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ABSTHACT

Operation of the lighting system and its maintenance in
the city is an extremely important service activity of the
Dhaka Municipal Corpeoration. The level of performance of this
lighting system dcpends more on the poliey of replacement
and its implementation than any other relevant factors. Tﬁe_
level of performance in turn affects ' system cost! in terms
of annual cost of replacement. Establishrent of & clearcut
relation between the level of performance and annual cest of

replacement would require such considerations as,

{i} Use of mathematics and sciecntific methodology of

Operations Research (OR) and Statistics.

(ii) Scientific appreach of record keeping, storing and

retrieval of basic data etc.

In the present wark a study of the OR technigues and the
methods applicuble for the reﬁlacement of street light bulle
are discussed. The failure rates of the bulbs have been
determined and fitted to the Weibull distribution which is
a general type of theoreticsl distribution. 'On the basis of
similarity of the failure patterns of existing "WARDS' under
the two 'Divicsions', the system has been broken to four 'zonest,
so that failure patterns within esch zone is similar. Thus

four diffcrent replacement policies were smuggested for the
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four zones. These replacement peolicies could be designated

ac pure service replacement. The grouwp replacement policy
could not be recommended because bulk purchase discount
advantage could not be obtmined from the menufacturers of the
light bulbs. With the proposed replacement policies
characteristic curves in terms of (i) annual cost versus

the percentage performance level and {ii) the percentage
performance level versus frequency of service trips per week
were developed for each zone. The performance could be
measurcd as the ratiu el actuzl pumber of light kulbks in
operation to the total number of light bulbs in the zone at
any period. The level of performance could be varied by
varying the frequency of service trips per peripd ( normally

per week).

- The replacemeni models were developed using one yeer's
data as supplied by the Corporation. A computer programme in
FORTRAN-IV language has been used in the IEM 3707115 computer.
The parameters of the Weibull function were established using
least squares method in the above programme. This programme
along with other prugramﬁes for generation of the character~
iztic curves are stared in magnetic tapes which may be
available from EUET computer centre on reguest to the

Department of Industrial end Production Engineering,
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CHAFPTER 1

INTRODOCTIOHN

The gountry is suffering in most situatioms both in strategic
planning and execution due to lack of endeavours and efforte directed
in line with Operation Research {OR} thinking. The industrial
sector aleng with other vitally important sectors of the economy
is reluctant to use mathematics in its decisien making. The present
study is thus devoted to find an applicatien of CR in & problem

which would be introduced in the fellowing sections.

1.7. GENERAL IRTROTACTION

The term replacement is used with the widest applicatiens. To
the economist it does not mean that equipment will be duplicated
at the end of its life; it does not imply like - to ~ 1ike
substitution., It occcurs even if a manual process is superseded by
a machine or if a group of machines is superseded by ore larpge
machine. To mccountants replacements may be either assete or
expenses, depending on how the asset unit is defined. The replace-
ment of an entire asset results in the writing off of the old
acset and the booking of the new. The replacement of a component
part of an asset is the maintenance expense. To the engineers
replacement is synonymous with displacement. Replacement then
ﬁeanﬁ that the present incumbent precess will be displaced by a
similar or more economic onc. Recopnizing the fact that all
egquipments, items, parts etc. have finite lives (stochastic in

nature) and need rcplacement the all important fact remains with



guestions to be answercd such as,

i) when and how frequently to replace?

and ii) which one to replace?

Wile answering these guestiens from the past, optimum replacement
strategize had been evolved and new mathemetics, heuristicas deve-
loped. At this point mention may be made that eptimum replacement
strategy could not always be brought into operation in situations
where key factors such as cash restrictions, impert policy etc.
ere tight, as 3is the cmse in the c¢ountry. Thus the experience

of the writer sugpests that most equipments of the countryfs
installations are operating at levels far from opiimum; one
concrete example may betcontinued cperation of fleet of wehicles
in the tranespert sector, where lives of most of them have passed
economic points. This results in (i) increase in operating cost
(including maintenmnce and repair costs) and (ii) inefficient

production with decrease in output.

All replacement decisions criteria include such factor(s) as
minimization of average operating cest and / or maximization of
reliabllity of the system as 2 whoele. In the later case standby
optimum numbers of items are kept at hand so that system does not
breakdown or the performance is maintained et predetermined level.
The effort is then directed to evolve m policy =o as te search
for a method of replacement to minimize the cost and upkeep the
predetermined level of performance. The present work is directed

in achieving such an objective. It concerns a 'service' system of



the ecity lighting. A prelimipary study of the system reveasled

that scientific method{s) of replecement policy is absent resulting
in unplanned replacement of the light bulbe of the system. This

in turn results te high operating cost. The writer cnvieasges

that with the present rate of climbing cost of replacement, the
overall operating cost of the system at an acceptable level of
performance would be prehibitive resulting to pessibly operating
at lower level of performance. Thus the present work made in this
context a study of the current status of the system as detailed

in Chapter % and varieus limitations and shortcomings eof the
present system are analysed thus to sugpest an impreved method

of replacement. The following articles are devoted to appraise the

basic concepts of replacement strategy.

The street lights maintenance {excluding those of highways) is
¢ontrolled by the Municipal Corporation of the ¢itye The study of
the existing system reveals that a strictly service replacement
policy is adopted. The entire lighting system of the city is divi-
ded into twe administretive divisions. These divisions constituted
of a tontal of 55 wards, are adminictered separately. This division
iz made strictly on the basis of administrative point of view.
Failure history for a peried of one year has been collected and
analysed initially to determine appropriate failure distributions
for each ward. On the busis of similar failure patterns new 'Zones'

have becn proposed. Thus the existing twe divisions mey retain

but it would be wise to bring the administrative jurisdiction te



zonal concept. Thies would help maintain efficient maintenance

policies and better control.

1.2 EEPLACEMENT FROBLEMS

The replacement preoblems usually fall in two catagories

such g

i) replacement of items that deteriorate with time;

and ii} replacement of items that fall in service.

When equipment deterierates, the decision to replace will
depend upon the cost of new equipment and the cost of maintaining
thg efficiency of the ¢ld and alsoc concerned with determining the
optimum peint in time at which the item should be replzced. The
second one is related to circumstances in which the item bresks

down or fzil completely,

In the theory of item roplocement it is customary to
distinguish hetween two types of repair associated with item
failure, each ty¥ype of repair generating a particular replacement
problem. The first type of repeir results in the item being
restored to a condition as gowd as new. This class of replacement
policy is considered in the literature as age replacement pelicey.
Under such a policy an operating item contiruounsly in Bervice is
subject to feilure, the item is repleced at failure or at a
specified ege which ever comes first, Assuming instantaneous
repair and replacement the author shows that when the failure rate

of the item is strictly increasing and differentiable or unique
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optimal replacement age exists which minimizes the long-run total
expected cost per unit time. The second category of repair, the

item age is not effected by repair following a failure, thus the
item failure rate remains undisturbed., In the second type of failure
there may be instances when items fail abruptly. Failures of light
bulbs in n street lighting system is cone snch example. The 1ife of
an item, in this case i1s probabilistic in nature as mentioned
earlier and thus follows a probability distribution. The cost of

maintenance and operation of the system over a year is given by:-
Gost = Cost aof making a < Probable number of
single replacement Failures during year

The above expression contzins two gquantities. The first one is
composed of other gquantitiec such as item cost, and cost of
replacement. Thus it is a strategic matter which decides the
replacement policy. The second element could he ascertained from

the probability of failure distributiocn of items.
1.3 REPLACEMENT METHOD FOR ITEMS COMPLETELY FAILED

The problem of replacement arises becanse of two factorss
firatly, the existing unit or units may have out lived their
effective lives and it may not be economical to sllow them to
continue operation; secondly, the existing unit or units may
have completely failed., In cach case operation research technigues
are available. These freguently met with that of determining at

vhat age the maintenance costs for old units will be coffwset by



new purchases. Various methods developed for solving these problems

are given ag follows:

&) actuarial methods
b) pumerical methods
¢) application of dynamic programming

d) statistical methods using simple algorithms

In the present work statistical methods have been used and
variocus statistical probability distributions available and used
in similar situations have been studied, Considering the gemerality
in nature, the Weibull distribution has been used in the present
workes A detailed study of failure charactristies of light bulls
for all the wards hac been made and presented in Chapter 5. On
the basis of similarity din failure charactristics in terms of the
two parameterc such ss 'scale parameter! and 'shape parameter! of
the Weibull distribution, the wards were poocled and thus four
lzones! were established. It is hypothesized that under the proposed
zoning concept the overall performence of the entire system would
be improved with correspeonding reduction of replacement cost. This
is because the service trips of maintenance crews could now be
better planned. The total distance travelled by the service crews
would be shortened as the present highly erratic and haphacard

novements would be smoothened and thereby reduced,.



1% COPERATIONS RESEARCH TECENIQUES IN INIASTRIAL PROBLEM SOLVING

Operations Research (OR) approach could be applied in decisien
making problems in strategic situations met within industry,
agriculture and various field of economy. The oldest profession
which has been involved in a sophisticated OR work is that of an
actuary who has been applying life contigency, probability and
various mathematics and other methods to enable the life offices
to decide what the premium rates of various pelicies should be,
how best profits couwld be distributed in c¢ase of with profit
policies, etc, The problem in industry starts from procurement of
raw materinls up to the despatch of the finished product. In hoth
developing and developed economicz the OR approach is equally
applicable. In developing economics there is a great scope of
developing an OR appreoach towards plenning. The basic problem in
most of the develeoping ¢ountries in Asis & Africa is to weedout
poverty and hunger as gquickly ae possible; there is a great scope
for econcmists, statisticians, administrations, peliticians,
technicianes work topether to workout this probhlem with an OR

approach.

The OR approach nceds to be equally developed in various
agricultural problems {Neverthless, there have heen successful
applications of OR in industries in developed countries). The
scientific appreoach aims at giving a guantitative analysis of the
problems pesed, in order to develop a mathematical model on the

basis of which data are collected and numerical investigations

are made.



The bagic OR approach is

i} to formulate the problem as precisely as possible
ii) to device methods of attacking problems

3ii) to undertake investigations on the basis of (ii) and

draw poanclusions,
In stage (ii) a model is to be devised and decision to be
made what data should be collected and how they should be analysed.
The stage {iii) is very often followed by a study of implementation

of the recommendations.

Haoving specified OR way of atiacking a problem various
techniques are applied for the purpose of solving the
problem and should not distort the problem to apply a particular

technique.

Operations Rescarch Technigues are continually being evelved
indeed the OF worker must often avoid the pitfalis of existing
technigues in maintaining his enquiring experimental attitude of
mind, Certain technigues have, however, now heen used in many
situatioens so succssslfully with enly miner medifications en each
pecasion that the responsible OR man must always censider these
teckniques first in the given gituvations because, after all, he is

paid te predvce results not to salary hie own intelectual curiosity.

