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ABSTRA.CT

Operation of the lighting system and its maintenance in

the city is an extremely important service activity of the

Dhaka Municipal Corporation. The level of performance of this

lighting system depends mOre On the policy of replacement

and its implementation than any other relevant faotoro. The

level of perfor~anoe in turn affecte ' syste~ coot' in termo

of annual cost of replacement. Establish~ent of a olearcut

relation bctw~en the level of performance and annual cost of

replaoement would require such considerations as,

(0 Use of m,~thematics and scientific methodology of

Operations Research (OR) and Statistios.

(ii) Scientific approach of record keeping, storing and

retrieval of basic data etc.

In the pr~sent work a study of the OR techniques and the

method" upplic;,ble for the replacement of street liGht bulbs

are discussed. The failure rates of the bulbs have been

determined and fitted to the Weibull distribution whieh is

a general typ<J of theoreticnl distribution. 'On the basis of

similarity of the failure patterns of existing 'WARDS' under

the two 'Divisions', the system has been broken to four 'zones',

so that failure patterns within each zone is similar. Thus

four different replacement policies were suggested for the
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four zones. These replacement policie6 could be designated

as pure service replacement. The group replacement policy

could not be recommended because bulk purch~"e discount

advantage could not be obtained frol'\ the manufacturers of the

li5ht bulbs. With the proposed replacement policies

characteristic curves in terms of (0 annual cost versus

the percent~ge performance level and (ii) the percentaee

performance level versus frequency of service trips per week

were developed for each zone. The pcrforr.lance could be

measured aD the ratio of actual number of light bulbs in

operution 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 60rvice trips per period ( normally

per week).

The replacement models were developed u5ing one year's

data as supplied by the Corporation. A computer progralr.mein

FORTRAN-IV language has been used in the IBM 370/115 computer.

The parameters of tho Weibull function were established using

least squ~res method in the ~bove programme. This programme

along with other programmes for generation of the character_

istic CurV05 ar~ stared in rragnetic tapes which may be

avail~blc from BUET computer centre on request to the

Department of Industrial and Production Engineering.
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CHAPTER 1

INTROIroCTION

The country is suffering in most situations both in strategic

planning and execution due to lack of endeavours snd efforts directed

in line with Operation Research (OR) thinking. The industrial

sector along with other vitally important sectors of the economy

i" reluctant to use mathematics in its decision making. The present

study is thus devoted to find an application of OR in e.problem

which would be introduced in the following sections.

1.1. GENERAL INTRODUCTION

The term replacement is used with the widest applications. To

the economist it does not mean that equipment will be duplicated

at the end of its life; it does not imply like - tc like

substitution. It occurs even if a manual proceas is superseded by

a machine or if a gro"p of machines is superseded by one lare;e

machine. To accountants 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 writine; off of the old

asset and the booking of the new. The replacement of a component

part of an asset is the maintenance expense. To the engineers

replacement is synonymoue with displacement. Replacement then

meane that the pre3ent incumbent process will be displaced by a

simil~r or more economic one. Recognizing the fact that all

equipmcnts, iter-.s,parts etc. have finite lives (stochastic in

nature) ana need replacement the all important fact remains with
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questions to be answered euch as,

i) when and how frequently to replace?

and ii} which ons to replace?

Mi-le an6wering these questions from the past, optimum replacement

strategies had been evolved and neW mathematics, heuristics deve_

loped. At this point mention may be made that optimum replacement

strategy could not always be brought into operation in situations

where key factors such as cash restrictions, import policy etc.

are tight, as is the case in the country. Thus the experience

of the writer suggests that mOBtequipments of the country's

installations are operating at leyels far from opti~um; one

concrete e~ample may be:continued oporation of fleet of Vehicles

in the transport 5ector, where lives of most of them have passed

~conomic points. This results in (i) increase in operating cost

(including maintenance and repair costs) and (ii) inefficient

production with decrease in output.

All replacement decisions criteria include Buch factor(s) as

minimization of average operating cost and / Or maximization of

reliability of the system as a whole. In the later case standby

optimum numberB of items are kept at hand so that system does not

breakdown or the performance is maintained at predetermined level.

The effort is then directed to eVGlve a policy so as to 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 COncern6 a 'service' aYGtem of
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the city lighting. A preliminary study of the system revealed

that scientific method(s) of replacement policy is absent resulting

in unplanned replacement of the light bulbs of the system. This

in turn results to high operating cost. The writer envisages

that with the present rat" of climbing cost of replacement, the

overall operating co"t of the system at an acceptable level of

performance would be prohibitive resulting to possibly operating

at lower level of performance. Thus the present work made in this

context a study of the current status of th" system as detailed

in Chapter 3 and various limitations and shortcomings of the

present system are analysed thus to suggest an improved method

of replacement. The following articles are devoted to appraise the

basic concepts of replacement strategy.

The 5treet lights maintenance (excluding those of highways) is

controlled by thc Municipal Corporation of the city. The stud" .of

the. existing system reveals that a strictly service replacement

policy is adopted. The entire lighting system of the city is divi_

dad into two administrative divisions. TheDa divisions constituted

of a total of 56 wards, are administared separately. This division

is made strictly on the basis of administrative point of view.

Failure history for a period of one ycar hus been collected and

analysed initially to determine "ypropriato failure distributions

for each ward. On the basis of similar failure patterns new 'Zones'

have bcen proposed. Thus the existing two divisions ~ay retain

but it would be wise to bring the administrative jurisdiction to
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zonal concept. This would help maintain efficient maintenance

policies and better control.

1 .2 BEPLACEMENT PROBLEMS

The replacement problems usually f"ll in two catagories

such aa:

i) replacement of items that deteriorate with time;

and ii) replacement of items that fail in aervice.

When equipment deteriorates, the decision to replace will

depend upon the cost of new equipment and the cost of maintaining

the efficiency of the old and also concerned with determining the

optimum point in time at which the item should be rcplaced. The

aecond one is related tc circumstances in which the item breaks

down or fail completely.

In the theory of item rcplacement it is customary to

distinguish between two types of repair associated with item

failure, each type of repair generating a particular replacement

problem. The first type of repair results ~n the item being

restored to a condition as good as new. This class of replacement

policy is considered in the literature as age replacement policy.

Under such a policy an o~erating item continuously in service is

subject to failure, the item is replaced at failure or at a

specified age which ever Comes firat. Asauming instantaneous

repair and replacement the author shows that when the failure rate

of the item is strictly increasing end. differentiable or unique
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optimal replacement age exists which minimizeG the long-run total

expected cost per unit time. The second category of repair, the

i tern age is not effected by repair following a failure, thus the

i tern failuro rate remains undisturbed. In the second type of failure

there mnyb", instance" when items fail abruptly. Failures ,of light

bulbs in tl street lighting system is one such example. The life of

an item, in this case is probabilistic in nature as mentioned

earlier and thus follows a probability di5tribution. Tho cost of

maintonance und operation of the system over a year i5 given by:_

Cost CC05t of ",aking il
- single replacemen!J

x [probable

l!ailures

number of l
during yea:J

The "bove expression contains two quanti ties. '['hefirst one is

composed of other quantitieo such as item cost, nud cost of

replacement. Thus it is a strategic matter which decides the

replacement pclicy. The second element could be ascertained from

the probability of failure distribution of items.

1.3 REPLACEMENT METHODFOR ITEMS COMPLETELY FAILED

The problem of replacement arises because of two factors;

firstly, the existing unit or units may have out lived their

effective lives and it may not be economical to allow them to

continue operation; secondly, the existing unit or units may

have completely failed. In ench case operation research techniques

are available. These frequently met with that of determining at

what age the maintenance costs for old units will be off_set by
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ne~ purchases. Various methods developed for solving these problems

are given as follows,

,,) actuarial methods

bl numerical methods

c) application of dynamic programmin~

d) statistical octhods using simple algorithms

In the present work statistical methods have been used and

various statistica! probability distributions available and used

in similar situations have been studied. Considering,the generality

in natt»''', the Waibnll distribution has been u"ed in the present

"ork. A detailed study of failure chnractristics of lie-ht bulbs

for all the warda has been made and presented in Chapter 5. On

the baais of similari t). in failure charactristics in terms of the

two parameters such as 'scale parerneter' and 'shape parameter' of

the Weibull distribution, the wards were pooled and thus four

'zones' Were established. It is hypothesized that under the proposed

zoning con~ept the overall performance of the entire system would

be improved with corresponding reduotion of replacement cost. This

is becauae the aervice trips of maintenanoe crews could noW be

better planned. The total distanoe travelled by the service orews

would be shortened as the present highly erratic and haphazard

movements would be smoothened and thereby reduced.
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1.4 OPERATIONS RESEARCH TECHNIQUES IN INDUSTRIAL PROBLEM SOLVING

Operations Research (OR) approach could be applied in decision

making problems in strategic situations met within industry,

agriculture and variouD field of economy. The oldest profession

which has been involved in a sophisticated OR work is that of an

actuary who has be on applying life contigency, probability and

various mathematics and other methods to enable the life offices

to decide what the premium rates of various policies should be,

how best profits could be distributed in C"5e of with profit

policies, etc. The problem in industry starts from procurement of

raw materials up to the despatch of the finished product. In hoth

developin5 and dev~loped economics the OR approach is ~qually

applicable. In developing economics there i6 a great scope of

developing an OR approach towards planning. The basic problem in

most of the developing countries in Asia & Africa is to weedout

poverty and hungeT as quickly as possible; theTe is a great scope

fOT economists, statisticians, administTations, politicians,

technicians wOTk together to workout this problem with an OR

approach.

The OR apPToach needs to be equally developed in v~rlOUS

agricultural problems (Neverthless, there have been successful

applications of OR in industTic5 in developed countTies). The

5cientific appToach aims at giving a quantitative analysis of the

problems posed, in order to develop a mathematical model on the

basis of which data ore collected and numerical investigations
are made.
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The basic OR appro~ch i6

i) to formulate the problem as precisely as possible

ii) to device methods of attacking problems

iii) to undertake investigations on the basis of (ii) and
draw conclusions.

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 Gtuge (iii) is very often followed by a study of implementation

of the recommendations.

Having specified OR way of attacking u problem various

techniques are applied for the purpose of solving the

problem and should not distort the problem to apply a particular

technique.

Operations Rc~carch Techniques are continually being evolved

indeed the OR worker must often avoid the pitfalls of existing

techniques in maintaining his enquiring experimental attitude of

mind. Certain techniques have, however, now he en used in many

situations so successfully with only minor modifications on each

occasion that the responsible OR man must always consider these

techniques first in the (;iven situations because, after all, he is

paid to produce results not to salary his own intelectual curiosity.

These techniques give a clear indication of just -ho',;OR worker"

and the results it has had. Many of these techniques are derived

from mathematical statistics ~hich is still one of the most

powerful tools in the OR approach. This is necessary so because
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one GOffimonproperty of industrial systems is their variability

and mathomatical statistic is the method of handlinG the problom

of variability. The other techniques are linear programming,

queueing theory, simulation ",cthods, "tack and production control

models, decision theory and game theory, operations gaming,

information theory and evolutionary operation. These techniques

do not oieoun.e repre"ent the limit of an ORteam's capabilities,

nor arc they tho sum total of existing OR techniques. Othor methods

which could have been mentioned are - search theory, symbolic logic,

Boolean alGebra and dynamic progra~oing. Some techniquos applied

in OR arc borrowed fro~ othe~ disciplines - actuarial theory and

v~lue theory for ex~mple. There arc others being developed continu-

ally. Some are applic~ble in but a few r~re cases, others acqu~re

the powerful sweep of queueing theory or simulation.

