1a 625 143 22 165 8n 723
1631 17 o ans 123 35 158 10A 5n5
L 1645 [ 6 260 an 25 T 57 nz
1701 53 a 395 138 5 14¢ 128 523
1715 21 11 550 179 36 215 189 730
. 1730 11 T 290 73 35 1na 59 329
1745 19 8 ass 63 3 93 ST 3g2
180D 1] 13 485 69 0 69 4 492 '

EOS NT GBAB T DATE 1a/sn

Results obtained
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	00000066
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	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
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	00000082
	00000083
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	00000085
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	00000090
	00000091
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	00000094
	00000095
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