These techniques give o clear indication of just ‘how OR workers
end the resulis it has had., Many of these techniques ure derived
from mathematical statistics which is 5till one of the most

powerful tools in the OR approach. This is necessary so because



one common property of industrial systems is their variability

and mathematical statistic is the method of handling the problem

of variability. The other techniques are linear programuing,
gueueing theory, simulation methods, stock and production centrol
models, decision theory and game theory, operations gaming,
information theory and evolutionary cperation. These technigques

do not ofcourne represent the limit of an OR teéam's capabilities,
nor arc they the sum total of existing OR technigues. Other methods
which eould have been mentioned are - search theory, symbelic logic,
Boolean algebra and dynsmic progranming. Some technigques applied

in OR are borrowed from other disciplines = actuvarial theory and
value theory for example. There arc others being developed continu-
ally., Some are applicable in but a few rare cases, others acguire

the powerful sweep of gueueing theory or simulation. .

In the present work an application of mathematical statistics
of the OR i=s sought. The follewing section is devoted to identify

the scope and objectives of the present work.
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T SCOPE AND OBJECTIVES OF THE PRESENT WORK

Scientific and systematic approaches applied to problem-
solving areas and alsc in planninpg are almost absent in the
country a8 a result poor performances become almust inevitable.
In the Dhaka Municipal Corporation, it is no exception. The
Corporation in addition to varicus activities is respensible
for operating and management of Lhe street lighting systen, an
important sector of the Corporation. The objective of the
meintuining of lighting systems i5 to keep a satisfactory level
of lightipg performance as ecenomically as possible and could be
achieved through a carefully design plan and strg}egy. From the
initial study of the existing system of replacé;ent of the light
bulbs it was mentioned that a purely service replacement is being
useds The cost of replacement ha; been ascertained. The average
variable cost of roplacement has been determined. The inherent
wenknesses of the existing policy of replacement have been studied
While the city is expanding physically along with population

growth, the pressure on expansion of the lighting network is

becoming necessary. The high cost of replzcement sheould be a
pivetal factor in any redesigning of the systen.
The objecctives of the current resecarch work are set as
foliows:
i} To study the failure patterns of light bulbs of the
system and to ascertainm the failure parsmceters

ii) To establish zones (sub-systeas) of the system on the

basis of similar failure characteristics-
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iiii To evolve a prediction mode) to help predict number
of failures per pericd which could be simulated ax
various strategies of replacemernt 1.e. fregquency of
gervice trips of the crews per pericd

iv) To establish a relation between cost of replacement
per year with systen performance and with various

strategiee of replacement.

A preliminary investigation of the present study has indicated
a positive pointer towards definite improvement of the present
cystem, This could be achieved by using technigues of Operaticns
Research (DR) such as Replacement ~ heuristic and thus formulating

a glearcut palicy of replacing light bulbs.
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CHAPTER 2

LITERATURE SURVEY

The process of equlpment replacement is a historical as well as
s natural process. However new theories and strategies have bean
evolved and practised in many installatioms. Thus many literatures
on this subject bave been compiled uptil teday. A theory of replace-
ment is basicelly concerped with the prediction of replacement cost
and then determination of the most economical replacement policy.
In such a prediction process another atochastic factor (variable)
and its effect is to be considered., This is the process of ectimation
of an item's finite life. Items in group also have finite lives which
are probabilistiec and thereby could bhest be predicted when their
distributions are known. This prodictien is further complicated when
rrenewal'! aspect for an item is in operation. This-means that an
item's eriginal 1ife could be extended by bringing maintenance and
repair in operation to a point which is uncertain in terms of iis
location. Fortunately in such a situations the "Renewal Thenry" and
sophisticated mathematics are available, discussion of whiech is

beyond the scope of the present work.

The carliest replacement policies mostly concerned the deter-
ministic problems. MeCall (1) published a survey on the subject apd
stressed upon the practical need for subtle and delicate maintcnance
policies. Contemporary work on replacement problems was also eredited
to Ghesal {2). A particular class of problems uf replacement can be

tackled by using the technique of Operational Research specially the
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dynamic progremming technique that primarily strives to determine
the state of affairs when an optimal policy is followed. Ghosal
discussed how m problem in block replacement could be solved using
Markov Chain, Crockes (3}, Bartholomew (4), Wakagawa & Osaki {5},
Sivazlian {6), Shamuiin & Stevens (7) all have contriburted towards
problems and theories of equipment replacements. An optimum replace-
ment of forklift trucks has been described by Eillon, King and
Hutehinson (8). Jardine {9) and Sivaziian & Stanfel (10} have alse
developed various types of deterministic replacement models. West{11)
compared the metheds for alternative replacement peliey identifying
certain cost relationship partinent to the minimization of costs and
developing the-methcds for predicting costs based on probability
distribution of life spans. Many important methods have been applied
to various maintenance models; the tirst of which is the c¢class of
preparedness of models where the equipment fails stochastically and
alternative maintenance action for such equipment include inspection
and replacement. Preventive mrintenance modcls possess the second

tlass of waintensnoce models.

Aekaff & Sasieni (12) suggested 8 method to determine Lhe optimal
life of an equipment when inecreased age reduces its efficiency and
average cost per period for individual replacement. Acholff & Sasieni
also sucgested a probabilistie model to predict expected number of
failed items per peried in a system. It has becn demonstrated that
group replacement has positive advantage over service replzcement
under normal cost silvations. Wild (13) considered the effects on

different cests of both random replacement and age replacement policies,
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Age replacement for an infinite time span has received attraction.
wWhen such an eptimal interval exists, Morse (1%) has suggested a
method for determinatien of this replacement interval minimizing

the expected cost per unit time. But irn case of finite time spar the
optimal age replacement interval is not casy %to find out. Sasieni,
Yaspan apd Friedman (15) presented a procedure for computing the

economic life of a mochine that sssume the purchase only a single item.

They illustrated the procedures for determinig the pelicies in replacing

bulbs, airline stewardesses, given the present failure age distributicn
and survival distribution. They also determined the optimum adjust-
ment interval for a machine with a specified linear eoperating cost.

4 dynamie programming model for ejuipment replacement hae been cons-
tructed by Bellman {16). He considered two possible eourses of actian
whether & machine should be kept on for amcther period or it should

be replaced by a purchased machine.

Dean (17) summarized the replacemeni models develeped by other
authoers (such as Terborgh, Orenstein, Claphan, Smith, Bellman, Rifas,
Rutenberg, Pennycuick, Senjn} and setup some replacement decision
rules. Several problems in the optimal control of dynamic systems
were investigated by Dermann {18}, A system is c¢classifiable into one
of a finite of states and centrolled by making ome of a finite number
of decisions. This stochastic process is dependent upen the sequence
of decisions, in that the decision determines the prnbahilitq laws.
Using the methods duc to Dermann for seauencial) decisions problems
involving average cost per unit time criteriaz. ¥lien (19} generalized

his model and formulated the problem of finding optimal policles
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whose deterioration can be expressed as a Markov Chain in linear
programming terms. Tt has been assumed that the time until the
next inspecilion is variable and it is determined at each

inspection.

KeCall (20} determined some of the operations characteristics
of opportunistic replacement and inspection policies which makes
the replacement of a single inspected part conditicnal aon the
state of one or more continwously inspected parts. Weiss (21)
presented a derivation of the asympletic results from the theory
of Semi-Markov process. Tﬁe derivations foumd are not completely
rigorous. Handlarski (22) analysed preventive maintenance scheme
for improving machine utilizatien. He has intredvced a new model
integrating the availability and the cost functlon into one
profit functien which has been dene by adding a new parameter,
revenue gained per unit operaticn time of the machine, An
interesied reader is referred to Roll & Kaor (23}, Parsonas (24},
Wyder (25} for some of the works in preventive malntenance

policy and replacement theory.

Kaufpann (26) constructed an eguipment survival curve taking
a clacsic example of light bulbs to shew the relation between
the number of surviving bulbs =2t any given moment and the rpunber
of bulbs originally placed in service. The probabilily of
failure is an important characteristic te measure the risk
involved to keep in service an item of equipment that hns been

in operation for a particular time.



From the above survey of aveidlable literatures the works
of Kaufmann and Ackeff kB Sasieni are devoted to replacement of
items whose lives cnd after failure. The failure distribution
uzed ip their models was the negative exponentisl. Mereover
input ecost parameters for both individusl item cost and group
item cost are such that a strategy for group replacement
{failed urd unfailed) may become ; possible optimum policy.
Buf; suech defferential costs and cost advantage of one over
other does net exist in the present study. Thus the methods

available could not be used in the present work.

A modified service replacemecnt pelicy has been suggested
in the present work. Alihouph the negative exponentioal
distribution is accepled to be a very close approximation of
real life situztiom, it lacks generality. Thus the welbull

diztribtution 1is proposed 1n the present work.

16



17

CHAPTER 3
STUDY OF THE EXISTING SYSTEM OF STREET

LIGHTS OF DHAKA CITY ~ A CASE STUDY

3.7 HISTORICAL EACﬁGHGUNﬁ OF DHAKA MUNICIPALITY CORFORATION

Early in the nineteenth century the city of Dhzka was a mere
wreck of its once-splendid self and civic facet of its overall
milico. A Europian chronicler who visited Dhaka in 1B24 recorded
that two-thirds of the vast area of the city were filled with

ruins in which the bulk of its estimated 3,200,000 citizens (29)

A Committee of Improvement existed in the city as early as in
18325, 1t confined itzelf to a meodest range in two spheres of
public works, viz., sanitation and transport, specifiecally its
function were defined to be the improvement of Bazar Street, the
construction of bridges and roads, the filling of unzanitary pools
and ditches. The Committee was an official bedy and its fund wase
sanctiomed by the Government. In 1840 Government created a Dhaka
Committee with wider range of functions. The functions of the
Commititee were to look after the conservancy drains, tanke and
general cleanliness of the town, to guard against any encroachaent
on the roads. A relevant thing to be noted during the period
1840-64 iz the degree of publie participation in civic function-

like watering of the moin Dazar Street.

Formally established on the 1st of August, 1864, Dhaka

Municinality has its protetypes through retrespective decades,
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though they werc germinal and fell far short of a full-fledged
Municipal body with a corperate entity of its own. Hunicipal Act
was published in 188% and that pericd Magistrate was the Chairman
of the Pmuracheva. Government abolished Dhaka Paurashava at the
end of the year 1%%7 and at that time the functions of the
Paurashava was run by the Government selected body. In 1960
Government established the Municipal Ordirance. In the moenth
of October, 1978 the Government converted the Dhaka Paurashava

into Dhaka Municipal Corporation by an Ordinance.
3.2 TFUONCTIONS OF DHAKA MUNICIPAL CORFORATICN

The existing functions of Dhaka Municipsl Corporation are

deposed as under,

Fublic Heslth

The Corporatich ie reponsible for the sanitation of the city,
control of envirommental pollution ard remeval of refuse Irem all
public streets, publie latrines, urinals, drains, and all building
and land vested in the Corporation and for the ¢ollection and
proper disposal of such a refuse. The Corporation keeps records
of Births, deaths and marriages within the limits of the city =and
adopts preventive measures for infectious diseases by vaccination.

Mosquito c¢ontrol scheme is now cxecuted by the Corpeoratiocn.

Water Supply and DTrainage

The function of DMC is to look after, comstruct, maintain
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anpd clean of surface drains only of the city. The water supply
and other drainage system, swerage system has been maintained by
WASA snd the storm swerage drainage is now maintmined by Fublic
Health Engineering. The Corporation maintains the portion when
handed ever by Public Health Engincering to Dhaka Municipal

Corporation.