In the present work an application of mathematical statistics

of the OR is sought. The following section is devoted to identify

the scope and objectives of the present work.



1.5 SCOPE AND OBJECTIVES OF THE PRESENT WORK

Scientific and systematic approaches applied to problem_

solving areas and also in planninG are almost absent in the

country as a result poor performances become almost inevitable.

In tIle Dhaka Municipal Corporation, it i.5no exception. The

Corporation in addition to various activitieG is responsible

for operatinG and manage~ent of the street lighting systen, an

important sector of the Corporation. The objective of the

maint~ining of lighting systems is to keep a satisfactory level

of lighting performance as economically as possible and could be

achieved through a carefully desiGTI plan and stratesy. From the
"initial ~tudy of the existinG system of replacement of the lihht

bulbo it was mentioned that a purely service replacement is being

used. The cost of replacement has been ascert"ined. 'rheaverage

variable cost of replacement has been determined, The inherent

wenknesses of the existing policy of replacement have been studied

While the city is exp,mdinc phy5ical1y along ~.ith population

Growth, the pressure on expansion of the liGhting network is
becoming necesuary. The high cost of ropl~cement should be a

pivotal factor in any redesigning of the system.

The objectives of the curre~t research work are Get as

fallah's:

i) To study the fliilure patterns of lisht bulbs of the

ayste:n and to ascertain the f"ilure J,aramaters

ii) To eGtablish zoneG (sub_syste~s) of th~ system on the
basis of simil"r failure characteristics-



iii) To evolve a prediction model to help predict number

of failures per period which could be simulated at

various strategies of replacement i.e. frequency of

service trips of the crews per period

iv) To establiah a relation between eost of replacement

per year with systen, performance and with various

strategies of replacement.

A preliminary investigation of the present study has indicated

a p05itive pointer toward5 definite improvement of the present

system. This could be achieved by using techniques of Operations

Research (OR) such us Replacement _ heuristic nnd thus formulating

a clearcut policy of replacing light bulbs.



CHAPTER 2

LITERATURE SURVEY

The process of equipment replacement is a historical as well as

a natural process. However new theories and strategies have been

evolved and practised in many installations. Thus many literatures

on this subject have been compiled uptil today. A theory of replace-

ment is basically concerned with the prediction of replacement cost

and then determination of the most economical replacement policy.

In such a prediction process another stochastic factor (variable)

und its effect is to be considered. This is the process of estimation

of an ite~'s finite life. Items in group also have finite liveQ which

are probabilistic and thereby could best be predicted when their

distributicns are known. This prediction is further compli~ated when

'renewal' aspect for an item i5 in operation. This meano that an

item's original life could be extended by hringing maintenance and

repair in operation to a point which is uncertain in terms of its

location. Fortunately in such a situations the "Renewal Theory" and

sophisticated mathematics are available, discussion of which is

beyond the scope of the present work.

The earliest replacement policies mostly concerned the deter-

ministic problems. McCall (1) published a survey on the subject and

stressed upon the practical need for subtle and delicate maintenance

policics. Contemporary work on replacement problems WaS also credited

to Ghosal (2). A particular class of problems of replacement can be

tackled by using the technique of Operational Research specially the



dynamic programming technique that primarily 5trive5 to determine

the Gtate of effairG when an optimal policy i5 followed. Ghosal

discusGed how a problem in block replacement could be solved using

Markov Chain. Crookeo (3), Bartholomew (i+l,Nakagawa & Osaki (5),

Sivazlian (6), Shamblin & Stevens (7) all have contributed towards

problems and theories of equipment replace~ents. An optimum replace_

ment of .forklift trucks has been described by Eilon, King and

Hutehinson (8). Jardine (9) and Sivazlian & Stanfel (10) have also

developed various types of deterministic replacement models. West(11)

compared the methods for alternative replacement policy idcntifying

certain cost relationship partinent to the minimization of costs and

developinG the methods for predicting costs bssed on probability

distribution of life spans. Many important methods have been applied

to v"rious maintenance mode15; the first of wh1.ch i5 the class of

preparedness of models where the equipreent fails stochastically snd

alternative maintenance action for sllch equipment include inspection

and replacement. Preventive maintenance models possess the second

class of waintenance models.

Ackoff & Sasieni (12) sug~ested a method to determine the optimal

life of an equipment ~hen increased aee reduces its efficiency and

average cost per period for individual replacement. Ackoff ~ gasieni

alBo sUSgested a probn.bilistic model to predict expected n"mber of

failed it~m$ per period in a system. It has boen d~monstratad that

group replacement ha5 positive advantage ovcr service replHcement

under normal cost situations. Wild (13) considered the effects on

different costs of both random replacement and a~e replacement policies.



Age replacement for an infinite time 6pan ha6 received attraction.

When such an optimal interval existG, Morse (14) has suggested a

method for determination of this replacement interval minimizing

the expected cost por unit time. Bnt in caBe of finite time spun the

optimal age replacement interval iG not casy to find out. SaGicni,

Yaspan and Friedman (15) presented a procedure for computing the

economic life of a machine that aSSume the purchase only a single item.

They illustrated the procedures for determinig the policies in replacing

bulbs, airline Gtewarde5sea, given the present failure age distribution

and survival di~tribution. They also determined the optimum adjust-

ment interval for a m~chine with a 3pecificd linear operating cost.

A dynamic programming model for e'luipment replacement has been cons_

tructed by Ballman (16). He considered two possible course~ of action

whether a machine ~hould be kept on for another period or it should

be replaced by a purchased machine.

Dean (17) summarized the replacement models developed by other

authors (such as Terborgh, Orenstein, Claphan, Smith, Bellman, Rifas,

Rutenberg, Pennycuick, Senjul and setup some replncement decision

rules. Several problem& in the optimal control of dynamic aystems

were investigated by Dermann (18). A system is claaaifiable into one

of a finite Of states and controlled by making one of a finite number

of decisions. This ntochaatic proce~~ is dependent upon the sequence

of decisions, in that the decision determines the probabilit~ lawn.

Using the methods due to Dermann for sequencial decisions problema

involving average coat per unit time criteria. Klien (19) gen@ralized

hiG model and form~lated the problem of finding optimal policies



whose deterioration can be expressed as a Markov Chain in linear

programming terms. It has been ussumed that the time until the

next in6pection is variable and it i6 determined at each

in6pection.

McC~ll (20) determined some of the operationG characteristicG

of opportunistic replacement and ~nspection policies which makes

the replacemont of a sinele inspected part conditional on the

state of one or mOre continuously inspected. p"rts. ","eiG6(21)

presented a derivation of the asymptotic results from the theory

of Semi-Markov process. Tne dorivations fOUSQ are not completely

ricorous. Hand.l"rski (22) analysed preventive maintenance scheme

for iffiprovingmachine utilizution. ITe has introduced a neW model

integrating the availability and the cost function into one

profit function which h~s been done by aadinG a ne~' purarneter,

revenue gained per unit operation ti~e of the machine. An

interested reader is referred to Roll & Naor (23), Parsons (24),

Wyder (25) for so~e of the work" in preventive maintenance

policy and replacement theory.

Kaufmann (;,,6) con::;tructedun equiprnent 5urvi",,1 Gur"e taking

a clas::;icexample of liGht bulb~ to ~how the relation between

the number of 8urvivine bulbs at any given moment and the nu~ber

of bulbs ori~inally placed in service. The prob~bility of

failure is an important ch~racteri6tic to measure the risk

involved to keep in service an item of equipm~nt that h~s been

in operation for u particular time.



From the above survey of avuilable literatures the ~nrks

of Knufrnann and Ackoff & S,,~ieni are devot~d to replacement of

items ~ho&e liv"s end after failurh The failure distribution

used in their I:lod"ls~as the negative exponential. Moreover

input cost parameters for both individual item cost and group

item cost are such th,~t a 5trate5Y for group repl.'icem~nt

(f,,-i1~dand unfailed) "..aybecome a p05sibl~ optimum policy.

But such defferential costs and cost advantage of one over

other does not ~xist in the present study. Thus the methode

available could not b~ used in the present work.

A modified service replaccmc~t policy has been suggested

in Hte pr~sent ',lOrk.Although the ncgativ~ exponentioil

distribution iG accepled to be a very clo~e approxim~tion of

real life situation, it lacks generality. Thus the weibull

di3tribution is propo3ed in the present work.



CHAPTER 3
SroDY OF THE EXISTING SYS1'D'I OF STREET

LIGHTS OF DHAKA CITY _ A CASE STUDY

3.1 HISTORICAL BACKGROUND OF DHAKA MUNICIPALITY CORPORATION

Early in the nineteenth century the city ot Dhaka "as a mere

wreck of its once-splendid self and civic facet of its overall

milico. A Europian chronicler who visited DhakCl in 182~f recorded

th~t two_thirdn of the vast area ot the city were tilled with

ruins in which the bulk of its estimated 3,00,000 citizenn (29)

A Committee of I~provement existed in the city ~~ early an in

1823. It confined itself to a modest range ~n two spheres of

public works, viz., sanitation and transport, specifically itn

function were defined to be the improvement of BazClr Street, the

construction of bridges and roads, the filling of uns~nitary pools

and ditches. The Committee Was nn official body and its fund "as

sanctioned by the Government. In 1840 Government created ~ Dhaka

Committee with wider range of functions. The functions of the

Committee were to look after the conservancy drains, tanks and

general cleanliness of the town, to guard against any encroach~ent

on the roads. A rele ••..ant thing to be noted during the period

1840_64 ie the degree of public participation in civic function.

like watering of the main Bazar Street.

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

BuniciI'ality has its prototypes through retrospective decades,



though they were germinal and fell far short of a full_fledged

Municipal body with a corporate entity of its own. Municipal Act

was publishcd in 1884 and that period Magistrate was thc Chairman

of thc Paurashava. Govcrn~ent abolished Dhaka Paurashava at the

end of the year 1947 and at thet time the functions of the

Pauraahava was run by the Government selected body. In 1960

Government established the Municipal Ordinanc.c. In the month

of October, 1978 the Government converted the Dhaka Paurashava

into Dhaka Municipal Corporation by an Ordinance.

3.2 FUNCTIONS OF DHAKA MUNICIPAL CORPORATION

The existing functions of Dhaka Municipal Corporation are

deposed as under.

Public Health

The Corporatioh is rcponsible for the sanitation of the city,

control of environmental pollution and removal of refuse fro~ all

public ntreets, public latrines, urinals, arains, and all building

and land vested in the Corporation and for the collection and

proper di'Jpo'Jalof :iuch " refuse. The Corpor".tion keeps records

of births, deaths and marriaGes within the limits of the city ano

adopts preventive meaSureS for infectious di"enses by vaccination.

Mosquito control scheme is noW executed by the Corporation.

Water Supply and Drainage

The function of DlIC is to look after, construct, m,~intain
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and clean of surface drain" only of the city. The "uter supply

and other drainage system, Bwerage system has been maintained by

VASA and the storm swerage drainage is now maintained by Public

Hoalth Engineering. The Corporation maintains the portion when

handed over by Public Health Engineering to Dhaka Municipal

Gorporatirm.

Articles of Food and Drink

The Corporation prohibits the manufacture, sale or preparation

or the exposure for snle of any specified article of food or drink

~n any place unless licensed by them. The Corporation also prohibits

the import of such articles for salo without the license. The

Corporation is authoriZEd for seizure and disposal of any ani",al,

poultry or fish intended for food which is diseaa.ed, or any food

or drink which is noxious. The Corporation has also the function

to establish and maintain public markets and seCure the proper

mans5ertent and sanitation of such rtarkets.

Culture and Social Welfare

The Corporution provides and m"int.,dna public hall and

community centres and also provideo for the r~ception of distin[U-

ish visitors, arrunges on the occaoion of any fairs, show" or

public festival within the city. It maintain" burial grounds and

burning ghats.
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Trees, Parks and Gardens

The Corporation 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 parks namely

Victoria Park, Gulistan Park, Nnrinda Park and Shishu Park.

They also maintain public gardens.

Engineering Works

Development and maintenance of roads and some times project

offered to TIMeby Government, e.g. bus terminal scheme (Jatra-

bari, Tejgoan and Mirpur Inter~district bus terminals) are the

functions of civil enGineering. Office buildings of the

Corporation are to he constructed by them. Street lichtins,

Street watering. trafic control arC the main functions of

electrical enGineering section. DevelopTIent ~nd m~intensnce of

road cS"l,eting by asphalt plant, slaughter house, decomposed

planta arc the ",echani""l engineering functions of the

Corpora tion.

Thc "bove functions ~nd responsibili tics and the personnel

are depicted in an organi7.ation "hart. The obje"tive is to

identify and locate the position of the lighting system

manligementfunction in the chart. The organization chart is sho"1n

in Fi£. 3.1. It can be observed that the orsaniz~tion is classicul

line-ataff type. The scope of the current discusoion is

restricted upto showing the organization of the Corporation.



AYOP/.DIUnSTRA1l.lR

CfirE' EXECUTIVE FF'ICEI1

calEF DlGINEEllj

R"'V CIRCLE 3
HV OFFICE!!

liJ".CRO

:A/c eFFIGEll C R OTFIOEll'O(GE!<

~EV CIRCLE 1IR"V OIRCLE 2
R~V OFFIOER REV OFFICER

ESTATE OJ'Flcrn

AAO ESTll

l.AW OFFIOER

LIVES'lOC STORE MAGISTRATE
o'FIC,R OFFIOER

SUP. ENG.
IPOLE Eft',r;:-----,

.'::'::,:".~'":
EN(DIV.-:-lj: SJ,El

. ;
I'RHO OFTICEl! [YD

'-- --,l[xn;(DIV.Elnlt
~A"F.AS III I------,
EN MBGll)

A~(W/") !AE(ASP)I

RESPONSIBLE FOR
L16TIlING SYSTEM

XEII(DIV.III)

ToNS OFl'ICSll

XE>l(DIV.IlY

SUP.ENG.
CIRCLE-I

,
",

FIG J.1 ORGANISATION CHART Of DMC



3.3 STRENGTH OF MANPOWER AND VEHICLE RESOURCES

The total number of employees of the Corporation is 8090 and

among them 4491 are serving on day-basis on hire. Statement below

shows the distribution of staffs.

Statement showing distribution of "taff Department/Section wise

Department/Section
Number of Employee,
Regular ' Day_basis

Administra tive Departmen t

Estoblishment Section

Administrator Cell

Public Relation Officer

Security Section

Lab' Seotion

Social Welfare Section

Arboriculture

Finance Department

Revenue Department

Estate Department

Health Sanitation

Health Department

Livestock & Veterinary Hospital

Engineering Department

Education Department

Store Sec tion

95

7

"6

680
,8

'5'
6'3

3

,

),927

257



Department/Section

Transport Section

Outfall Work ••

Number of Employee .
••Regular' Day_basis

309

Total 3,599 4,491

Engineering Department (Electrical) is responsible for the

maintenance of street lighting system of Dhaka city. This Division

is subdivided into two divisions namely, Engg. Div. (Elc.)-I and

Engg. Div. (Elc.)-II. These divisions are set up from the

administrative point of view. The total number of employees of these

two divisions are 119 and 158 respectively. It has already been

sho'lllthe place and responsibility of these two division in the

organization chnrt in art 3.2 • It may be useful to note that there

are total of 377 (119 + 158) staffs under these two divisions

responsible in operating the lighting system. Incidentally the

ratio of thiflnumber with the total strength in the department

Strength of Vehicles

A total strength of 276 number of vehicle6 are being used

by the Corporation. There are twelv~ vehicles used for Gtreet

light maintenance work. The vehicles are of three types:

i) Hydraulic Ladder carrier engag~d for quick repair
maintcnnnce of street lights



ii) Trucks over which bamboo ladders are carried and vehicles

a.rc eng"ged in the areas having wide ro"ds

iii) Push trolly is u"cd in medium or sm"ll lnne/bylane where

truck~, ladder carriers are not accessible to the point.

ThE total etrEngth of vehicles is list~d in table 3.1.

Table 3.1 Tot~l str~ngth of vehicles.

1,'0. 0' Vehicles used Total No. 0' V"hicles
Name0' Vehicle '00 liGhtinG 0' 0

"
C

Truck 3 123

Hydraulic Ladder 7 7

Pick_Up - ,
Mini Truel< - "
Tractor - ,
WatEr Tanker - 5

'0" - ,
Micro Bus - ,
Jeep - "
0.0 2 , 5

Motor Cycle - 55

Total " 276
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3.4 TREND OF ANNUAL CONSlHlPTION AND EXPENDITlJRES

OF LIGHT BULBS OF DHAKA CITY

Generally four types of bulbs ure used by Dhaka Municipal

Corporation for street liehting of Dhaka City - inc<lnd"scent lamp

bulbs, flureBcent tub~s, mercury bulb" and sodium lamps. Mercury

and sodium lamps are r"-rely uGed duo to high cost. Though the~c two

types of bulbs arc ~xtensively used in all developed countries,

flurescent tubes of 40 watts are commonly used in the city.

Incund,,"c"'nt bulbs still exict in "any places of Dhaka city and

futu~~ scheme of D~C to replace all the in~and~3cent lamps by 1985.

The total cQnGumption of flllI"eScent tube" and incandascent bulbs

are shownyear_.:ise for the lost H:ree yean,; in t"ble 3.2.

'r"ble 3.2 Year-'.-li~c consumption of tube and light bulb".

8o. 0; No. e;
Year ~lurescent tube" incandascent bulbs

1980 - 8' 34,000 18,000

1981 - " 45,000 14,000

1982 - 83 52,000 8,000

1983 - 84{e"timatcd) 66,()OO 6,000

So"rce:_ DJ!,C file prc1jcrvcd by the XEIJ of Elc. Div.II

From the above it is observed that the use of flurescent tuhes

are e;raduallJ' lncr~(l.sin1; ",ith the decrea.5ing of i'lc,mda"cent lamp"

Hnd tot"l. cQnEiumptionis also increasinG_ With thi6 incre""i,,['; trend

in consumption th~ over"ll expen"es pQr year ha" an inc rea sine trend.

This is 1;iven in the follo'.:ing "ectiorJ.
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Expenses Year_wise

Tne annual expens"" of "treat light bulbs & materials,

maintenance of street lighting nnd the salnry of street lightinG

staff were retrieved from the corporation files and are lisled in

table 3.3.

Tubl~ 3.3 Exp~nseG for bulbs & Eaterial0, maintenance & salary cost

Salary 0' stroet
Bulbs and 1.1" i"t er.an c e li[;hting staff '0.
H"teri"l" of lighting 8 :'lonths("p '0 Feb)

Year T"kn T"k" Taka

1974 - '75 - 20,06,915 2,32,046

1975 - 76 - 11+,38,832 2,62,049

1976 - 77 - 22,27,216 3,23.779

1977 - 73 - 23,66,537 5,08,996

1972 - 79 17,03,378 25,)0,548 5,70,343

1')79 - 80 20,57,365 25,17,088 7,69,159

1980 - 8, 56,14,286 119,98,697 6,65,60?

1')81 - " 39,10,166 13,23,11<9 -
1982 - 83 27,49,538 37,04,210 11,31,9"0

(00 '0 Feb'S3) (0' '0 Feb'83)



3.5 EXISTING REPLACEMENT POLICY

The entire street lighting sYGtem of Dhaka City is under the

management of the Municipal Corporation of the City (I::t-IC).The

management follows the service replacement policy for the

replacement of street light. In service replacement the unit i5

replaced after its complete failure i.e. replacing an individual

item that has failed. This existing system of replacement process

is the moat conventional one. It consists of one regular field

trip of the system everyday. ThUG any failed bulb located in the

system is replaced by a ne~ item. This is the normal replacement.

There is another service replacement based on specific cOIT.plaint

received from the user point of view.

Nor~al Replacement Process

In the normal replacement the service crews >rho ure culled

Maintenance Gang makes at least one trip of the system (wardwisel

to detect any failed item. One Gang consists of one lineman and

hlO helpers. Each gang is assigned for one large ward or two

smaller wards. The gangs function from 1-)0 p.m to 9-00 p.m. for

all the wards other than the VIP roads. The normal duty for those

VIP reads is from 1-30 p.m. to 11-30 p.m. Gangs for VIP roads are

provided with modern radio communicating devices "uch as >Iire less

sets. Sufficient material" are given in advance to those gangs sO

as to replace failed item within short time. For other wards

materials are procured from the stores follo~'ing necestJary formal

paper works.



Normally a fixed amount of fuel oil is issued for main-

temmce of 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 ganGs use push trollies. In

case of emerGency such ,w after storm and high winds thc

supervi~ors make an emereency trip and asF.CSSthe situation

and instruct accordingly.

Service Replacement on Request/Corr.plaint

llnder this system of Dervice, compl"ints/requestD arc

received nnd accordingly these arC ~et on first_come_firot_

serve basis. These complain to rep,,,ding any failure of any

licht-bulb in the cystem, are mude by one at the following

ways:

a) Complaint received from the public either by telephone

or by written application. These complaintc are

received hy the Corporation by one of the following

control points:

il Complaint received " ,o. "ir",l",,,,, CQIlt"ol room
ii) Complaint received " the complaint centre "' D~IC
iii) Complaint received " different offices such 0"

Chief EnGineer'G Office, Superintendent Engineer's

Office and others.

h) Compluint received hy the maintenunce mobile gang. The

mainten"nee Gangs on duty travel in the """cis and detect

the failed bulbs in the Gystem. Moreover, any defects in



the accessories, prDblem~ in the line etc. are replaced

by them. The failed bulbs are replaced imoediately. These

cre~5 are also capable to detect any failureB on the bulb5

due to uneven fluctuations of voltages. For any snaping

of ~ire if detected, written information is given to the

relevant office for further necessary actionn.

e) Each ~ard Com~ittee iB headed by a chairman with fe~ members.