Articles of Food and Drink

The Cerporation prohibits the manufacture, sale or preparation
or the exposure for sale of any specified article of food or drink
in any place unless licensed by them. The Corporation alse prohibite
the impert of such articles for sale without the license. The
Corporatien is authorized for seizurc and disposal of any aninmal,
poultry or fish intended for food which is diseased, or any food
or drink which is noxicus, The Corporation has alsce the function
to establish and maintain public warkets and secure the proper

managerent and sanitation of such markets.

Culture and Scclal Welfare

The Cerporation provides and maintnina public hall and
community centres and also provides for the reception of distingu-
ish visiters, arranges on the occasien of any faire, shows or

public festival within the city. It maintains burial grounds and

byrning ghats.
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Trees, Farks and Gardens

The Corperation plants trees on the public streets and
public places and takes care for the plantation and protection
of trees, The Corporation takes care of the parke namely
Victoria Park, Gulistan Park, Narinda Park and Shishu Fark.

They also maintain public pgardens.

Enpgineering Works

Development and maintenznce of roads and some Limes project
offcred to DMC by Government, e.g. bus terminal scheme {Jatra-
bari, Tejgoan and Mirpur Inter-district bus terminals) are the
functions of c¢ivil engineering. Qffice bulldings of the
Corporaticn are to Le constructed by them. Street lighting,
Street watering, trafic control are the main funciions of
electrical engineering section. Develepment and maintenance of !
road carpeting by asphalt plent, slaughter house, decomposed
plants are the rechanical engineering functioms of the

Corporation.

The above functions and resgponsibilities and the persomncl
are depicted in an organization chart. The objective is fo
identify and locate the position of the lighting system
mevagement functiom in the chart. The organization chart is shown
in Fig. 3.1. It can be observed that the organization is classical
line-staff type. The zscope of the current discussgion is

restricted upte showing the organization of the Corporatiom.
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3.3 STRENGTH COF MANPOWER AND VEHICLE RESOURCES
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The total number of employees of the Corporation is 8090 and

among them B491 are serving on day-basis on hire. Statement below

shows the distribution of staffs.

Statement showing distribution of staff Department/Section wise

Lopartment/Section

Administrative Department
Eetablishment Section
Administrator Cell

Fublie Relation QOfficer
Security Section

Law Section

Social Welfare Section
Arboriculture

Fipance Department
Revernue Departmant

Estate Department

Health Saniteticn

Health Department
Livestock & Veterimary Hospital
Engineering Deopartiment
Education Department

S5tore Seection

Humber of Employee

Regular ' Day-basis
5 3
29 -
28 i

7 1
146 2
’. -
245 25
188 39
70 -
680 -
28 43
153 5,927
613 128
71 15
&sy 257
b -
16 -
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Humber of Employee.
L]

1
Department/Section Regular ' Day-basis
Transpert Section 509 -
Outfell Works hé -

Total 3,599 b, 491

Enginesring Department (Electricel) is responsible for the
maintenance of street iighting system of Dhaka c¢ity. This Diviesian
is subdivided inte two divisions namely, Engg. Div. (Elc.)-I and
Engg. Div. (Elc.)-II. These divisions are set up from the
administrative point of wiew. The total number of employees of these
two divisions are 119 and 158 respectively. It has alresdy been
shown the place and responsibility of these two division in the
organization chart in art 3.2 . It may be useful to note that there
are total of 377 (119 + 153) staffs under these two divisions
responsible in eperating the lighting system. Incidentally the
ratio of this number with the totml strength in the department

is 0,34,

Strenpgth of Vehicles

A total strength of 276 rmumber of vehicles ars being uased
by the Corporaticn. There are twalve vehicles used for sireet

lipht maintenance work. The vehicles are of three types:

i) Hydraulic Ladder carrier engaged for guick repair

malntenance of street lights



11} Trucks over which bamboo ladders are carried and vehicles

are engaged in the areas having wide roads

iii) Push trolly is used in medium or small lane/bylane where

trucks, ladder carriers are not accessible to the point,

The total strenglh of vehicles is listed in table 3.1,

Table 7.1 Total strenglh of vehicles.

24

Wo. of Vehicles used

Total Ho. of Vehicles

Hame of Vehicle for Yighting ef D H C
Truck 3 125
Hydraulie Ladder 7 7
Fick~Up - 2
Mini Truck - 52
Tractor - 1
Water Tanker - 5
Pus - 1
Micro Bus - 2
Jeep - 13
Car 2 15
Motor Cycle - 55
Total 12 276




%.4 TREND OF ANNUAL CONSUMPTION AND EXFENDITURES

OF LIGHT BOULBS OF DHAKA CITY

Generally four types of bulbs are used by Dhaka Municipal
Corporation for street lighting of Dhaka City - incandascent lamp |
bulbs, flurescent tubes, mercury bulbs and sedium lamps. Mercury
and sedium lamps are rarely used due to high cest, Though thesc twe
types of bulbs arce extensively uvsed in ;ll developed countries,
flurescent tubcs of %0 watts are commenly used in the city.

Incandascent bulbs still exist in many places of Dhaka ¢ity and

future scheme of DWC to replace all the incandascent lamps by 1985,

The total consumption of flurescenl tubes and ingandasgent bulbs

are schown year—wise for the last thkree years in table 3.:2.

Table 3,2 Year-wisc consumption of tube and light bulbs.

Koo of Ho. of

Tear flurescent tubes inecandascent bulbs
1580 - &1 34,000 18,000
1581 - 82 45,000 14,000
1382 - 83 52,000 8,000
1983 - E4{estimated} 66,000 6,000

Source:- DMC file preserved by the XEN of Elc. Div.IT

From the above it is observed that the use of flurescent tubes
arc gradually increasing with the decreasing of incandascent lamps
and *total consumptien is also increasing. with this increzsing trend
in consumpticn the overall expenses per year has an increasing trend.

This is given in the folloving section.
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Expenses Year-wise

Tne annval expenses of street light bulbs & materials,
maintenanece of street lighting and the salary of street lighting
slaff were retrieved from the corporatien files and are lizied in

table 3.3.

Tzble %.% FExpenses for bulbs & materials, maintenznce & salary cost

Szlary of street
Bulbs and Hainterance lighting staff for
fnterinls of lighting & monthe{up to Feb)
Tear Takn Palia Taka
197k - 75 - 200,06,91% 2,22,04%6
1975 - 74 - 4,308,832 2,62,04%0
19?6 - ?? - 2232?1216 5:23’:??9
1977 - 74 - 23,600,537 5,068,996
1979 « &0 20,57 ,365 25,17, 088 7,69,159
1980 - &1 |  56,1%,286 9,98, 697 6,65,602
1981 = 82 3%,10,166 13,23,149 -
1982 - 83 27,49,528 z7,0%,210 : 11,317,310
(up to Feb183} | {up to Feb'83)




5.5 EXISTING REPLACEMENT POLICY

The entire strect lighting system of Dhaka City is under the
management ¢f the Municipal Corporation of the Clty {IHC), The
mansgement follows the service replacement policy for the
replacement of street light. In service replacement the unit is
replaced after its complete failure l.e. replacing en individual
item +that has failed, This existing system of replacement process
is the most conventional one. It consists of one regular field
trip of the system everyday. Thus any failed bulb located in the
system is replaced by a new item, This is the normal replacement.
There is another service replacement based on specific complmint

received from the user point of view.

Hormal Replacement FProgess

In the normal replacement the service crews who are called
Maintenance Gang makes at least one trip of the system (wardwice)
to detect any failed item. One Gang congists of one lineman and
two helpers. Each gang is ascigned for one large ward or two
smaller wards. The gangs function from 1-30 p.m to 9-00 p.m. for
211 the wards other than the VIF roads. The normal duty for those
VIP roade is from 1=30 peom. to 11-30 pe.n. Gangs for VIP roads are
provided with modern radio communicating devices such as wireless
gets. Sufficient materials are given in advance to those gangs 50
ae to replace failed item within shert iime, For other wards
materirls are progured from the stores following necessary formal

paper works.
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Normally a fixed amount of fuel oil is issued for wain-
tenance ©f vehicles on the basis of daily consumption of past
records which is relaxable in the case of emergency and extra
works. In some wards the working ganpgs use push trollies. In
case of emergency such as after storm and high winds the
supervisors make an emergency trip and assess the situation

and instruect accordingly.

Service Replacement on Request/Complaini

iinder thies system of scrvice, comulaints/requests arc
received gnd sccordingly these are ret on first-come-first-
serve basis. Thesc complaints regarding any faiiure of any
lirnt-bulb in thc system, are made by one of the following
WAYS:

a} Complaint received from the public either by telephone
or by written applicatien. These ceomplainis are
received by the Corporation by one of the following
control points:

i) Complaint received by the wireless contrel room
ii} Complaint received by the complaint centre of MG
iii} Complaint received by different offices such as
Chief Fnpineer'c Office, Superintendent Engineer's
Office and others.
b) Complaint received by the maintenance meobile gang. The

maintenance pangs on duly travel in the wards and detect

the faziled bulbs in the system. Moreover, any defects in
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the accessories, problems in the line etc. are replaced
by them. The failed bulbs are replaced immedialely. These
crews are also capable to detect any failures on the bults
due to uneven fluctuations of voltages. For any snaping
of wire if detected, written informatiocn is given to the
relevant office for further necessary actions.

£} Each ward Committee is headed by @ chairman with few members.
This committee is alsc responsible to inform concerned
electrical divisions if any drregularities in the perfor-

mance of the sireet lighting system are detected.

In some cases other agencies such as the Eleciric

Supply Agency (Dhaka Electric Supply) of the Power Deve-

lopment Board reports to the DMC, of any failures of light

bults dected during their own servicing and cperational

aetivities.

These above complaints are atiended to on priority basis. The

normal replacement as mentieoned earlier along with these service
replacement constitutes the existing replacement pplicy-of the

Corporation. The actual replacement process ie now described below.

Replacement Preocess

a) Comuplaint received from the public are attended by the
¢oncerned maintenance gang posted in the complaining area.
In case of any major fault they investigate the matter

and urepare a list of materials. Appropriate supervisory



personnel such as SAE/AE in some cages the higher
supervisory personnel such the Executive Engineer
investigate the complaint and endorse the replacement

process.

b) Complaint received from the mobile gang and necessary
materiale are iesued after proper scrutiny. Afier the
replacement the working gang submit a list of work {address,
nature of replacement etc. to the affice with area).
Supervisory level Officer occuslonally investigates and

takes some on the spot verification.

) Eompléint received from the ward Committee are carried out
by working gang receiving necessary materials from the
office. After replacement/repair of street lights the werking
gang takes signature from the ward Chairman or Member and

produce it to the office for proper record.

Complaint given h} sther agencies are also attended and

after pruper action the comcerned agency is reported back

of the action taken.