This committee is alno reflponsible to inform eoncerned

electrical division5 if any irregularities in thc perfor-

manCe of the street lighting system arc d~tected.

In Some cases other agencies such aB the Electric

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

lopment Board reports to the m~G.of any failur~s of light

bulbs deeted during their own servicing and operational

activiticB.

These above complaints "re attended to On priority basis. The

normal replacement as mentioned earlier along ~ith the5e service

replacement constitutes the exi5ting replacement policy of the

Corporation. The actual repl"ce""ent proces5 is now described below.

Replacement Procesn

a) Comnlaint receiv~d from thc public are attended by the

concerned t!aintenance gang posted in the complaining area.

In caSe of "ny major fault th~y investigate the matter

and prepare a list of illaterials.Appropriate supervisory
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personnel such as SAE/AE in some caDee the higher

supervisory personnel such the Executive Engineer

investigate the complaint and endorse the replacement

process.

b) Complaint received from the mobile gane:;,~ndnecem:;"ry

materials are issued after proper scrutiny. After the

replacement thc working gang submit a list of work (address,

nature of replacement etc. to the office with ",rea).

Supervisory level Officer oecusionally investigates and

tukes some on the spot verification.

c) Complaint received from the ward Committee are curried out

by working gang receiving necessary materials from the

office. After replacement/repair of street lights the working

gang takes signature from the ward Chnirmun or Member and

produce it to the office for proper record.

Complaint givcn by other agencies are also attended and
after proper action the concerned agency is reported back

of the action taken.

Exceptional Replacement

'fhere are few very important lines needine "pecial attention

Any complaints from such special lines are immediately attended

to on top priority. As such sufficient reserved materinls are eiven

to the gangs in this jurisdiction to carry out the maintenance

work. This gang generally submit" work lists to the office everyday.



3.6 DEFECTS & LIMITATIONS OF THE EXISTING

PROCESS OF REPLACEMENTS

The existing system of replacement is rather unscientific

where systemntic procedure ic almost absent. The defects of the

existing sJ'stem of replacemont are listed below:

i) Eratic movements of the gang may be comparable to

spaghetti which is formed due to unplanned and uneconomic

trips. As service replacement policy exists, the CreW

attends any complaint as first-come_firnt_serve basis. This

ignores the application of techniques of OR such as 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 various costs

could not be made. Thus proper replacement strategy could

not be established.

iii) The existence of a centralized system of management

hinders the promptness of the process of replacements. The

procurement of necessary materials from the central

stores has the following disadvantages:

a) lengthy paper work and bureaucratic imposition

b) increase the cost of acquisition af} the creWs at

the furthest wards have to travel back to the

store to collect their stores.

iv) The existinS two electrical divisions ~'hich are responsible
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for street light 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 movement

of the crews. Thu5 the trips of the crews_cQuld not be

plaar-ed.
vi) Most of the replacements are made when attending the

complaints previously made. In the process the crews m~ke

survey of the system to detect any normal failures. As a

result normal replacement 'could not be accomplished

""tisfactorily.

vii) l'he present record keeping system is defective. Thus any

installation of neW item is not recorded according to

'pole' identification, a holdins number of the light posts.

As a r~sult estimation of tho actual pcrformance~ of the

light bulbs could Dot be made.

The proposed replacement policy would remove few of the above

defects of the exi~ting systGm. But a final word regarding the
IT.anagementof the lighting "ystem, may b~ that a carefully planned

reorganization is necc~~ary giving mora autonomy and decentraliza-

tiOD of authority.
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CHAPTER 4

DEVELOPMENT OF METHODOLOGY FOR ESTABLISHMENT OF

A REPLACEMENT POLICY ]'OR LIGHT BULBS IN THE CITY

A study of lighting aystem of the city was made in chapter 3.

The study revealed that the existing system of replacement policy

h"d few inherent weaknesses. Thus to overcome theBe ",eakn~3seB, a

method has been proposed. The methodology u"ed for the proposed method

has been esteblished in the present chapter.

4.1 DISTRIBUTION OF FAILURE PATTE!lnS

Exponential distribution is generally used for failures 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 reliability prediction. But these should not be used indis_

creminately rather be used cautiously depending on situations and

their typicality. The hazard function for exponential density function

is constant which is applicable of the density function. in life testing.

The other probability distribution namely the hypergeornetric should

be woed in a situation where the failure ia increasing. The exponen_

tial distribution is a special case of both Gamma and Weibull distri_

bution. This is characterized by a constant hazard function which is

also the pnrnmeter of the distribution, i.e, if" 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



into service neglecting degradation failures. The waihu!l distribution

is probably the moat widely used distribution for life testing appli-

cations. Thewaihull distribution was knol<n to statstioians as the

Fisher - Tippett Type III distribution of smallost values or ss the

third asymptotic distribution of small eat extreme values. In case of

hyper - exponential distribution the failure rate decreases with

increase in time.

The ;Poisso)')distribution is "-pplicublc when a random failure

exists, practical examples of this type of failure distribution can

be found in the failure of lamps and vehicle en5ines. Due to para_

mounti"'portance of this distribution in stntistica! practice, tables

of random normal variates have been established. Lives o~ v~rious

machinery items and biological species follow exponentiul distribution;

the inter_arrival time of ships in a port or of customers at a shop

counter muy approximate to exponential distribution. This type of

distribution is expected to-be used often to describe service time in

queuing prOblems.

Gamma distributions are characterized by two purameters _ shape

parameter and scale parameter; posses3 increasing failure rate in the

cuse when shape parameter is greater than unity. This di~tribution can

also be "usad to model the time to the failure of " systam 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 difficult to determine whether

the proper model is, for instance, '1eibull or Gamma. Distribution

models such a3 these will generally 'fit' well in the 'middle' of

,
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the range of the random variable. There UTe certain values of

skewness and kurtosis which are indicative of the shape of a

distribution that the waibull can not attuin which the log

normal or gumma distribution can attain (27). Fortunately, in moot

engineering application the Waibull is usually close enough to

provide reasonable guidance; when the shape parameter is approximately

one, the Weibull distribution takes an exponential shape

whereas it approximates nor"al distribution when the shape

parameter is approximately 3.5.

The parameters of waibull distribution, .shape, scale & location

indicate the waibull slope, characteristic life and the minimum

life respectively. The two-parameter "aihull has a minimum life of

zero and the three_parameter distribution Can always be converted

to the two_parameter distribution by a aimple linear transformation.

The hazard function decreases in time when shape parameter is less

than one, increases when greater than one and constnnt in case of

unity value. Location parameter of a weibull distribution is usually

assumed to be zero nnd ita value less than zero could indicate

failure in storage (27). Its rcliability is not easy to find out

directly as in the Case of exponential distribution. One of th~

main feature of this distribution is its nbility to generate a

family of curves with different shapes of the failure-rate

function".

The writer haa chosen the wei bull distribution for the analysis

of failure characteristics of light bulbs considering its generality

and euse in handling. The failure den~ity function, reliability

function, CUJr.ulativedi"tribution function and haz;ard function of



weibull distribution may be stated as follows:

f( t) (4.1)

where, fIt) = Failure density function

Cumulative distribution function could be obtained by

integrating f(t) with rcspect lo t

Thus,

lIherc, F(t) = Cumulativc distribution function

The Reliability funclinn is G"~ven by,

The Ha~ard function is giv~n by,

fIt) SIt f -,
h( t) - ,

= H( t) =

""
'dh~re, " • Shape parameter

C - Scale par,~meter

y - Location parameter

t - Time period
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The expression of ahove function~ for other types of

di5tdbution failure are avuil"ble in standard text books.

Estimation of the Parameters of Weibul1 Distribution

For the estimation of the weibull pa""mete:rs of group data,

the follo>ting methods Can be used;

i) Least S1uare~ Method,

ii) Maximur.oLikelihood lle1.ho<1,

and iii) l1inirnized Chi_Square", ne1.hod.

Tne Le[lst Square" method haG been used for the estimation

of the p"rameters by Kabir (?8) and cm"puter progra.mme in

co~plctc in FOH'rRAN IV l~nguage was available. In the present

work, the above package has been used with ~omc necessary

tllodificationo;. This ",ethad ~s b""ed Dn the inverGion and double

logarithmic tr"nsform"tian of the equation for the cumulative

distribution function, F(t) is given earli~r in ~quation ~.2.

For convenience it is rewritten as followo,

which on transformation becomes,

This is a linf'sr equation of the st,m<isrd form,

Y=mX_G,
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long. The third is the best from the ~tund point of Chi_Square

criterion for goodness of fit.

4.2 REPLACEMENT MODELS

Replacement modelo fall into two categories, depending upon

the life pattern of the equipment under study. The first of which

deals ,;ith modelB for replacing equipment that deteriorates ,with

time. 'N,e other category present" replacement modele that may be

used to cQtablish replacement policy for equipment that does not

deteriorate with time, but fails instantaneously and comple-

tely. Replacement model for items that fail requires the use of

prohabilistic concepts end the statistics of failure data. The

model5 fOT these replacement policies are ",,11 developed nowadays

end available in all reliability and f!perations Research text books.

The present work has dealt with servicc replacem~nt. Light bulbs

exibit th~ characteristic of instentaneous and complete failure and

they are presented as follows:,.

Analysis of failure data.

failure data would be collected and recorded within discrete

time of interval. The survivor bulbs function properly at the end

of each time period. The probability of failure during the time

period and that of survival are calculated from basic d~ta using

equations (4.12), (4.13), und (4.14).



'fhe number of r~placement per period

If x
t

denotes the number of r~l'l"cem~nts made at the end of

the ,th period, 'e, number of replacement ., ", •• d of each

period '''ould "
• • •0 0

", • • p( 1}
0

" • • P(2) • " p( 1)•
'3 • ", pO) • " p( 2) • " p{1}

•• d 00 forth •

w()uld be

P(t-b)+.JC4.))

The averag" life of the ,mits und~r con8ider,~tion is given by

the ~)l:pression

This oquation may be compared l-.'ith equation (If.15)



Cost of croup replacement

The cost of a rcplacino; fuilura involves item cost,

labour cost, production cost, material dam~geCOGtetc., the sum of

these C05ts may not be costant for each failure. It depends on the

number of failures in each period.

replacelents of failures by virtue

Group replacing may cost less than

of labour s~vings, volume di~counts

on materials or for oth~r resourc~.This group replacement policy is

applicable where the ite", cost is 101>'and labour cost in high. To

develop an equation for the cOQtof maintaining a syatem aa a

function of the control variable t, the number of period in "roup

replacements let U5 a5SumeK(t) a5 the total cost frorn time of group
,

installtition until the end of t period". If the entire group is
I

replaced at intervals of length t periods, then

K( t),
Further more, let

" average cost per period of time

C, unit cost 0' replacement io " "roup
C, , unit cost 0' individual replacement after failure

f(x) , number oi failures io '"0 , '" period

" , number "' units '" '", grnup
Then, the total cnst K(t) '.'ill be' given by

K{t) " f(x) (4.5)

in which NC
1
is the cost of replacing the bulbs as a grnup, and



,-,
C Z Hx) is the cost of replacing the individual failures at the

2 ""I'
end of each t_1 periods before the group is again replaced. There-

fore, the cost per period is given by

K( t), (4.6)

The above scheme of ascertaining of group replacement cost "'a/O

proposed by Churchman (11). A similar method was errived at from

a different approach as proposed by Jardine (9 ). This ",ill be

presented l"ter.

GrOUT!Replacement of Items Subject to Failure

When the equipment replacement is required by the failure of

the original unit or units having negligible salvage value the

proble~ is one of determining whether it should be replaced indivi-

dually or in group. 'the development of group replacement model needs

to determine the optimal interval between group replacements for

minimi~ing the total expected cost pGr unit time. The model developed

for this problem is based on the assumption

i) the replacement policy is to perform group replacement5

at fixed interval of time

ii) with failure repl~cements occuring as necessary



The following scheme was dev(>loped by Jardine;

Let, , o. Ch. cost 0' replacing 00. item '" group replacement,
" o. Che failure replacement cost

f{ t) 0, Ch. probabili ty density function 0' Ch.
failure time 0' itcms

II be the total number of items in the group

'Thepolicy is illustrDted below

Group replacement
Failure replacement

~J_j ,
[0 -----1",f-.- One cycle .

,
The total "'''pected replacement cost per ,nnit time for group

replacement at time t is given by the relation,

Total expected coot in internil (O,t,)c( t ) " ---~---------~~~
p Interv"l l"n£th

Cost nf group replacement+
at time tp

Expected cost of failure
raplacem~nts in that interval

Interval l~ngth

Thus, c{ \) "
NC + NH( t ), ,

"



Egn. (4.5) is used for group r"lacernent problem relating

rePla~ement interval tp to total cost.

To compare the model for det~rmining optimal interval between

preventive replacement" of equipment subject to breakdown with the

aforesaid model Jardine (9) developed" model assuming the perfor-

manc" 1of preventive replacements at constant intervals.

Tne total expected cost per unit tirr,~ for preventive replace",,,nt

at timc, tp' :LIS

~'otal expected cost in interval (0,

Length of interval

, )

"

Thus,

Cost of pI'eventive replacement + Expected
cost of failure replacements

Length of interval

= Cost of n failure replacement

U(t
p
) '" Ex!,ected llu".,her of failure in interval (D,

C
p

= Co~t of preventive replacement

(4.8)

, ),



Preventive replacement

Failure replacement

One cycle

This ic the model relating replacement interval to tntal

cost, C( t ).,
The model for group replacement policy and that of service

replacement policy have b~en discussed after Ackoff & Sa5ieni,

Jnrdine, Fobricky and Churchman. In contrast of the above

models the cnmputationol procedure of Sasieni, Yacpan &

Fried~an has now been sUTImariscd for genernl interest.

Compotation~l Prncedure for Age Replace~ent

Sa"ieni, Yaspan and Friedman presented" procedure for

computing the economic life nf a machine that a~sumes the

purchase of only a single item. '!'he present v"loe of failure

costs expressed as

"P{n) " A + /.
i,,1 ,

.~here, X " 1

(4.9)
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1+.;; PROPOSED METHODOLOGY

Assuming the distribution pattern as Weibull family of

distributions the different parameters namely shape parameter,

acale puraneter & location parameter have been calculated. The

probability density function for failure times and cumulative density

function for the individual ward of the city are fo,md out. The

mean life and standard deviation are also determined. The probability

of new bulbs that fail in successive weeks arc computed. The nu~ber

of replacement due to failure in successive weeks, under a policy of

service replncem",nt can be co"'puted. 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

Nt_1 - "t
p(t) e (4.12)

",
where,

p( t) e Probability " f"ilure during ,", time period t

, e "" iui tial number " units '" ", group,
", e ,,. number " survivors through time ,
, e Th, number " survivors th:r::bughti",e ,-,,-,

The probability that a bulb having survived to an age t_1, will

fail during the interval t_1 to t can be calculated from

p (t) '", (4.13)
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The survival probability may be calculated from

p (t), (4.14)

to infinity of

'!'he assumptions taken to find the number of replacer.\ent per period

are as follow,,:

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

b) If failed items arc replaced, the replaced items will
eventually fail and must be replaced. These will also
fail end re~uirc replacement, thus giving rise to the
replacement of the replaced.

-To compute the C05t of individual replacement, the limit n tending

f and assuming that lir.\itwhich is equal to I, the,
surv~vers f from the inserted f replacements for a long time BrC

just replaced.

Then {1 _ p )r fmrvivors from insertions at time t previously;
. ,

P ,_ P,)f survivors from time
"0 ,--_.-

ago; (, -

3t ago, and so on. BeeauBs the survivors must total N, tbe number

i, CO, system,

'0 i [, • (, Po)+(1 - ,- P1)+(1 - ,- ',- 1'2)+ ...]
0 0

0 ifp + P, • " •• 0

• " • " •
+ P2 +...--

. 1
= f[Po.•2P1+3P2 + ---J ( 4.15)



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

failures in the interval Kt to {K+1)t occur at time (K+1)t.

The equation (4.15) is the all important equation based on which

the proposed method of replacement policy has been developed. The

eqn. (4.15) composed of three elements such a~ N, f and (Po' P1,

P2, ••••. , Pn). This equation when rearranged gives,

(4.16)

The ratio fiN at any specified period, tn' gives an indication of

50me degree of 'measure of performance' of the system and it seems

quite logical to as,:mme. Thus in the prEsent work, the level of

performance is measured by u~ing the following equation:

,
1 - [,-I,, "

The numerical values o~ the term (Po' P1, P2, •••• ,

( 4.17)

P ) could be
"

calculated from the cumulative Weibull di"tribution function,

~'(t)given by '''luation(4.2). Since the performance level depends

on the value5 of (Po' P1, P2, ••• , Pn) a "irnulation procedure wa~

ndopted using the Weibull function. The time period, t, could be

simulated by varying the number of service trips of replace~ent

per week Nt • The original Weibull function was developed for norm"l,
replacement policy of 7 trips per week ( i.e. one trip per day).



Thus the time period, t, is aOBuBedto be of week. Thia time period,

t, could be varied by varying Nt by using the following elCpression,
p

t = 7/N
"

(4.18)

Thus for the exist~ng policy, for

present study Nt has been varied
p

Nt = 7, t becomes 1 week.
p

from 2 to 20.

In the

Cost of Replacement for Various Performancc Level

The averagc cost per period t, for individual replacement

could be known from the following expression,

",
C(t) 0

(4.19)
Averagc Life

where, C(t) 0 Average cost/period ,
, 0 '" at replacement

C, 0 Cost 0' replacing •• individual item.

But much benefit can not be derived from eqn.(4.19), when the total

cost of replacement per year is to be determined at uny specific

level of performance. Thus a cost e,!uation is developed and

presented below.



Let, N be the total number of items in the system

N
1
, N2, N3, N!;-, be the number of items in z;OneS 1, 2,

3, and !;- respectively

C be the annu"l co"t

FC be the fuel cost
MC be the maintenance cost

" " ,", cost '" trip

" ' " ' " ' " 0, ,", trip cost '0' zones " , ", , 3 4 3, and 4 respectively

DT be the total milage covered during the year

DO,be the total road milage for the city lighting

,0 'L:Fr;(. + J:H% (4.20)y, -, Yr
Annual Cost

Average cost per !Lile 0

'futal milage covered during ,", year,
0 (4.21)
",

Trip cost, Cr o --"

"
(4.22)

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

the ci~y could be estimated by using e~uotion (4.22). The immediate

problem develops when one has to e"timate the trip cost for a

specific zone, say zone 1 conBistins of N1 light_bulbs. This is

practie~lly very difficult to ascertain the line_length in miles of

the zone. Thus to re&olve thi" proble"".,and in order to esti;r,atethe

eost of one trip of the zone a fair-b"sis of apportionment h"s been
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used as follows:

For N number of light bulbs in the system,

Bsgiven by eqn.(4.21)

For N1 number of light bulbs in zone 1, trip cost
would be proportional such as,

Sinilarly costs of single trips for other zonea could be estimated.

The replace~ent policy of the light bulbs has definite influ-

ence on the performance level 56 defined in equation (4.17) and

also on the cost of replacement. The perforwance eqn.{4.17) indicates

that when f is decreased that is number of failures io deere sed

PR would increasB. This would be achieved by making morS replace-

ments in a period. Thus number of trips per week would require to

be increased. This would increaRB cost of replacement. These

hypotheses are depictod diagrammitically b~lo~.

•



Level of pHformollce, 'f.

o

•>•~

NumbH of trips pH week

53



CHAPTER 5
".

DATA COLLF,CTION A~D ANALYSIS

In the preceeding chapter statistical models and procedures

have been developed for the replacement of street li~ht bulbs.

These mooels are now developed using actual data obtained

from the Corporation. In the present ch"pter, the inherent

problems of data collection have been identified. ~ne models

were established by developing computer programmes in FORTRAN-

IV language in an IBM 370/115 computer.

5.1 DATA COLLECTION AND ASSOCIATED PROBLEMS

Procedure for data collection should be such that the

desired accuracy could be derived with loss of information

kept at the lowest. At the same time there must be a clear

under6tunding of the objectives and the requirements.

T~e raw data comeS primarily from the following sources:

(i) Copies of standard operational maintenance or ~upply
,

forms as u~ed by the system opcrativeb

(ii) Special data forms .originated by the study group for a

5pecific rcquirement for a specific period

(iii) Direct data generation by .instrumentation measurement,

experil'lentation etc ••

The basic means of collecLing data are the study of

procedures, manual evaluation of forms and interviewing of

departmental representatives. The departmental employees can



provide u5eful informlltion in most CaseS. These objectives

and requirements of each system are clearly and concisely

stated in a procedures ~anual.

The data sources as mentioned above could now be

catagorised into two broad classifi~ations namely, generation

of primary data and collection of data in Becondary form.

In the pre5ent study data have been collected from the

field records as ~aintained .by the supervisors. These files

maintain records of failure statistics of Btreet light bulb".

The d;;t" recorded by him if; of the first generation type

'~here only the first hand records are put in the 'log book'.

The process of data collection could be depicted in "-

figure below:

Posted
aB it is

Co:npilation

'"'Classification

'"'Raw Da~
1) 0"

'"' 2nd
Generation Gener;;tion

Screening, Checking
of Mim::ingData

Coding

~
Classification
Updating,
Storing in
maGnetic tape

3c'
Generatinn



Thu~ it could be observed that data could be available in

any of these gereration levels as mentioned ,~bove such as

(i) First generation (ii) Second gen~ration and (iii) Third

generation.

In th~ first generation the raw dat" are posted in files

as obt,~ined froIT the field. The file is however continuously

Updated. This data could be arranged "~'lu~ntially, when the

data are compiled according to requirement, also they are

scrutinized, clas~ified etc. to 50ITe degree and transferred

to a per~anent record file. These could be designuted as

Second ~eneration dab,. Recent develop",ents in computer tech-

nology have ITade possible to "tore massive quantity of d~ta

economically, cheaply ~"d conveniently. In this generation

thc data are screened and missing data are checked. Here input

data could be cod~d which makes it pus sible for ea~y searching

and retrieval.