Exceptional Replacement

There are few very important lines needing special attention .
Any complaints from such special lines are immediately attended
to on top priority. As such sufficient reserved materialsc are given

to the gangs in this jurisdiction to carry out the maintenance

work., This gang generally submits work lists to the office cveryday.
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3.6 DEFECTS & LIMITATICNS OF THE EXISTIRG
PRGCESS OF REPLACEMENTS

The existing system of replacenment is rather unscientific
where systematic procedure is almost absents The defectas of the

existing system of replacement are listed below:

i) Eratic movements ¢f the gang may be comparable to
spaghetti which is f;rmed due to unplanned and uneconomlc
trips. As service replacement policy exists, the crew
attends any complaint as first-come~first-serve basis. This
ignores the appliceticn of technigques of OR such ae travelli-
ng salesman problem, branch and bound, network analysis etc.
ii) Primary data of the failure characteristics of the items
in the present system are not available, Thus decisions in
terms of planned level of performance at varicus costs
could not be madé. Thus proper recplacement etrategy could
net be cstablished,
iii)} The existence of a centralirzed system of management
hinders the pramptness of the process of replacements. The
procurement of necessary materials from the gentral
stores has the following disadvantages:
a) lengthy paper work and bureaucratiec imposition
b) increase the cost of acquisition ac the crews at
the furthest wards have to travel back te the
store to collect their stores.

iv} The existing two electrical divisions which are responsible
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for street lipght maintenance were set up arbitrarily
based entirely on administrative ease. This resulted in
dissimilar wards interms of their failure patterns, being
brought under a division. Thus no single roplacement
policy could be‘adopted.

v} Tnere is no.provision for recording the daily movementi
of the crews. Thus the trips of the crews-could not be
planned.

#i) Most of the replacements are made when attending the
complaints previously made. In the process the crews make
sufvey of the system to detect any normal failures. As &
result normal replacement could not be accomplished
satisfactorily.

yii) The present record keeping system is defective. Thus any
installation of new item is not recorded according to
"pole' identification, a holding number of the lipght posts.
A5 a result estimation of the actual performances of the

light bulbs gould not  be made.

The proposed replacement policy would remove few of the above

defects of the existing system. But a final word regarding the

management of the lighting system, may be that a carefully planned
reorganization is necessary giving more auteonomy and decentraliza-

tion of autharity.
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CHAPTER 4

DEVELOCPMEKT OF METHODOLOGY FOR ESTAHLISHMINT OF
& REPLACEMENT FOLICY FOR LIGHT BULBS IN THE CITY

A study of lighting system of the city was made in chapter 3.
The study revealed that the existing system of replacement policy
had few inherent weasknesses. Thus to overcome these weaknggses, a
method has been propesed, The methodology used fur the proposed method

has becn estallished in the precent chapter.

L.1 DISTRIBUTICHW QF FAILURE TATTERYS

Exponential distribution is generally used for feilures of
light bulbs. But the exponential and hyper-exponential distributions
are found to be typical for failures of many electronic components,
electronic computers, bus-motors etc. These distributions are widely
used for relisbility prediction. But these should not be vsed indis-
creminately rather be used cauticusly depending on situations and
their typicality. The hagard Ffunetion for exponential density function
is constant which is applicable of the densily function.in life testing.
The other probability distrivution namely the hypergeonetric sheould
be used in & situation where the failure is incremsing. The exponen-
tial distribution is & special case of both Gamma and Weibull distri-
bution, This is characterized by a constant hazard function which is
also the parameter of the distribution, 1.e, if a system has survived
for a particular period, the probability of survival for the next

increament of the period is the same as if it has just been placed
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into service neglecting degradation failures. The weibull distribution
ie probably the most widely used distribution for life testing appli-
cations., The weibull disfribution was known to statsticians ms the
Fisher - Tippett Type IIT distribution of smallest values or as the
third asymptotic distribution of smallest extreme values. In case of
hyper - exponential distribution the failure rate decreases with

increase in time.

The Foisson distribution is spplicable when a random failure
exists, practical examples of this type of failure distribution can
te found in the failure of lamps and vehicle engines. Due to para-
mount importance of this distribution in statistical practice, tables
of random normal variates have been established, Lives of various
machinery items and biological species follow exponential distributieng
the inter-arrival time of shipe in a port or of customers at a shop
counter may approximate to exponential diztribution. This type of
distribution is expected to-be used often to describe service time in

queuing preblems.

Gamme distributiens are characterizmed by twe parameters - shape
parameter and séale parameter; possess increasing failure rate in the
case when shape parameter is greater than unity. This distribution can
also be ‘used to model the time to the failure of a syatem if the
underlying failure distribution is exponential. The problem from a
practical stand point is the selection of a distribution model. Unless
one has considerable test data it is diffigeult to determine whether

the proper model is, for instance, Weibull or Gaoma. Distributicn

models such as these will generally "fit' well in the 'middlet of



the range of the random variable. There are certain values of

skewness and kurtosis which are indicative of the shape of &
distribution that the weibull can not attain which the log

normal or gamma distribution can attein (273, Fortumately, in most
engineering application the Weibull is usunally close enough to

provide reasonable guidance; when the shape parameter is approximctely
one, the Weibull distribution takes an exponential shape

whereas it spproximates nermal distributiom when the shape

parameter 1= approximately 3.5.

The parameters of weibull distribution, -shape, scale & location
indicate the weibull slope, characteristic life and the minimum
life respectively. The two-parameter weibull has & minimum life of
zero and the three-parameter distribution can alwayé be converted
to the two-parameter distribution by a simple linear tranaformatiom.
The hazmrd function decreases in time when shape parameter is less
than one, increases when grester then one and constant in case of
unity value, Location parameter of a weibull distribution is usually
assumed to be zere and its value less than zero could indicate
failure in storage (27)}. Its rcliability is not ensy to find out
directly as in the case of exponential distribution. One of the
main feature of this distribution is its ability to generatce a
family of curves with different shzpes of the failure-rate

functions.

The writer has chosen the weibull distribution for the analysis
of failure characteristics of light bulbe considering its generality
and ease in handling. The failure density functienm, reliability

funetieon, cumulative distribution funciiem and hazard functienm of



weibull distributicn may be stated as fellows:

=1 AP
T(t) _BG -y exp —(E__J)

R n
M

where, f{t) = Failure density functien

Cumulative distribution functien could be obtained by

inteprating f{t} with respect Lo t
. 8
Thus, F{t}) = 1 - exp H(,_;T)
T
vhere, F(i) = Cumulaiive distribution function

The Reliability function is given by,

B
R{t) = exp —(f - J)

n

The Hazard function is given by,

ity Bt - *r)e"‘

h{t) =3 =

n -
where, B = Shape parameter

N = Zeale parameter

v = Location parameter

t = Time periecd

36
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The expression of ahove functione for other types eof

distribulion failure are available in standard toxt books.

Estimation of the Parameters of Weibull Distribution

For the estimation of ihe weibull parameters of group data,
the following methods can be used;
i) Least Syuares Method,
ii) Hawimum Likelihood Vethod,

and ii3)} Hinimized Chi-Sguares Method.

The Leasf Sgusres method has been used for the estimation
of the parameters by Kabir (28} and computer pregramme in
complete in FOHTRAN IV language was available. In the present
work, the above package has been used with some necessary
modifications. This method is bhased on the inversion and double
logarithmic tranaformatien of the eguation for the cumulative
distribution funmelion, F{t) is given earlier in egquation 4.2.

For convenience it is rewritten as follows,

- g

F(t) = 1 « exp —(?;LI
T

which on transformation becomesz,

1
logc log, 7 - F) - Eluge(t =) —Blagen

This i5 a linear equation of the stundard form,

Y =« nX -~ C,
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long. The third is the best from the stand point of Chi-Sguare

criterion for goodness of fit.
4,2 REPLACEMENT MODELS

Replacement models fall intoltwa categories, depending upon
the 1ife pattern of the equipment under atudy. The first of which
deals with models for replacing eguipment that deteriorates with
time. The other category presents replacement models that may be
used to establish replacement policy for cguipment ihat does not
deteriorate with time, but fails instantanecunsly and comple-
tely. Replacement model for items thal fail requires the use of
probabilistic concepts and the statistics of failure data. The
models for these r3placem;nt policies are well developed now a days
and available inp 2ll relisbhility and Operaticons Hezezreh text bhooks.
The present work has deslt with service replacement. Light bulhbs
exibit the characteristic of instentaneous and complete failure and

they are presented as followste

Analysis of feilure data.

Failure data would be collected and recorded within discrete
time of intervel. The surviver bulbs function properly at the end
of each time periecd. The prebability of failure durinpg the time
period and that of survival are caleculated from basic date using

equations (4.12}, (4.13), and (4.14),
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The pumber of replacement per periecd

if %y denotes the number of replacemenis wade at the end of

the t th periocd, the number of replacement at the end of each

period would be

¥ = X
o o
Re = X {1}
X, = X {2y «+ X, P{1)
X5 = X, PL3) + X, (2] + %, E{1}

and =so forth.

A peneral exprossion fer Xy would be

t=1 =1 b=1
x, =N [%{t) +
t 3 g

I P(3P(t-3)+ { T RpPO-3 P{E-b)+. . J(he3)
2 “i=1

b
i= b=

The average life of thc units under consideration is given by

the expression
oot [?{ti] (4.t

This cquatien may be comparcd with eguation (%.,15)



41

Cost of group replacement

The cost of a replacing faoilure involves item cost,
labour cost, production ¢eost, material damage cost etc., the sum of
these costs may not be costant for each feilure. It depends on the
number of failures im cach period. Group replacing may cost less than
replacements of failures by virtue of labour savings, velume discounts
on materials or for other resource,This group replacement policy is
applicable where the item cost is low and labour cost ic high. To
develop an equation for the cost of maintaining a system as 2
function of the control variable t, the number of period in group
replacements let us assume Eft) as the tetal cost from time of groun

installdtion until the end of t periods. If the entire group is

repleced at intervals of length t periods, then

K{t)
t

= gverage cost per peried of time

Further more, let

€y = unit cost of replacement in a group
CP = unit c¢est of individual replacement after failure
f{x} = number of failures in the x th period

K = number of units in the gfaup

Then, the total ceat K(t) will be given by
K(t} = KC, + C, 2 Tlx) (h.5)

in which NGJ,I is the cost of recplacing the bulbs as a group, and
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£t
szz: f{x) is the ecost of replacing the individual failures at the
wr !
end of sach t-1 periocds before the group is again replaced, There-

fore, the cost per period is given by

i-g
KC c
K(E) _ 1 2 Z
T = t + £ f(:{) (LF-E'}
Yy .
Te mbove scheme of ascertaining of group reoplacement cost was
proposed by Churchman (11}. A similar method was arrived at from
a different approach as proposed by Jardine (9 ). This will be

presented luter.