Probl~m of data collection in developins countri~s

The problems encountered in data collection in a develop-

ing cou~try could be mentioned as follows:

(i) The source of d"ta is available in its raw form, unproc_

essed and uncompiled. In most caseS these arc available

in first generation form with few exceptions of second

generation. Proper data storage system is absent and

filins o~ data is processed very un~iscly and unscienti_
fically.
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(ii) It is difficult ta retrieve d"ta from these :records

at the right time.
(iii) The records are kept unscientifically and not properly

maintained. ThuD misoing dOlt" is not uncommon.

(iv) Relevant data could not be available at riGht time

and nccd~ to be extr~cted from a large volume of

disorganised documents, log book "'''' ledGors, etc.

(v) Documentation Centre and Dat" i'roccu;ing Centre "re

seldomly found. Data Organisation and Data Managenent

"re the blO vitally import[lllt activities in data

handling. In most C~$es theso are ~b3ent. Thus

collection of data become extremely difficult.

The fact occa~ionally confronted by rCReurchcr is that

the desired data are not available and th~t rellable data

c~nnot be obtuincd becau50 relevant records have not been kept.

DATA COLLECTION FOR THE PRESENT STUDY

The failure hi5tory has been collected d~ywi$c for a

full year and then tubulated ~~~kwise. Blank fQrmu were

dcQigned for the present ~Grk. Sample of one pUTticular month's

data for a particular ward i~ given below (table 5u).



Table 5a Sample data. for a ward.

For the month of January 1982
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Ward Total No. Tot"l "0. of "0. of bulbs replaced

"0. of bulbs Bulbs replaced M week 2nd week 3rd week "" week

, 489 93 30 " " "'

The entire data collection proccss could be devided

into three parta. The first part which is already accomplished

"bove. In the second part of the data collection, the cost

figures were obtained from variou6 sources of the Municipal

Corporation namely, Electrical Division, Maintenance

Division, Transport Sections etc. The cost of light bulb".

maintenance and repair costs of vehicles u5ed for the element".

Tne fixed costs and storing cost of the mat~rials were not

considered. The item cost is eotimated to be Taka 72.00 at

1982 price.

The maintenance and repuir costs of vehicle" were

eollected from the ::lechanical ,'orkshop, situated at Aga

Sadek Road, Dhnka. Fuel and Lubricating costs are supplied

by the transport "ection of the Shmeauthority. All the

costs are found Ollt vehicle_ wise for the whole yeur;

are sho',1n in table 5b.

these



Table 5b Fucl and Maintenance CDGt6 of vehicles

For the year 1922 (January-Dc~amber)
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Description Fuel Consumption Fuel Cost Maint. & Repair Total Voillagc

of Vehicle" (Gallons) ( Taka) Cost in 'raka covered

Hydraulic
Ladder 4688 1448 41,583.40 34,830.00 28375

" 4689 1395 i,O,145.4S 8,150.00 19324

" 11690 1693 ~9,375.87 1,290.00 25023

" 4691 1561 45,;.;46.35 - 22644

" 4692 1015 31,06?.15 1,290.00 15150

" 1203 "9 7,880.44 80,41J+.OO 2988

" '313 '" 6,966.73 100,466.00 2523

Truck 4000 98' 31,507.13 370.00 16573

" 2374 350 8,512.00 2,991.00 5697

Jeep 2753 735 20,621.65 16,802.00 13520

" 5350 874 25,100.71 - 17415

Total" 10523 3,08,101.91 246,615.00 1692)2



In the third part actual failure characteristics of

light bulh5 were invcstigated. For this purpose a tesl_line

was sele~ted. Thi5 test_line was located close to the University

csmpus (near BakGhiBazar Area). There were ten light pointe

on the line. The line was under continuous monitor so that any

replaccm~nt of a light bulb was rccorded. In addition both the

dates, of installation of n light bulb and its date of replace-

ment Were racorded, so that actual life of thc lighl bulb

could be aseertained. The monitoring !;nd data colleetion On

the test_linG Were done for a period of 6 (six) months. The

field data of the test-line ia given below:

Table 5.1 Field data for ten tube light" in a test line

,

Bulb Dale of Date of 1st Calculated Date of 2nd Calculated

Point Indolla lion replacement life, days replaeement life, days

, 09.03.83 27.03.83 " 12.09.83 ';8
, 09.03.83 11.06.83 9', Contd. -
3 09.03.83 05.05.83 " 10.09.83 m
4 09.03.83 30.03.83 '" 01.08.83 123

5 09.03.83 02.07.83 ""5 Cantd. -
6 09.03.83 2!+.07.83 137 Contd. -

7 09.03.83 02.08.83 '"' Contd. -
8 09.03.83 28.05.83 70 06.08.83 69

9 09.03.83 11.04.83 " 10.09.83 150

w ()9.03.83 27.04.83 48 12.07.83 "



From the above data it is observed that the actual life

of a bulb is widely varied. The bulb at point No. 1 was alive

for 18 days only which was fallen in the stormy and inclement

weather period of the year. In the same point the second

replacement took 168 daJ"s. The "verage life of the bulbs in

the test-line was 91 dnys which is aignific~ntly higher than

that found for the total system. From the findings of the above

test line it may be concl'lded th"t unplanned and mismanaeed

replacement process is prev~iling.

The fluctuations of the lives of the

in figure beloh':

bulbs'

1ST REPLACEMENT

2ND REPLACEMENT

'"0
><a '00
z
w 150c
~

WO

"
,
0 , 5 , 9

FIG. 5 a

--->.- NUMBER OF BULB POINTS

FLUCTUATIONS OF LIVES OF THE BULBS IN TEST LINE



5.2 ANALYSIS OF DATA

ThE data WErEcompilEd and organized and transferred In

computer coding sheets. These were organised ward'dise for

each week. The use of these data for thc various models

discussed in the preceeding chapter are nowpresented.

Failure characteristics of light bulb"

~he ward_wise failure characteri~tic~ of light bulbs

have been determined. This is accomplished by using data of

ihe 'failures' and the _'susp~nsions' of lif';ht bulbs for each

'dard. Toe failure characteristic~ could nowbe determined as

follow" From the figure given below ihe probability of

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

explained.

f{ t)

I Probability
di~tribution curve



Th~ probability of failure of a lieht bulb between time

t1 ~nd t2 could bo ascertained from this figu~e. This is given

by th~ shaded aroa under the curve ~hich is defined by a-

function, itt), called the probability density function.

Cumulative probability, F(t)

by usual integration of p.d.f.

where FCt2- t1: t) is obtained

r(t), within limits t1 and t2•

Thi5 is equiyal~nt to the shaded area und~r the curve. The

p.d.f. was asoumed to be "-Weibull function. The scheme of

transforming the Loilure data to W"ibull probabilities is

given by

Probability of failure,

Where,

FR "
FO

FO+SO

FO " No. of bulbs failed in a spe~ific week

so = No. of bulbB in BUBpen5ion (active)

Computer solution of determinine tho Weibull probability

function is no~ presented.

5.2.1 DATA SPECIFICATIONS, COMPUTER PROGRAM

The input data for finding the expected nu~ber of failur~s

are as follows:
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(il Number of class intervals for which raw

data "., taken

(ii) Number ., wards

(iii) Number .,failures ,.each cia»"

(iv) Number ., suspeno10no; ,. e;;lch class

'rhe input form for this ca,;c is shO'dnin table 5.2.

Table 5.2 INPUT FORMS FOR WEIBULL ANALYSIS

Proble", Name :

Class Interval

Number of Glas5 :

Failure and Suspension Frequencies :

Class

,
,
3

4

Failures

...

Suspensions

Mention ha~ been made thrrt a least square n~thod hac been

used to establish the Weibull paraffictcT5. Thus a computer
program, specifications of which are given belo~
developed in FORTRAK IV Inngunge.

h"" been



Prorramme Parameter Specifications

SUBROUTINE

SUBROUTINE ZKrr.

FUNCTION YY

B

c

a subprogramme for Weibull analysis
and prints ••hape, scale and location
parameters,- failure prob"bilities,
cu~ulative distribution functiona,
failure characteristics, and all;o
calculates hazard rates, reliability
probabilities, and the truncated mean
life for each class interval.

a subprogra~me which analyses raW data
to Sive a cumulative deniity functi-
on (c.d.f.)

a function Bubprogramme which evaluates
the gamma function.

reprcsents th~ numerical number of
the individual ward.

represents the shape parameter of the
fitted Weibull distribution.

an array containing the ~uspcnsion
and failure items of zones.

an array representing the Weibull
c.d.f.

a constant t~rm of the least squares
equation used for the estimation of
Weibull paral1eterG.



CUPER

F

nIT

a cu~ulative hazard rate calculated
from tho basis of raW data.

representfl a correlation coefficient
when fitting a.least squares equation
for finding the l4eibull parameters.

an array storing truncated mean lives
for various class intervals.

an array storing c.d.f's calculated
on the basis of raw data.

an array containing the value a of the
urgurncnts of the exponential function
in thc calculation of RF.

represents the scale paramet~r of
the fitted Weibull distribution.

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

an array givin& the average of thc
survivals at the bcgining and the
survivals at the end of each class
ir.tp.rval.

the m~an of the failure time
distrinution (\I~ibull)

an array containing failurc frequen-
cic0 for each class interval.
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SB, SE

TEl-:P

.'lX, SXS-:j:, SXY

SY, SY5-1

I, II, IJ, IN, J, JI,
JJ, K, KI, KJ, KK, KM,
L, LI, LJ, L1, M
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r~pr~sents the number of zones.

represent the number of survival
at the begining ~nd the end of
each class interval, respectively.

denotes the etandard deviation of
th(' fitted Weibull distrib"tion.

represents the derivati~e of H.

nn nrray containing the suspension
frequcncie~ for each class of
inlerval.

a dW'::lYvariable used in the function
subprogramme 11.

a dum"y va,-iable used in the
subroutine ZK4•

an array storing the valu~~ of the
lrIeibullfailure rates for each class
interval.

represent thc tran~fo,.rneddat" in
the. least sC,,,aresanalysis.

variables which enable the summation
of X & Y in th~ leaGt squares analy~is_

loop index v~riahlc~.



••

Output Specific~lians

The output from the PROGRAMcontains:

(i) A print out of the input duta ~s a check

including a tabulated sum~ary.

(ii) A hazard analysis in tubul~r form based on

raw data.

(iii) The '<leibull distribution Fn.rameters.

(iv) Cu~ulative failure density function.

(v) Probability density function for f5ilure times.

(vi) The rene'.:",l an"ly"is bused on the fitted ',Ieibull

distribution which contains survival probahility,

truncated mean life and cumulative renewals for

each cluss intervals.

The li5ting of the program is given in Appendix I.
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5.2.2 OUTPUT AND RESULTS

The computer output for a particular ward haa be~n shown

in page No. 102, 103 & 104 und cousolidAted reGult6 of all the

wards are also giv~n (Table 5.3).

Th~ Weibull para~etGrG namely ahape, scale and location,

mean life and 6tandard deviation have b~en calculated ward_wise.

The formulae used for mean life and standard deviation are

Standard ~
Deviation, 0 =ljlQ<1 .• ~) - {r{1 "+l}2]

for the probability analysis bascd on raW data.

The garr.mafunction is evaluated from the following for~ula

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

accurate result of gammafunction.

The failure chnracteri~tics and statistics of the

different wards were determined by INPUTing4D s~ts of data.

For comparison purpose of the failure pattern", the parameters

are "u•.,marioeo in table 5.3. It is found that the shape

para".•eters of ward No.6. 13. 20 & 25 urs very ~lJ\all thU6 the

distribution could be explained as hyper exponential in nature

measuring that no efficient replacement method is in

operation. So",c of the wards, such ,,5 ward 110.4,5,8,9,10,11,



14,18,22,24,26,28,29,3°,31,32,33,34,37,39 with the values of

thG shape parameter close to unity, the di"tribution patterns Gould

be explained aa exponentiol. But ward No. 23,27,35 and 38
have their a -v",lues more than unity.

The free failure time (y) ia zero, thus the two-parameter
Weibull distribution used. The mean lifo varies from 12.02 to

88.77 and standard deviation ranGe~ fro~ 15.38 to 69.88 with

the exception of two exceptional words with very 10.' e -values.

~\ost of the B - \'al"e.~are found "pproxin'"tely close to 1 indi-

eatinG exponential diGtribution.

From the above di~cus"ion, it has become clearer that the

two Goncepts of repl,~cement such "a (i) Replacement policy for

each division and (ii) Hepl~cement policy for each ward could

not be of any uoe to the management. Firstly, fOT division_wise

replsce~ent various ~ards &re grouped with di5similar failure

patterns, thus a single replacement policy would not be effective.

Secondly, for word-wise replacement, forty vDrious replacerr.ent

policies could re~uir", to be.adopted. Thi" is not a pr"-ctical

proposition. Thus the existing 'division' and '.'srd' concepts

.Of replacement aTp not acceptable. Accordingly a new' zone'

concept as introduced in chapter 4 i~ noW developed in the

following article.



Table 5.3

C~aracteri6tic6 and statistics of wnrds

liard No. m N S " N 0

, 344 ,,' 0.57 7.47 12.02 22.43

2 '7' 489 0.89 26.44 28.08 31.75

3 792 795 0.88 50.08 53.YI 60.66

4 6~4 '441 1.02 31•27 31.02 ;;0.41

5 790 470 1.02 2? .87 27.60 26.93, 806 no 0.20 10.£Z 1375.95 22282.98

7 955 824 0.91 40.86 42.68 46.82

8 711 , 596 1.00 38.44 38.46 38.4;;

9 1\65 "3 1.02 25.56 25.31 24.68

W 236z 4200 0.95 86.7ll 88.77 93.96

" 245 "6 0.95 20.46 20.90 21.91

" 697 360 1.06 Z4.23 23.65 22.21

n '79 " 0.41 7.20 22.66 68.85

,4 488 328 0.95 31.54 32.23 33.79

" 550 396 0.91 ;;4.53 Yi.16 39.8?

" 972 690 1.05 32.44 31•81 30.Z4

" 394 282 0.88 33.0? 3'5.23 40.19

N8 608 493 C.94 }7.13 38.25 1'0.7')

" 613 399 1.05 28.83 28.24 26.78

79 490 '39 O.}O 1>.15 1'0.11 221.26
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Table 5.3 (continued:)

Ward ". m , S " " 0

" 68' ;;65 1.05 16.49 16.17 15.38

" 7'6 405 0.86 26.06 28.18 32.91

" 1000 6" 1.19 26.73 25.19 21.17

'" 538 383 0.94 33.20 34,13 36.26

" 1244 385 0.22 '( .89 462.39 5546.93

,6 277Jt 3505 0.93 63.21 &5.25 96.88

" 3007 38/+8 1 • 12 57.59 55.32 48.58.
28 9'3 997 1.00 53.01 53.14 53.37

" 1216 9'3 1.02 .36.38 36.06 35.26

30 1178 997 0.93 42.18 43.72 47.21

3' 1132 1298 0.94 59.44 61.22 65.27

" 1151 696 0.97 29.35 29.78 30.77

33 986 590 0.94 28.11 28.97 30.91

34 1314 795 0.84 26.29 28.76 34,26

35 1184 1282 1.1) 49.43 47.25 41.70

36 1414 1126 0.73 36.91 45.09 63.05

" 1262 78< 0.1\4 29.19 32.09 38.56

33 1096 1044 1.20 41.73 39.25 32.77

39 1504 763 0.92 22.94 23.86 25.44

'" 685 539 1.03 40.18 }9.77 38.73
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5.3 ESTABLISHMENT OF ZONES FOR THE LIGHTING SYSTEM OF THE CITY

Mention has been made that the whole lishting system of

the Dhnka city is under the jurisdiction of two electri~al

divisions under the Corporution. These two divisions were

crented on the basis of administrative point of vie'~. The

logical approach ohould be to divine the division on the basis

of Qimilarity of failure patterns rather than administrative

case. Thus some bhsis and criteria Were ~OuEht for the propos-

ed new division(s). There are statistic!,l ",ethod" "uch a"

Di"criminant Analysis Method "nd Cluster Analy"is )-;ethod for

th~ purpose ar.d th""e methods 'dould perr.ap" be appropriate in

the curren~ application. Unfortunately, no computer library

p,~ckDge"er" uv"ilable tlO the authlOr from any "ouree, thereby

the author hus to re"ort to the follo~ing heuristic approach.

The Wei\lUll parameters buch ,"" sh"pe and seale ~ere con"id"red

to be the important and influential I'ara"",eters '.'hich control

the pattern "nd shape of the Weibull curve. Thus, the zonin<;

prlOeess 'd"S aceo",pliched ba.~ed on these parameter.5.

Confid•.ncc intervals of shape parameter

Confidence intervalo on the ~hapc "ar~meter, e must be

evaluated "inee decisions IT.aybe hnsed upon thiG value. Figure

5b e~ve3 fac~or::; Fe ae;ainet "ar.le size n

.S - confidence level" (99,;;, 9'5%, 90%) on S,

for different
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,
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The upper and 10'.'cr ,- confidence Ibi ts "r e then- -,L" " 6 F, ,," " " Fe
'.>'hieh i, rearranGed '" ,", f",rm

,

It halObeen observed that the 13ha" an expected value of 1.0

considering the forty warn" togEther, expluining that failure

,)robahility disLribution is neg,~tive cx:onnential. The factor

~ for ( n=40 and PR ~ 90j ) was found from fig_ 511 to be 1.18;

thus the confidence intervale nre

0.84<6 <1.18

From the "bove intervnl limits, the "'"rds could l" classified

into three main groups "s follo.'5:

i) Wards with S _values nre Ie 55 than 0.84

ii) \lards wilh S -value" beh/cen 0.84 "nd 1.18

iii) ,,'ardG '.i th S _vnlues hisher than 1.18

But group (ii) is further broken into folJo~inG t~o Vroup3 nS

bulk of w,~rdG f"Il under' his E>roup.

,,) '!lords I<ith S _volues betl<een 0.1\4 und 1.0

and 0) Wurd" Idth e -value,> beh'een 1.0 unc 1.18

Thus the four s,-our" er:-,orgcdure give" belo",



COMPUTER OUTPUT AND RESULTS FOR THE ZONES

The oriGinal dah, b"nk for ]<'0, SO for the wards 'dere used

for the program as developed in art. 5.2.1. But the program

has Glightly boen modified t"i]()!"ed to the requirement of the

zoneG. This n-.odification was n<,ce&sary GOthD.t it could

generate a tiet of ne'~ at'rays FO,and SO for the incii'lidual

i) The program will search for tho rel"v,~nt wards

of the zone in th~ master file.

ii) The FOand SO arrays for the "'"rd" found in (i)

above "ere cumulated ar.d new aTrays of FO and SO

.'ere generated for the zoneS.

Tbe output from tbe computer faT one 'Ouchzone, fOT

eXD.mple,io civen-in pD.ge" 79,f!0,81 and consolidated output

are sho',1llin table 5.5.

Table 5.5
Derived Weibull parameters for failure

distribution zonewise

Zone ,
" , 0

, 0.88 20.80 21..13 2;;.12

n 0.91 1+4.89 46.97 51.G8

m 1.04 41.;;;; 40.84 39.14

" 1.18 35.15 _73.21 28.18
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Group I S , c.84

Group II 0.8 ,13<1.0-
Group III , .0 • e , 1.18

-
Group H S , 1.18

Tn" h'ard-',;ise di5tribution of the obove flYOUPS termed as

zone t. zone II, "one III and zone IV ara ,;hown in table 5.4.

Table ;;.4 VARIOUS WARDS FALLING UNDER THE ZONES

Zone B _ value \\'"ras

I Less than 0.84 •• 6. '3. ;>0 • 25, 36

'. 3. 7. 'C. ". '5. 16, '7. .8.
II 0.84 " , .0

22, 21, , e6. )0, 31,32,33.34.37,39

4. 5. 8. 7. ". , 4. 09. co. 27,
III , .0 '0 1,-;8 ,7. '9. 35, 40

" Groater than 1.18 23 • 38
•

The other factor namely "cule parameter, n was not considered

since suitable ~ethod WUS not available to find the confidence

limits for this parameter.
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It is observed that the value of "hape pa.rameter of the

II'cibull function for the Zones ranges fro", 0.88 to 1.18. '.rhe~_

value for zone_1 i" the ",inil':um(6'" .88) ",hieh indicates that

the bulbs in this zone have ~ailed earlier before they could attain

their avoraCe lives. So thi,; zone should be critic"lly looked

into for the possible C'lUt>eSof thoGe eBrly failur"s and thareby

"t~ps should be taken to alleviate this situntion. In the other

zones the fuilurc distributions would approximate to negative

exponential thus the failure behaviours in terms of failure

times are random.

For the improver.wnt of the situation "teps m"y be t"ken to

<cnsure that supply of quality materinls required for the "yste", in

terms of .~tarter[], chokes, lieht bulb[] etc. i" to. be ",,,intained.

This ",ill also require ~hat optimu~ quantity of the materials are

to be available at risht ti",e and properly kept in ,,'"ore.

5.4 DEVELOPMENT OF CHARACTERISTIC GllRVES

It .1aS the objective Df i.he present I'Jork to establi"h a

relation betw~<cnannual eD[]t of replacement (variable costs)

anQ percentage level of performance ~nd hence fre~uency ef

service trips per peried (",eek) was ascertained. The replaee_

I'lent policy ",ould thaD be, deter",in",tion of tbe numbcr of

service trips per w<cekthreuGheut the year for a desired level

Df pcrform~nce. This could be "chieved by generatins character_



istic curve'" such as:

i) Annual coat of replacement va. percentage lev~l of

performance

ii) Percentage level of performance vs. frequency of

sorvice trips per week.

Referrin~ to the model earlier dis~ussed in order to

calculate the various parameters 8u~h a5 average failures,

total f"ilures per year and varioa5 service periods (by simu-

lation) nre introduced in the scheme of the computer prosram

The prohabili ty of failure for a puriod, t, has been

determined by u5ing

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

be calculated as

F( t) "" -e + 1.0 .......