Groun Heplacement of Items Subject to Failure

when the eqﬁipment replacement is regquired by the failure of
the originel unit or uwnits having negligible salvapge valne the
prubleg is one of determining whether it should be replaced indiwvi-
dually or in group. The development of group replacement model needs
to determine the optimal interwval between group replacemenis for
mipimizing the total expected coet per unit time. The model developed

for this problem is based on the assumption

i} the replacement policy is to perform group replacements
ot fixed interval of time

i1) with failure replocements occuring as necessary
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The following scheme was deoveloped by Jardine;

Let, GE be the cost of replacing one item in group replacement
Gf be the failure replaccment cost

f{t) be the probability density function of the

failure time of items

N be the total numbeyr of items in the group

The policy is illustrated below

Group replacement
Failure replacement

1
i t,
One cycle ——

The total expected replacement cost per nnit time feor group

replacement at time tP is given by the relation

Glt ) = Total expocted cost in interval (O, 4)
P Interval length
Cost of group replacement+_Expected cost of failure
at time Tp replacements in that interval
Interval length
NG o+ NH(t ) Cf
Thue, c(tp} - 8 P (4.7)

t
P
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Egn. {4.5) is used for group relacement problem relating

replaéement interval tp to total cost.
r determining optimal interval between

To compare the model fo
placements of eguipment subject to hreskdown with the

prevcﬁtive re
aforesaid model Jardine {9} develeped =z model sssuming the perfor-

of preventive replacements at consiant intervals.

manee
e for preventive replacement

Toe total expected cost per unit tim

at time, t_, 22
P

Total ewxpected cost in interval (0, ¢ }

Clt 3} =
P length of interval

cost of preventive replacement + Expected
cost of failure replacements

Length ef interwval

C. + C.H(t )
Thus, C(t_} = —& £ ’p (4.8)
P tP

where, Gf = Cost of a failure r9p1acemen£

H{tp}::Expectcd pumber of failure in interval (0, t_}

CP = Cost of preventive replacement
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Preventive replacement

Failure replacement

T

e———{ne cyclo——= [

This is the model relating replaccment interval tp to tntal

cost, C{t J}.
|2

The model for group replacement policy and that of service
replacement policy have been discussed after Ackeff & Sasleni,
Jardine, Fabricky and Churchman. In centrast of the zbove
models the cemputational procedure of Sasieni, Yaspan &

Friedman has now been summariscd for general interest.

Computational Procedure for Age Replacement

Sagieni, Yaspan and Friedman presented a procedure for
computing the economic life »f & machine that assumes the
purchase of enly a single item. The present walue of failure

coste expressed a5

o i-1
P{n) = A + T C.X (4.3)
i=1
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4.3 PROPOSED METHODOLOGY

Assuming the distribution pattern as Weibull family of
distributions the different parameters namely chape parameter,
seale parameter & location parameter have heen calculated. The
probability density functioﬁ for failure times and cumulative density
function for the individual ward of the city are found out. The
mezn 1life sand standard deviation are alsoc determined. The probability
of new bulls that fail in successive weeks are computed. The number
of replacement due te failure in successive weeks, under a policy of
service replacement can be computed. The development of replacement
policy for units that fail must be replaced by an analysis of failure
data. The probability of a bulb failing within each time period can

be calculated by

Booq = Ny :
P(t) = (4.12)
E
o
where, p
P(t} = Probability of failure during the time peried t
N0 = The initial number of units in the group
Ft = The number of survivors through time &
Ht—1= The number of survivers through time t-1

The probability that a bulb having survived to an age t-1, will
fail during the irterval t-1 to %t can be calculated from

N, 4 - W,

Pc(t} = (4a13)

AP
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The survival probability may be calculated from
i
P {t) =—— (4. 1%)
= HO

The assumptions taken to find the number of replacenent per period

are a5 follows:

a) The failures are detected only at the end of a time period

b) If failed items arec replaced, the replaced items will
evantually fail and must be replaced, These will also
fail and require replacement, thus giving rise to the

replacement of the replaced.

‘To compute the cost of individual replacement, the limit n tending

to infinity of fn and assuming that linit which is egual teo £, the
survivers f from the inserted f replacements for a long time are

just replaced.

Then {1 - PO}I purvivors from insertions at time t previously;

(1 - P~ P1]f survivers from time 2t ago; {1 - P - P;- PE}f from

-

-

— -

%t mpo, and so on., Decauee the survivers must tetal N, the number

in the system,

L

I
1

£[1 « (1 - P Y+{1 = P - PJ+(1 = P - Pi- P)+ wee]

+
T
+
L[]
L]

f[PD+ P1

+ Pq + PE + ana

= f[P0+2F1+3PE + ...] {4.15)



The expression in brackets is the average 1life, assuming that the

failures in the interwval Kt to {K+1)}t occur ot time (K+i)t.

The egquation (%.15) is the all important eguation based on which
the propeosed method of replacement policy has been developed. The
eqn. (%.15) composed of three elements such as N, f and (Po’ Fqs

P,y saasny Ph). This eguation when rearranged gives,

21

f 1
= (h.18)

r
) {PG+2P1+JPE+ - & u & }

The ratic f{/N at any apecified period, ty gives an indication of
some degree of ‘'measure of performance' of the system and it seems
quite logical to assume. Thus in the present work, the level of

performance is measured by using the follewing egquation:

{(%.17)

The numerical values of the term {Pu‘ P1, PE‘ feeay Pn} could be
caloculated from the cumulative Weibull distribution function,
FP(t) given by equation (4.2}, Since the performance level depends

on the values of {PO, P,y P ey Pn} a sinulatieon procedure was

2|

adopted using the Weibull function. The time period, t, could be
simulated by wvarying the number of service tripse of replacement

per week Nt + The original Weibull function was developed for normal
F

replacement poliey of 7 trips per week { i.e. one trip per day).



Thus the time period, t, is assumed to be of weck. This time period,

t, could be veried by varying N by using the following expression,

t
E

t = ?th (4.18)
p

Thus for the existing policy, for Nt = 7, t becomee 1 week. 1In the

P
present study Nt has been varied from 2 to 20.

b

Cost of Replacement for Various Performance Level

The average cust per period t, for individual rcplacement

twould be known from the fellowing expression,

I'wIIS_,I

cit) = (4a19)
Averape Life -

where, C(%) = Average cost/period t
t = Age at replacement
G1 = Coest of replacing en individual item.

El

But much benefit can not be derived from eqn.{4.19}, when the total
cost of replacement per year is to be determined at any epecifie
level of performance. Thus a cosi eguation is developed and

presented below.
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Let, N be the total number of items in the system

H1, NE‘ HE' Nq, be the number of items in =zones 1, 2,
3, and 4 respectively

£ be the annual cost

FC be the fuel coat

MZ Be the maintenan¢e cost

€ be the ¢ast per trip

T
GT 3 GT . CT . ch be the trip cest for zomes 7, 2,
1- 2 3 %, and 4 respectively
DT be the tetal milage covered during the year
DD be the totel road milage for the city lighting
_ PFG s
€= 'fir *, Ar (4.20)
Annual Cost
Average cost per mile =
Total milage covered during the year
Ly
= — {(4.21)
.
C
Trip coct, C = —=x D (4.22)
T D 0
T

Thus, cost of one complete trip of the entire lighting system of

the city could be estimaied by using eguation {(4,22). The immediate
problem develops when one has to estimate the trip cost for a
specific zone, esay zZone 1 consisting of N1 light-bulbs. Thie is=
practically very difficult to ascertaln the line-length in miles of
the zone, Thus to resolve this problem, and in order to estimate the

cost of one trip of the none a fair-basis of apportiocnment haz heen
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used az follows:

For R number of light bulbs in the eystem,

'y .
CT - _ﬁ; « D@ as given by eqn.ih.21)

For Nq number of light bulbs in zomne 1, trip cost

would be propoertienal such as,

Sinmilarly costs of single trips for other zones could be estimated.

The replacement policy of the light bulbs has definite influ-
ence on the performance level as defined in enpuation (4.717} and
alsc on the cost of replacement. The performance eqn,{%.717) indicates
that when f ie deecreased that ie number of failures ic decresed
PR would increase. This would ge achieved by making more replace-
ments in a period. Thus number of trips per week would reguire to

be inereased, This would increase cost of replacement. These

hypotheses are depicted diagrammitically below.
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CHAPTER 5
DATA COLLECTICK AND ANALYSIS

In the preceeding chapter statistical models and procedures
have been develoaped for Lhe replacement of street light bulbs.
Thesze motdels are now developed using actual data cbtained
from the Corporaticon. In the present chapter, the inherent
problems of data collection have been identified, The models
were established hy1develcping computer programmes in FORTRAN-

IV language in an IEM 3707115 computer.

5.1 DATA COLLECTICN AND ASSCCIATED PROELEMS

Procedure for data cellection should be such that the
desired scecuracy could be derived wilth loss of information
kept st the lowest. At the same time thare must be a clear

understanding of the objectives and the reguirements.

Tae raw date comes primarily from the fellowing scurces:

{i) Copies of Etand&?d operational meintenance or supply
forms ac used by the system ﬂpcr;tivEQ

(ii) Special data forms nriginated by the etudy group for a
specific requiremert for a specific peried

{(iii) Direct data generation by instrumentetion measurement,

exnerimentetion ete. .

The basgic means of collecting data are the study of
procedures, manual evaluation of forms and interviewing of

departmental representstives. The departmental empleyees can



provide useful information in most cases. These objectives
and requirements of each system are clearly and conclisely

ctated in a procedures manuwal.

The date sources a5 mentiened above could now be
catagorised into two broad classifications namely, generation

of primary data and cellecticn of data in secondary form.

In the present study date have been collected from the
field records as maintamined by the supervisors. These files
maintain records of failure statistics of street ligbt bulbs.
The data recorded by him is of the first generation type

where only the first hand records are put in the '"log bock!'.

The process of data collection could be depicted in =2

figure below:

Compilation
Posted . and
as 1t is Clasegification
Input /D Q
—
Haw Iata
16t ~2nd
Generation Geperation

Screening, Checking
ol Misscing Data

Coding

Classification

Updating "
&

Storing in Ird
magnetic tape Geperation
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Thus it could be observed Lhat data could be available in
any of these gereration levels as mentioned above such as
(i} Firsi pgeneration (ii) Sccond generation and (iii) Third

generation.

In the first gencration the raw data are posted in files
as obtained from the field. The file is however continucusly
updsted. This data could be arranged sequentially, when the
data ere compiled aéuording to renguirement, also they are
scrutinized, classified etc. to some degree and transferred
to @ permanent record file, %hese could be dezignated as
Second peneraticn data. Recent develepuents in computer tech-
nology have made possible to store massive guantity of data
economically, cheaply and coenveniently. In this generation
the data are secreened and missing data are checked., Here input

data could be coded which makes it possitle for easy searching

and retrieval.

Problem of data c¢ollection in developing countries

The problems encountered in data collection in a develop-
ing country could be mentioned as follows:

{i} The source of data is avallable in its raw form, unproc-
essed end uncompiled. In wost cases these are amvailable
in firat generation form with few exceptioms of sscond
generation. Proper data storage system is absent and

filing of data is processcd very unwisely and unscienti-

fieally.
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{ii) It is difficult to retricve data from these records
at the ripght time.

(iii) The records are kept unscientifically and not preperly
maintained. Thus missing data is not uncommen.

{iv) Relevant dats could not be available at right time
angd nceds to be extrocted from & large volume of
disorganised decuments, log beok and ledpgers, etc.

{v) Documentation Centre and Data Processing Centre are
seldomly found., Data Organisation and Data Managenent
ure the two vitally important activities in data
handling. In most cases these are absent. Thus

colleclion of data become extremely difficult.

The fact occacionally confronted by researcher is that
the desired data are not awvailable and that reliable data

cannot be obiained because relevant records have mot been kept.