U&ing equation (5.1) probability for any time period, T,

could be r"und out as peT)

peT) " F(T) _ F(T _ 1)
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Average life in weeks of the items haG been calculated as,

T=n
SX = 2:: P(T).'f

T~1

'.here, n = No. of weeko of the year.

The aver"ce failures FX could be calculated from

x
=SX

where, X Number of bulb points.

FX ~ Average number of failures.

The level of performance, P?, WaS then found out using

PR" ~s"100

'.here, F.3 = X - FX

............ (5.2)

The tot"l number .of failurEs in e. year could be e"ti;nated

using eqn. 4.3 in chapter 4.

Finally thc cost of replacement per year '",c calculated by

using the following cost c~~ntion.

Cost of repl[lcement/yr'

CR : Tol~l No. of failures x item CQ3t +
llo. of tripsjyr :x cost/trip x No. of "deeks ••. (;:;.3)



The average co>;t per mile, C, could be calculated by

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

..............(5.4)CT,,,,CxD.
»

where, D, = Total road milage for zone i.
>

zone i,

Trip costs have been calculnted for each zona using the

equations (11.21) and (5.4). The ealcuL"tion of the trip cost

for zone_I has been sho"n belo", for example.

'Phe basic data ~re ohtained as

Item Value

Total road mila;;;e, , 450 mile"0
Total number 0; bulb points, " 32916

Nunber of bulbs i, zone-I, N 2080,
Annual Fu~l cost, " TI<. 3,16,101.90

Annual ~1aint~nance cost, " "'. 2,1+6,615.00

Total milage covered (Annual) , " 1G9232 miles

where, D
1
= estimated milagc for ~one_I

D1 i" e5timatcd CIS follows:

D = 1t50 x 2080
1 32916

= 28.1t36 miles

Fe + Me
D,

= 316101.90 + 246615.00
1692}2

= ).325 Tk/f1ile



Thus, trip cost for zone-I,

", 0 ,>D,

0 3.325 ,28.1136

0 94.5497

0 94.55 Taka.

Si~ilarly for the other zones trip costs Were calcul~ted

a" shown below:

•
Zone Total No. of bulb points Trip cost (Tk.)

, 2080 94.55
n 18137 821,.47

m 11045 502.04

'" 1654 75.19

• All costs are at 1982 priceD.

86

DATA SPECIFICATIONS, COMPUTER PROGRAM

The input data for performance and cost analY6is for

each zone contains:

i) Number of zones in the syste~

ii) Number of wards for each zone

iii) Number of estimated trips for finding the cost of

replncement per yeur nnd performance

iv) Cost of individual item

v) Trip cost for each zone
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vi) The Wei bull distribution parameters for each zoue

vii) Number of bulbs in each zone.

Program Parameter Specifications

BETA represents shape parameter fitted to

Wei bull distribution

COST1 denotes cost of item bulbs

GOSTZ indicatesthe cost of one trip to find
the cost of. replacement Fer year

denotes the level of performance, %
represents average life in weeks
represents the period or replacement
th~ number of trips per week
a dUf.'.myvariable used for finding the
cost of r~pls~ement

represents average survivals
represents average failure
denotes number of bulb points in the 7-one.

reprcoents number of weeks per year.

the number of zones,

F

ETA re~re5ent5scaleparameterfitted to
Wei bull distribution
represents the probability of failure
durin£ period

the total nu~ber of fails per year

'"
'"
PF

"T
TCP

'"

The mat.he:naticalhieuri.~tic procedure developed earlier

was th~n converted to a computer progr~m in FORTRAN IV

langua~e. The format specificutions for inputs hav~ been given

in free format.
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OUTPUT SPECIFICATIONS

The output of thia program contains:

i) A print out of the input trips "nd weibull parameters

DIone with the total number of point6 for each zone.

ii) Tnbulated re5ults ba5ed on the fitted lI'eibull

di",tribution and input data co,!taining period of

:replacement, tot"l numb",,, of failures per year,

percentage level of performance and cost of replacement

per year ~OT each given trips.

The computer progrum has been listed in A~pendix II

The cost of replacement per year and percentage level of

performance for diff~rent "tratcF;ies of replacements in -terr.-.s

of number of replacement trips per week have been calculated

using the equations (5.2) and (5.3). n,e re6ults of these

values for each ?one are, tabulated in table 5.6. Then

charactcriQtic curves of C05t of Buch r~placement VB. percentage

level of performance for the zones have been plotted as shown

in Fie;ures 5.1,5.2,5.3 & 5.4 and percentae;e level of

performance vs.numbcr of trips per week have been Flotted in

Figs. 5.5, 5.6, 5.7 & 5.8. It is found that the cost of

replacement inGreases very rapidly when the level of performa-

nce exceeds 98%. The level of performance increasc" rapidly

whcn the number of service trips increases beyond 10 trips

per week.



Table 5.6 Cost of replacement per year VB.percentage level

of performance for various zones and various

frequency of service replacement

Trips/ Type of Number "' Zones
week result I II HI "

pp 84.90 92.57 91.55 89.77
2.00

" 310520.19 1400822.00 872369.00 147986.50

PR 91.06 95.68 95.09 94.02
3.50

" 344895.69 1553289.00 970181.94 164748.00

" 93.65 96.95 96.53 95.77
5.00

" 353862.9JI 1611359.00 1004976.38 169976.38

" 94.68 97.46 97.10 96.46
G.oo

" 361832.06 1661329.00 1035949.63 174868.31

" 95.42 97.81 97.51 96.96
7.00

" 368837.88 1708360.00 1064987.00 179400.31

" 95.98 98.09 97.82 97.34
8.00

" 369389.00 1728870.00 1076059.00 180640.13

" 96.77 98.47 98.25 97.86
10.00

" 382228.31 1820775.00 1132788.00 189440.74

" 97.30 98.72 98.54 98.21
12.00

" 393825.13 190841f6.00 1186695.00 197719.06

" 97.68 98.90 98.75 98.47
14.00

" 404709.56 1993700.00 1238982.00 205697.69

" 98.37 99.23 99.12 98.92
20.00

" 432833.75 2232209.00 1384203.00 227486.88
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CHAPTER 6
CONCLUSION AND RECOMMENDATIONS FOR FU'lURE It/ORK

6.1 CONCLUSION

The objective of the present work was to apply the

Operations Research technique in replacement of light bulbs

of Dhaka city. E~isting lighting system of the Corporation

has been studied and the various weaknesses of the system

identified. To remove the defects of the system and thus to

evolve a better system the techniques of Operations Research

and Statistics have been employed. With the present policy,

the management has no control 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.

Moreover, the management could not ascertain the level of

cost involvement for each unit increase of the performance.

Thus to overcome these inherent problems analytical methods

have been used with the past one year's data for the

existing lighting area comprising of forty' warda' in two

Divisions. The failure patterns of these ~ards were known

~hen a theoretical failure distribution such as Weibull

distribution w~s fitted. Analysing and comparing the Weibull

parameters of theee distributions - it was obserbed that some

~ards COuld be grouped togcther aa thcy indicated similar

failure patterns. Thus the replacement policy would be /jA1lC

for the wards and from man~gement point of view it would be
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useful to combine these wards nnd create a z~ne. On the basi5

of this argument, the entire lighting '>yete", was devided into

four ZoneS.

Th~ pure service replacement policy hOB been proposed for

each zone. ~eibul1 probability function has been used to find

total failures for the year, and the long run average number

of fails. This ~ould be achieved by varying the service

replacement policy in terms of Bervice trips per week. Thus

for any particular service replacement policy when the long

run average fails per period waG known, the percentage

surviVals were calculated. This percentage survivals ~as

designated as performance level of the system. Thus for

various policies of replacements, percentage levels of

performance of the system were calculated. Relationship

between this percentage levels of performance and service

replacement policy has been shown in figs 5.5. 5.6, 5.7, &

5.8 in chapter 5.

The annual cost of replacement relates nonlinearly with

percentage level of performance. These are shown in figs 5.1,

5.2, 5.3 & 5.4 for the four zones. From the cost equation

mentioned in chapter 5, it i" found that total cost hus two

compon~nts (i) item r-ost and (ii) total trip costa. The

individual item cost and the trip costs components of the

cost e~ustion are linear but the number of average failure(f)

per year varies non-linearly ,<'ithperformance. Thus tbe cost



curve" become nonline"r "ith l,erformance.

The management nOW Can use this approach as a 'tool' for

decision making in terms of formulating replacement Jlolicy of

the "ystem. It can "et any cut_off point in terms of the

perceni<'ge level of performance; accordingly, the cost of

replacement per year could be ascertained when the fixed cost

i" added. 00 the other hand the total cost of replacement per

ycar could be known (at 1982 price level) adopting a policy

for replacement of light bulbs at a predetermined performance

level. Due to inflation or any other reason the cost parameters

~ay changa in which case new sets of characteristic curVee

ccul~ be generated by the computer package alre~dy developed.

6.2 SCOPE AND RECOMMENDATIONS FOR FUTURE \lORK

The scope of f"t"re work are given as fol10w5'-

(i) There have been advances towards computerised data

processing. Th"s striking results and better management

decisions arc pou~ible through this computer application,

In this respect data storing and record koeping should

be computer based. Fut"re work may be directed in

e~ploring the fe~sibility of installing mini-computers

for the corporation.

(ii) Numerical Ta~onomy (Clustcr analysis) is a powerful tool

so also the discrimin~nt analysis. A project should be
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carried out to invcotignte possible alternatives in redesigning

the "ystem in terms of zones u"ing those methods. Thus for each

Zone appropriate replacement policies could be uoed.

(iii) The model" devoolopcd in the present work are baccd On data

obtnined from a sin~le SOUrce. In addition the ti~c scale of the
project has moant that these model" could not be exhau:;tively

tested. Tho author is very much aWare that a statistical model

of the type need" Illore datil.. Thus any future Hor), should consider

this aspect.

(iv) In tho present l-Iork only the exisline system of fcilures of light

bulb" (o.s it opernto,;) hSli been considered '.dthout considering

the reason" behind their failures. '.rhis >laS rather •.lclih"ratc

bcc"use of the time conotraint and scope of the present l,'ork. It

could now be strc0sed upon th~t a separate study m~y be maue in

thi5 cont~xt. Thus procedures should be developed to control the

system and thU5 00 improve its operation; in this re~ard a detai-

l~d system study ~ay be ~ude on all the co~ponents of the sy~tcm

especially th" critic"l componcntc such as the cho;'c", starters,

f""e" etc. und ulso the environment"l fuctors and conditions

l"hich affect the system. It may b" mentioned that factorc such <>.s

weather conditions, seasonality effects etc. arc the f~wimportant

factors >rhich fall under thi" eo.Le[iory. There exi£ts sa",e 'invi"i_

ble' f"etors from Hithin the ore"nization \lhich ulso need eonsidc-

ration as thc;,' Gir;nificantly affect the "ystem operation. These

are artificial but need deliberato control.
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APPENDIX _ I
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Computer Programme to determine the relationship b"tween

annual cost of r<'placelT.ent and level of performallce
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