Belal DATA COLLECTICN FOR THE PRESENT STUIY

The failure history has Leen cellected daywisce for a
full year and then tabulated wepkwise. Blank forms were
designed for the present work, Sample of one particular month! 5

data for a particular ward is given below {table Sal.
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Sample data for a ward.

For the month of January 1982
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Ward
No.

Total No.
of bulbs

Tatal No. of
Bulbs replaced

No. of bulbs replaced

15t week

2nd week

Jrd week

4th woek

489

92

30

22

26

12

The entire daia coellection process could be devided

intoe three parts. The first part which is already accomplished

above. In the second part of the data collection, the cost

figures were obtained from various sources of the Hunicipal

Corporation namely, Electrical DMvision, Malintenance

Division, Transport Sections ste. The ¢ost of light bulbs,

maintenance and repair costs of vehicles used for the elements.

Tne fixed costs and storing cost of the materials were not

considered.

1952

gollected from the mechanical workshop, situated at Aga

Sadek Road, Dhaka., Fuel and Lubricating costs are

price.

The item cost is estimated to be

The maintenance and repair costs of vehicles were

Ly the transport section of the same auihority-

costs are found out vehircle- wise for the whele year;

are =hown in table Sh.

A11

the

Takas 72.00 at

supplied

these
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Table 5b Fuel and Maintenance costs of vehicles

For the year 1982 {(January-December)

Deseription| Fuel Consumption Fuel Cost|Maint. & Hepaidr| Total Millage
of Vehicles {Gallons) { Taka) Cost in Taka covered
Hydraulic
Ladder 4688 14548 41,583,401 34,830,900 - 28375
" LeRg 1355 4,155 48 §,150,00 19224
o LEgD 1693 4G,375.87 1,290.00 25023
o 4591 1561 4e 246,35 - Z2ebhh
no Lpep 1015 31,062.15 1,250,00 15150
1208 249 7,880,484 80,414.00 2968
" ‘313 221 6,965.73| 100,465,00 2523
Trock 4000 982 31,507.15 570,00 16573
o eIk 750 8,512.00 2,991.00 5697
Jeep 2753 735 20,621.65| 16,802.00 13520
" 5350 874 25,100,71 - 17415
Totals= 10523 3,08,101.91f 2%6,615,00 169252




In the third part actusl faoilure characieristics of

light bulbs were investigated, For this purpose a test-line

wae selected. This test-line was located ¢lose to the University

campus (near Bakshi Bazar Area). There were ten light points

on the

lipe.

The line was under continueus monitor se that any

replacement of a light bulb was recorded. In additien both the

dates of installation of a light bulb and ite date of replace-

meht were recorded, sa that

actual life of the 1ighl bulb

could be ascertaincd. The monitoring and data collection en

the test-line were dene for a period of 6 (six} months. The

field data of the test-line is given beolow:

Table 5.1 Field data for ten tube lights in & test line
Bulb Date of Date of 1st|Calculated|Date of 2nd|Calculatéd
Point|Installation| replacement|life, days|replacement|life, days

1 09.03.83 27.03.83 18 12.09.83 168
2 09.03.83 11.06.8% Gk Contd, -
3 09.03.8% 05.05.83 S8 10.09.83 127
4 09.03.83 30.03%.8% 21 01.08.83 123
5 09.03.8% 02.07.83% 115 Contd. -
£ 09.03.83 24,07,83 157 Contd. -
7 09.03.53 02,08,83 14 Contd. -
g 00.02.83 25.05.83 70 06.08.83 69
9 09.03.83 | 11.,04,83 32 10.09,83 150
10 (:0,03.83 27 .04,83 ha 12.07.8% 76




N DAYS

LIFE

250

200

From the above data it iz eobserved that the actual 1life
of a bulb is widely varied. The bulb at point Wo. 1 was alive
for 18 days only which was fallen in the stermy and inclement
weather pericd of the year. In the same point the sccond
replacement took 163 days. The average life of the bulbs in
the test-line was 971 days which is significantly higher than
that found for the total system. From the findings of the above
test line it may be concluded that unplenned and mismanaped
replacement precess is prevailing.

The fluckuations of the lives of the  bulbs' are shown

in figure below:

15T REPLACEMENT
B 2ND REPLACEMENT
1 ] i | ] ] 1 £ 1 }
0 1 2 3 4 g 6 7 B g 10

— NUMBER OF BULE POINTE

FIG. 5 a FLUCTUATIONS OF LIVES OF THE BULBS IN TEST LINE
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h.2 ANALYSIS OF DATA

The data were compiled and organized and transferred in
computer coding sheets, These were organised wardwise for
each week, The use of these data for the various models

discussed in the preceeding chapter are now presented.

Failure characteristice of light bulbs

The ward-wiée feilure charscteristics of light bulbs
have been determined. This iz accomplished by using cdata of
ihe *failures! and the 'suspensiens! of light bulbs for each
ward. Toe fgilure characteristics c¢ould now be determined as
follows . From the figure given helow lhe probability of

failure of a light bulb in a specific period, t, could be

explained,

f{t)

Probability
distribution curve

62
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The probability of failure of a light bulb between time
t1 and tE could be ascertained from this figure, This is given
by the shaded arca under the curve which is defined by a-
Tunetien, f{t), called the probability density funection,

Cumulative protability, F{t) , where F(tE— t,= t) is obtzined

by nsual integration of p.d.f. , F(t), within 1imits t1 and t,.

This is egquivalent to the shaded area under the curve. The
p-d.f. was assumed to be a Weibull functicon. The scheme of
transforming the failure data to Weibull probabilities is

given by

Fi

. , en . _ FO
Frobability of failure, FR = O+ 50

where,

) = No. of bulbs failed in a specific week

"

80 = No. of bulbs in suspension (active)

Computer sclution of determining the Weibull probability

function is now presented.

5.2.1 DATA SPECIFICATICNS, COMPUTER PROGEAM

The input data for finding the expected number of failures

are as follows:
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(i} Humber of class intervals for which raw
data are taken

{ii) Number of wards

{iii) Number of failures in each class

(iv) Wumber of suspensions in each class

The input form for this case i1s shown in table 5.2,

Table Sa.e INPUT FCGRMS FOR WEIBULL ANALYSIS

Problem Hame :
Class Interval i
Humber of Class

Failure and Suspension Freguencies i

Clazs Failures Suspensions
1 XXX XK
2 *XK ' WEX
> HHX XEX
4 MHX WA

Mention has kbeen made that a least square method hag been

used top establish the Weibull parameters. Thus a computer
program, specifications of which are given below, has been

developed in FORTRAF IV language.



Programme Parameter Specifications

EUBROUTINE ZK} a subprogramme for Welbull apalysis
and prints shape, =cale and lecation
parameters, failure probabilities,
cunulative distributien functions,
feilure characteristics, and alsco
calculates hazard rates, reliability

probatilities, and the truncated mean

life for each class interval,

SUBRCUTINE ZH# a subjprogramme which analyses raw data
to give a cumulative density functi-

on (c.d.T.}

TUNCTION YY a runctien subprogramme which evaluates

the gamma function.

AT represents the rumerical number of
the individual ward.
B represents the shape parameter of the

Fitted Weibull distribution.

E an array containing the suspenszion

and fallure items of =zones.

L

BF Bn array representing the Weibull
c.d.f.
a 2 gonstant term of Lhe least sguares

egtation used for the estimation of

Weibull paranmeters.



CFR

CR

CRL

CUFER

ETa

M
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g cunulative hasard rate calculated

from the basis of raw data.

represents a correlation coefficient
when fitting o least equares eguation

for finding the Weibull parameters.

an array storing truncated mean lives

for varlous class intervals.

an array storing c.d.f's calculated

ol the basis of raw data.

an array containing the walues of the

arguments of the exponential functien
in the calculation of EF,

represents the scale varameter of

the fitted Weibunll distribution.

an array containing the p.d.f's of
the fitted Weibull distribution.

an array giving the average of the
survivals at the begining and the
survivals at the end of each class

interval.

the mean of the failure time
disztrinution (Weibull)

an array containing failure freguen-

cies for each class interval.
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NZ represents the number of zones.

5B, SE represent the number of survival
at the begining and the end of

gach class interwval, respectively.

55 denotes the ctardard deviation of

the Ffitted Weibull distribution.
5H represents the derivative of H.

80 an array containing the suspension
frequencies far each class of

interval.

T a dusny veriable used in the function

subprogranme YY.

TEMP ’ a dummy variable used in the

subroutine ZKﬁ.

WFR an array storing the valwes of the
Weitoell failure rates for each cless

interval.

X, T rapresent the transformed dzts in

the. least sruares snalysis,

8%, 5X53, SiY variables which enalle the summation
5Y, 5Y585 of X & ¥ in the lezst sguares analysis.
i, I, 1J, IH, J, JI1, locp index wariables.

JJF, K, KI, EJ, KK, KM,
L, LI, LJ, LL, -



6%

Putput Spegifications

The eutput from the PROGRAM ceontains:

(i) A print out of the input data 25 a check
including a tabulated susnary.

{ii} A hazard analysis in tabular form Lbased on
row data.

{(iii) The Weibull distribution parameters.

{iv) Cupulative failure density funciion.

{v} Probvability density functiom for fazilure times.,

fv1i) The renewal analysnis bosed onm the fitted Weibull
distributien whiech contains svrvival protability,
truncated meazn life and cumulative renewals for

ezach class intervals.

The listing of the pregram is given in Appendix I.
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o242 QUTFUT AND RESULTS

The computer output for a particular ward has been shown
in page No. 102, 103 & 104 and consolidated results of all the
wards are alao given (Table S5.3).

The Weibull parameters namely shape, scale and localion,
mean 1ife and siandard deviation have been calculated ward-wise.

The formulme used for mean life and etandard deviation are

il
Mean, p = y +n {1 + T?

Standard
Deviation, o x.'nEE‘(‘I +—%} - {1"{1 +%}}E]

for the probakility analysis based on raw data.

The gamma function is evaluated from the following formula

n - 21 i 1
t) =" RO 5 w2 )

for large values of n. For values of n greater than 1, it gives

accurate recult of gamma function.

The failure characteristics and statistics of the
different wards were determined by IWPUTing %0 sets of data.
For comparison purpose of the failure patterns, the parameters
are summarised in table 5.3. It is feund that the shape
parameters of ward No. 6, 1%, 20 & 25 are very small thus the

distribution could be explained as hypet exponenitial in nature
measuring that no efficient replacement methed 1s in

operatiecn. Some of the wards, such as ward No. %, 5, g, 9, 10, 11,
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14,18,22,2%,26,28,29,30,31,32,33,34,37,39 with the values of

the shape paramete; glose to unity, the distribution patterns could
be cxplained as expomential., But ward No. 23,27,75 and 30

have their B -values more than unity.

The free failure time {y} is =zero, thus the two-parameter
Weibull distribution uwsed. The mean life varies from 12,02 te
£8.77 and standard deviation ranges from 15.378 to 69.88 with
the exception of two exceptional wards with very low B -values.

Most of thef - values are found approximately cleose to 1 indi-

cating exponential distribution.

From the above discussion, it has become clearer that the
two concepts of replacement such as (1) Replacement policy for
cach division and (ii) Replzcement policy for each ward could
not be of any use teo the mansgement. Firstly, for division-wise
replazcenent various wards are grouped with dissimilar failure
patterns, thus s single replacement peolicy would not be effective.
Secondly, for ward-wice replacement, forty vericus replacement
pelicies rvould recvire te be.adoptcod. This is not a practical
oroposition. Thus the existing "division' and 'ward! concepts
of replacement are not acceptable, Aécurdingly a new'zone!
coﬁcept a5 introduced in chapter % iz now developed in the

following article,



Table 5.2

Characteristice and statistics of words

vard No.[ FO x| B n u o

1 hy 116 | 0.57 747 12.02 22458
2 871 L8g | 0.89 | 26.44 28,08 31.75
> 792 295 | 0.88  sS0.08 53,34 £i0.66
62k 4 3 1002 | 31,27 31.02 30, 41

5 730 470 | 1.02 | 27.87 27460 26.93
6 806 270 | 0.20 | 10.82 | 1375.95 | 22252,.38
7 955 B2k | 0.9 | 40.86 bz.68 b6.62
8 714 .| 536 | 1.00 | 38,44 ZBLUE 8. 45
9 h65 263 | 1.02 | 25.56 25.%1 24,68
10 2362 | 4200 | 0.95 | 86,74 B8.77 93.96
11 2hs 116 | 0.95 | 20,45 20.90 21.91
12 697 360 | 1.06 | 24.23 23.60 22.21
13 170 53 | G.t 7. 20 22.66 63,85
14 488 328 | 0.95 { 31.5% 32.23 33.79
15 550 396 | 0.91 3457 36,16 39,82
16 G972 £90 | 1,05 | 32.44 %1.81 30.24
17 394 282 | 0,88 | 33.02 35.23 4 e 19
18 608 495' C.94 | 37.13 35,25 o793
19 613 399 | 1.05 | 28.83 28.24 26,78
20 450 1320 | 0.30 L,15 ho.11 221,26

7



Table 5.3 (continued)

Ward Ho. O N <] ] 1 g
21 681 265 | 1.05 | 16.%9 16.17 15.38
22 716 ks | 0,86 | 26.06 28.18 32.91
23 1000 610 | 1.19 | 26.73 25.19 21.17
24 538 383 | 0.94% | 33,20 Ih.E 26.26
25 1244 385 { 0.22 7.89 L6z, 39 5546,93
26 2974 | 3505 | 0.93 | 63.21 b5.25 95,88
27 3007 | 3848 | 1,12 | 57.59 55.32 LE .58
28 913 997 | t.00 | 53.07 53.1% 5%.37
25 1216 913 | 1.02 | 36,38 36.06 A5.26
0 1178 ag7 | 0.93 [ 42.18 Yr.7z b7.21
1 1132 1 1298 | 0.94 | 59.54 61,22 65.27
32 1151 696 | 0.97 | 29.35 29.78 30.77
53 986 590 § 0.94% | 2B.11 28.97 20.91
wh 1314 ?55 0.84 ] 26.29 28,76 b, 26
z5 1184 | 128z | 1.13 | 49,43 47.25 41,70
36 lh | 1126 | 0073 | 36.91 45.09 63,05
A 1262 782 | 0.8% | 29,19 72,09 38.56
%8 1096 | 104k | 1,20 | 11.73 39.25 32.77
39 1504 765 | 0.9z | 22.9% 2%.86 2544
ko &85 539 | 1.03 | 40,18 577 38.73
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S¢3 ESTABLISHMENT OF ZONES FOR THE LIGHTING SYSTEM OF THE CITY

Mention has heen made that the whole lighting system of
the Dhaka city is under the jurisdiction of two electrical
divisions under the Corporation. These two divisiens were
sreated on the basis of administrative poini of wview. The
logical approach should te to divide Lthe division on the basis
of sinilarity of Tailure patterns rather than administrative
case, Thus some bssis and ¢riteria were sought for the propos-
ed new division(s}. There arc statistienl methods such as
Digeriminant Analyeis Method apd Cluster Analysie Hethed for
the purpose and these methods would perhaps be appropriatc in
the current application. Unfortunately, no computer library
package were available to the author from any source, thereby
the avnthor has Lo resort to the follouwing heuristic approach.
The Weibull parameters such as shope end scale were considered
to be the important and influential parameters which control
the pattern and shape of the Weibull curve. Thus, the =cning

process was accorpliched based on these parameters.

Confidence intervals of shape parameter

Confidence intervals on thc shape parameter, B must be
evaluated since docisions may be bosed upon this value. Figure
b gpives factors F, against sane aize n for different

B
‘3 - confidence levels {99%, 95%, 90%)} on B.
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The upper and lower 5 - confidence limits =re then

L . "ed
BU_EFB and Bl_ 5"?

which is rearranped in the form

B-f\

— < BB

— c T
B

It hzs bcen observed that the B has an expected value of 1.0

considering the forty wards together, explaining that failure

nrobability dislribution is negative exponential. The Tactor

% for { n=40 and PR = 90% )} was found from fig. Ja te be 1.183

thus the confidence intervals are
084 <f < 1.18

From the =bove interval limits, the wards could be classified

into three main groups as fellows:

i) Wards wiih P -values zre less than 0.04
ii) Wards with B —valucs between 0.84% and 1,18

iii) Wards with B -values higher than 1.18

Dut grouwp (ii) is further hroken into following two rroups as

bulk of wards fall under *his group.

a) Wards with P -~values between C.84 and 1.0

and %) Wards with P —-velues beiwsen 1.0 and 1.18

Thus the four froups emerged are givep below:
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S.3.1 COMPUTER OUTPOUT AND RESULTS FOR THE ZONES

The oripinal data bank for FO, S0 for the wards were used
for the program as developed ip art. 5.2.7. EBut the program
has zlightly been medified tzilored te the reguirement of the
zones. This modification was necessary so that it could
penerate a =et of new arrays FO,and 50 for the individual
soncs as follows:

i} The program will search for the relevant wards
af the zone in the master fille.
ii)} The FQ and S50 arrays for the wards found in {1}
nbove were cumulated ard new arrays of FO and 50

were generated for the zones.

The sutput from the computer fer ene such zore, for

example, is piven-in ﬁages 20 H0,81 and consolidated output

are shown in table 5.5.

Derived Weibull parametersz Tor fallure

Table 5.5 distritution zeonewise
Done E T u o
1 0,55 20,80 22,13 25.12
I1 0.5 hWh 5o hé, 07 51,68
I1T 1.0 k1.5% o Bh 0.1k
IV 1.18 55,15 35,21 28.18
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Group ¥ B < C.8%
Group II 0.8 < B<1LO
Group IIT 1.0 < B < 1.18
Group IV g » 1.18 ‘

Toe ward-wise distribution

of the above groups termed as

zone 1, zone II, zone IIT and zone IV arc shown in table c.d,

Takle S.bt YARTOUS WARDS FALLING UNDER THE ZOHES
Hone B _ value Wards
I Less than 0.84% 1, 6, 1%, 20, 25, 36
2} 3! ?! 101 11} 151 16! 1?1 18‘!
IT O.84 s 1,0 )
) 22, 24, 26, %0, 31,32,33,34,37,39
4, 5, &, 9, 12, 14, 19, 21, 27,
I11 1.0 to 1.8 :
28, 29, 35, &0
1V Greater than 1.0 23, %8

The other factor namely scule

parameter, 7 was not considered

gince suitable method was not available bo find the confidence

limite for thiz paramectcr.
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It iz observed that the value of shape parameter of the
Weibull functien for the zenes ranges from 0.38 to 1.18. Thep-
value for zonew1 is the minimum (g = .88) which indicates that
the bulbs in this mone have faniled earlier before they could attzin
their average lives. 5S¢ this zmone should be critically loocked
inte for ihe possible causes of these early failures and thereby
steps should be taken to alleviate this situation. In the other
zones the fzilure disiributions would approximate to negative
exponential thus the failure behaviours in terms of failure
times are random.

ﬁﬁr the improvenernt of the situation steps may be trlken to
ensure that supply of quality materials reguired for the system in
terms of starters, chokes, light bulbs ete, is to be maintained.
This will alse require that optimum quantity of the materials sre

to be available =% right time and properly kept in store,

5.4 DEVELOPMENT OF CH&RﬂCTEHIETIE CURYES

Tt was the objeetive of the present worl ito establish a
relation Letween annpal cost of replacement (variable casts )
and percentage level of performance and hence freguency of
service trips per period (week) was ascertained. The replace-
ment pelicy would tnen be, deteraination of the number of
service trips per wWeek throughout the yerr for a desired level

of performance. This could bLe achieved by gencrating character-



igtic curves such as:

i) Annual cost of replacement vs, parcentage level of
performance
ii) Percentage level of performance vs, frequency of

gservice trips per week.

Feferring to the model eartier discussed in order to
calculate the various parameters such as average fallures,
Itotal failures per year and various service perilods (by simu-
latien) are intreduced in the scheme of the computer program

as follows:

The prohability of failvre for a period, t, has been

determined by using

. =
Pt = = (T) and

then cuamulative probability of failure, F{t), could

be calecul=ted as

Py
F{t] n =g =+ 1.0 P ] {5-1]

Using equation (5.71) probabiliiy for any time period, T,
could e Tound out as P{T)

P{T) = F{T) -~ F(T - 1)

83
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Average life in weeks of the items hac been calculated as,
T=n .
S = ». P(D,T
T="

whore, n = Ho. of weeks ol the year.

The averapge failures F¥ could be calculated from

where, X = Humber of bult points.

rX Average number of failures.

1

The level of performance, PR, was then found ocut using

PR:-;E-K "IC'G [ RIS R R R I A {512}

where, F§ = X - FX

The totzl number of failures in & ycar could be estimated

using egn. %.3% in chapter U,

Finally the c¢ost of replacement per year was calculated by

using the following cest eguation.

Cost of replacementf&r,

0k = Tolal Ko, of failures x item cost +
No. of trips/yr =x cost/trip x No, of weeks ...(5.3)



The avcrage cost per mile, €, could be calculated by

equations (4.20) and (4.21). The average trip cost for any

zone i, CTi =0 x Qi .............. {5.4)
where, Di = Total road milage for zome 1.

Trip costs have been calculated for each zone using the

equations (11.21) and (5.4). The ealculztion of the itrip cost

for zene-I has heen shown below, for example.

The basiec data are obtazined as

Ttem Valua
Total road milage, Do Lso miles
Total number of bulb peints, H 32916
Hunber of bulbs in zone-I, N1 2080
Annual Fuel cost, FC ™. %,16,101.50
Annual Maintenance cost, MC Tha. 2,4%6,615.00
Total milage covered {Annuall, DT 169232 miles
D
Now, D, = —2> % N
T N 1
where, D1 = estimated milage for zone-I
D1 15 estimated as follows:
450
D1 —'355?3 x 2080
= 28,4328 miles
fnd ¢ — 10 * MC
Py
316101.90 + 24661500

= THUE 58

5,325 Pk/Mile

&5



Thus, trip cost for zene-I,

CT1 =CxD

3.325 x 2B.436

95. 5497

9#‘-55 Taka.

Similarly for the eother zones trip costs were caloulated

as shown below:

Zone Total No. of bulb points | Trip GBSt*{Tk.}
I 2080 94.55

11 : 18137 a2k, 47

ITI 11045 502,04

IV 1654 75.19

* 411 costs are at 1982 prices.

Seha DATA EPECIFICATIONS, COMPUTER PROGEAM

The input data for performance and cost analyeis for
each zone contains:
i} Number of zones in the system
ii) Number of wards for each zone
iii) Number of estimated trips for finding the cost of
replacement per year and performance
iv) Cost of individual item

v} Trip cost for each mone



vi) The Weibnll distribution parameters for sach zuone

¥ii) Number of bulbs in each zone.

Progpram Parameter Specifigations

ETA

FK
¥s
Fx
NT
Hw
Ha
PR
SX

TEF
ATE

represents shape parameter fitted to

Weibull distribution
denotes cost of item bulbe

indicates the ¢ost of one trip to find

the cost of replacewment per year

renresents scale parameter fitted to
Weibull distribution

represcnts the probability of failure
during periaed

the total number of fails per year
represents average survivals
represents average failure

denotes number of bulb peints in the =zope.
reprcesents number of weeks per year.
the number of zZones,

denctes the level of performance, %
represcnis average life in weeks
represents the pericd or replacement
the number of trips per week

a dummy variable used for [linding the

cost of replacement

The mathemaiical hieuristic procedure developed earlier

wae then converted to a computer program in FORTRAN LV
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langnage., The format specifications for inputs have been given

in free format.
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5.4.2 OUTPUT SFECIFICATIONS

The output of this program contains:
i) A4 print out of the input trips and #4eibull parameters
along with the tetal number of points for each zone.
ii) Tabulated results based on the fitted Weibull
distribution and input data containing period of
replacement, total number of failures per ycar,
percentage level of performance and cost of replacement

per year Jor ecach given trips.

The computer program has been listed in Agppendix II

The cost of replacement per year and percentage level of
performance for different é&ratcgies of replacements in terms
of number of replacement trips per week have been calculated
using the equations (5.2} and (5.3). The resulte of these
values for each zone are tebulated in table S.6. Then
characteristic curves of cost of such replzcement ve, percentage
level of performance for the zones have been plotied us shown -
in Figures 5.1, 5.2, 5.3 & 5.4 and percentage level of
performance vs.number of trips per week have been plotted in
Figs. 5.5, 5.6, 5.7 & 5,8, It is found that the cost of
replacement inecreases very rapidly when the level of performa-
nce exceeds 98%. The level of performance increascs rapidly

when the number of service trips inereases beyond 10 trips

per week.
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Pable 5.6 Cost of replacement per year vs.percentapge level
of performance for various zones and varicus
fregquency of service replacement

Trips/ |Type of Number of Zones

week result I 17 11T IV

PR 84 .50 32.57 91.55 89.77

2,00

CH 21G520.149 1400822.00 872369.00 | 147986.50
PR 91.06 a5, 64 95,09 94,02
3.50
(4 IHLE65,69 1557%289,00 avo181,.94 164748 .00
FR 03,65 96,95 26.53 85,77
GO0
£R IRIRL2,.9% 1611359,00 | 1004975,.38 16997658
TR 94,68 o7 4G 97 .10 96. 46
5.00 .
CR 36183%2,06 | 1661329.00 | 1055949,63 | 174368, 31
PR a5, 42 47 .81 97,51 96,96
7.00
CR 268837 88 | 1708360.00 | 1064987 .00 | 179400, 37
PR 95,58 08 . 00 D7.82 97 . 34

8,00 .

CH 369389,00 | 1728870.00 | 1076059,00 180640.13%
PR 96,77 98 .47 98.25 97 .56
10.00 .
CR z82z2B.31 1820775.00 | 113278B.00 | 189440.74
] PR 97 « 30 98,72 98.5% 98.21
1200
CR F53825_13 | 190B446,00 | 1186695.00 | 197719.06
PR 97,68 98 .90 98.7% g8 47
14.00
CR LoY709.56 | 1993700.00 | 1238982.00 | 205697 .69
PR 98.27 99.23 99,12 98.92
20.00
CR 432833%.75 | 2232209.00 | 1384203.00 | 227486.88
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CHAPTER 6

CONCLUSION AND RECOMMENDATIONS FOR FUTURE WORK

Bl CONCLUSION

The objectivc of the present work was to apply the
Operations Research technigque in replacement of light bulbs
of Dhake eity. Existing lighting system of the Cerporation
has been studied and the varioue weaknesses of the system
igentified. To remove the defeocts of the system and thus to
evelve a better system the technigues of Operations Research
and Statistics have been employed. With the present peldicy,
the management has no conirol over maintaining a specified
level of performance of the lighting system measured in terms
of percentage of active light bulbs in the system at any time.
Mereaver, the management could not eascertain the level of
cost involvement for esch unit increase of the performance.
Thus to overcome these1inherent problems apalytical methods
have been used with the past one year's data for the
existing lighting area comprising of forty 'wards! iA twao
Divisions, The failure patterns of these words were Hnown
when a theoretical failure distribution such as Weibull
distribution was fitted, Analysing and comparing the Weibull
parameters of these distributions - it was obserbed that some
wards cnuld be grovped together as they indicated similar
failure patterns. Thus the rcplacement policy would be samce

for the wards and from management point of view it would ke
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useful to combine these wards and create a Zone, On the hasis
of this argument, the entire lighting system was devided into

four zones.

The pure service replacement poliecy hpe been proposed feor
cach zone. Welbull probabllity function has been used to find
totel failures for the year, and the long run average number
of fails. This would be achieved by varying the service
replacement policy in terms of service triﬁs per week., Thus
for any particul&r service replacement poliecy when the long
run average ails per period wao known, the percentage
survivals were calculated. fhis percentege survivals was
designated as pérfcrmance level of the system. Thus for
various policies of replecements, percentage levels of
performance of the system were calculated. Relmtionship
btetween this percentage levels of performance and aervice
replacement policy has been shown in figs 5.5, 5.6, 5.7, &

5.8 in chapter 5.

The annual cost of replacement reletes nonlineeriy with
percentage levei of performance. These are shown in figs 5.1,
E.2, 5.5 & 5.4 far the four zones., From the cost eguation
mentioncd in chapter 5, it is found that total cost has two
components {i) item cost and (ii) total trip costs. The
individual item cost and the trip costs components of the
cost equation are linear but the number of average fallure(f)

per year varies non-linearly with performance. Thus the cost
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curves become nonlinear with performance.

The management now can use this appreach as a 'tool' for
decision making in terms of formuleting replacement pelicy of
the system. I% can setl any cut-off peoint in terms of the
percentage level of performance; accordingly, the cozt of
replacement per year could be ascertained when the fixed cost
is added. On the other hand the total cost of replacement per
year could be known (at 1982 price lewvel) adepting a policy
for replacement of light bulbs at a predetermined performance
level. Due to inflation or any other reason the cost parameters
may change in which case new sets of characteristic curves

could be generated by the computer package already developed.

6.2 SCOPE AND RECOMMENDATIONS FOR FUTURE WORK
The scope of future work are given as follows:-

{i) There have been advances towards computerised data
proceseing. Thus striking results and better management
decisions are pessilble through this computer application,
In this respect data storing and record keeping should
be computer based, Future work may be directed in
exploring the feasibility of installing mini-computers
For the corporation.

{(ii)} Wumerical Taxonomy {Cluster analysis) is & powerful tool

s¢ also the discriminant mnalysis. A project should be
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carried out to inveatigaie possible alternatives in redesipgning
the system in terms of zones using those methods, Thus for each

zone appropriate replacement policies could be uscd.

{iii) The models developed in the present work are bascd on data

(iv)

cbtnined from a single source. In addition the time scale of the

project has meant that these models could not be exhanctively
tested, The author is very much awarce that a statistical model

of the {ype needs more data. Thus any future work should consider
this aspect,.

In the present work only the exisling system of foilures of light
bulbz {(as it operates) has been considersd without considering

the reascons bechind theilr Mailures. This was rather deliberatle
boczuse of the time constraint and scope of the present work., It
could now be stressed upon that & separate study may be made in
this context, Thus proccduress should be developed to control the
system and thus bte improve ite operation; in this regard a detai-
led sy=fem study may be made on 211 the components of the system
especially the eritical components such as the choles, starters,
fuses ctc. and also the environmentzl factors and conditions

which alfect the system., It may be mentioned that factors such as
wpather conditions, scascnality effecte etc. arc the few important
factors which fall under this catesory. Therec cxists some '"invisi-
ble!' factors from within the organization vwhich also need conside-
ration as they significantly affect the system operation. These

are artifiecial but need deliberate conlrol.
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Computer Programme to determine the Weibull parameters N
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Computer Programme to determine the relationship betlween

annual cost of replacement =and level of performance
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APPERTTE-TIT
Flow Chart ol the Qamputer Prograzme given in Appéndiw-TE.

SEart

S 1nput Mw, HI, TRF, CDS'I‘1/
¥

Onlowlate Sime pervicd,
T far Werbull funatiom
1
I

/;Input Bage Fea 5T
—

L4
Galculate probability of failurcs
4in time pericds T, also cuzulaklvs
probapility faliures

amulaty v
profmbillity ol
fa1lure

Averags life, averace
Za1lure, averoge eurvivel,
layel ol prriormsance

Lio

l'-:"'let iritial velue of KI=T |

Calzuelate total fadils
far varioue perigds

[Increass XT %y T |

falculate coafb of
replacement per year
I

[
Write tripafweek, perled of
raplagerent, kotal falla per
year, levf€l of parformance,
replacezent coat per youlr

NP




	00000001
	00000002
	00000003
	00000004
	00000005
	00000006
	00000007
	00000008
	00000009
	00000010
	00000011
	00000012
	00000013
	00000014
	00000015
	00000016
	00000017
	00000018
	00000019
	00000020
	00000021
	00000022
	00000023
	00000024
	00000025
	00000026
	00000027
	00000028
	00000029
	00000030
	00000031
	00000032
	00000033
	00000034
	00000035
	00000036
	00000037
	00000038
	00000039
	00000040
	00000041
	00000042
	00000043
	00000044
	00000045
	00000046
	00000047
	00000048
	00000049
	00000050
	00000051
	00000052
	00000053
	00000054
	00000055
	00000056
	00000057
	00000058
	00000059
	00000060
	00000061
	00000062
	00000063
	00000064
	00000065
	00000066
	00000067
	00000068
	00000069
	00000070
	00000071
	00000072
	00000073
	00000074
	00000075
	00000076
	00000077
	00000078
	00000079
	00000080
	00000081
	00000082
	00000083
	00000084
	00000085
	00000086
	00000087
	00000088
	00000089
	00000090
	00000091
	00000092
	00000093
	00000094
	00000095
	00000096
	00000097
	00000098
	00000099
	00000100
	00000101
	00000102
	00000103
	00000104
	00000105
	00000106
	00000107
	00000108
	00000109
	00000110
	00000111
	00000112
	00000113
	00000114
	00000115
	00000116
	00000117
	00000118
	00000119
	00000120
	00000121
	00000122
	00000123
	00000124
	00000125
	00000126
	00000127
	00000128
	00000129
	00000130

