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It s propes ed to _pr"el's‘ent a summary of ;the present work
and gi ve a‘“rarief resumé of the impoftant findings in this
chapter, At the end of.%his chapt er some guidelines are -
suggest ed for the future _stludr es* A discussion about utr Irty
of the present st udy for nationalised road transport undertakings

is also taken up.

Inchapter | it was noted that the problems dealt with
in the theory of repl acenent can be cl aSsi fied in’ce two
'_(_:_\et'egori es, viz., i) determnistic or ii) stocha_sticlr.. The
"tluz"h_eory of replacenent can be made applicable to men as vel|l as
rrachr nery t hough conparatively |arger nunber of applications

are for durable equipments,

The avereness of the systenatic approach to the
replaccment pr obl ens and its importance is Seen to be
~ comperrstively nore in U.S. and U.K. than that in Inaia.
As far as the systenatic study of the problem ef repl acenent
of vehicles bel onging to a fleet (f vehi cl es is concerned,
the C.I.R.T. has made a'begi'nni ng by conducting a workshop
on 'Bus Replacement! in July 1978, which was at the i nst ance
of the Associatien of Sate Road Transpor;t'Under‘takin'gs,
Few Delhi. The pr obl em of replacement of vehi cl es falls
in the cat egory 1 vizi replacement of itens that
deterrorate wth tine. As far as the second category |
Vi Z.'_ ’replacemen‘t of itens that fail suddenly' I's concerned

“the vehi cl e-repI acenent pr obl em had no bear i ng wth its
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- A review of the historical background of the theory of
'.:r.epl acenent reveal s that its origin can be traced in the
paper s Ty Tayl or and Hotelling published in 1923. But it
was in 1949'that Terborgh made a break-through in t he t heory
of repI acenent and corrparatrvely in last 30 years i.e
Cafter 1949, si gnrflcant work has been published in this field

" as conpared to the earlier period of 26 years—i.e.

preT‘er__bo_r_ghiari period. A categorization of different

repl acerrent model s was nade and five broad categories V\e're'
identified. Landrrark replacement nModel s ver e revi eved from
'different aspects such as, use of different ma‘bhema‘t:r.cal/
statlstlcaJ/operatlons research techniques, category,

vari abl es/ pararret ers used, assurrptrons rrade ete, A

present atron of these nodel S ina tabulor form gi ves an
overal | vr ew of these nodel s* It V\as not ed that vari ous _'
aut hors have used drfferent names for certar n common basic
varrabI es representrng sIrghtIy dlfferent shades. But terms
ke |nfer|_ ority gradl ent, chaIIenger def ender, cost due to
machi ne stoppages' cost of Iost productlon tlrre etc. are
peculrar for t he theory of repI acerent aI one. Use of dynamc |
pr ogramn ng, sensrtrvrty anal ysrs conput er progrannnmg,

i scounted cash flow "cechnlque, ete, in the theory of =

repI acerrent shows that as and V\hen newtechnr ques |n

mat herratr cs/statistics/operations research were deveI oped

t hey V\ere advant ageousl y enpl oyed 1nthe theory of
replacement. Host of the replacenent nodel s were meant for
equi pments in general and very few nodel s were !problem

orienteat. Cf course this statement does not necessarily
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Cinply |ess Utillty'onithe part of theoretical models. Mos%

of the replacement models are Such that an exact eStlnation

of various paraneters ihvolved in these modele'is an essential'
factor for the effective use of themin real life situations.
EStination of various_paraneters natunmly requlres adeduate

-~ and relisble data. It'is noted that as far as the.problentof
replacement of vehi cl es belonging to the Iarge fl eet possessed
by the nati onal i sed road transport undertaklngs in Indla s :
_concerned anC|ty of adequate and reI|abIe dat a |s t he blggest
hurdle. Th|s belng an lnleldual's research progect no
controlled experiments generating thq_deS|red vol une of o

| data-set coul d be possibly conducted; SECondIy all the eX|st|ng
: replacenent nodel s are donlnated by nostly the econonlc | |
con3|derat|ons thrnlsatlon of profits or nlnlnlsatlon of
costs S mostly the obJectlve of t hese nodel s. CbnS|der|ng

t he problenton hand It was, therefore, not adV|S|bIe to

apply the eX|st|ng model s for the vehicle replacenent problem;

A separate review of the vehlcle repIacenent nodels Wwas

| taken keeping in V|en/the bearlng |t has wth the problem

on hand. The nperatlonal cost studies, lncorporated inthis
revi ew, revealed that the consunptlon of high-speed-diesel,

| ubrication oil and spare parts is a'fdnction of a large

nunber of'factors' The'utility of suoh'studles is 1dwited

- upto the |dent|f|cat|on of these factors. ' Certainfactors - -

such as exrstlng road condition and type of road surface,
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Iehgt hs of different 'sohedul'ed trips, quality of spare-parts
ete. are be'yon'dt'he control of any unaertaking. Secondly all
the vehi cl e replacement nodel s revi eV\ed earI | er require

esti nat es of dlfferent par anet ers used |n t he model; But
because vehi cl e-w se account i ng syst emis not foI | oned in

any of the natronalrsed road transport undertaklngs, there'

“was no likelihood of getting adequat e data whi ch V\ould emble

estimation of different parameters involved |n t he models‘
Thirdly all the existing vehicle-replacement n”Dd_eI_s were
~ doni nat ed by econom ¢ consi derations and soci al ebl'igati ons |
of operating a specified target of kms. per day to serve t he
travel ling publi cin rural area could not be incorporated
in these nodel S. -Th'e revi ew of these vehi cl e .replaceme.n?-f -_
studies reveal s that corrparatrvely nmore awar eness |s seen,
i N this par‘blcular type of qurable equi pnent, viz. vehicles
t han the dt_her machi nery such as | oconoti ves, | shi ps,
.textiIe rrachi nery, etc. However nOnavaiIabiIity'o-f.
veh1c1e-w1se dat a contmuos to be a hurdl e in the appllcatlol”S
of replacenent nodels in neaningful decr sions of
veh'_iole-x"epla'oe.me'nts'. L

In chapter |V the activity of reconditioning is
consi dereel from di fferent poi nts of views., A review of +the
mai nt enance practices occuring in the MS R.T.C. reveal s
that it is quite decentralised and well organised. Diffcrent

activities are entrusted at depot, division and central -
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wor kshop levels and all the levels are béing st rengt hened
during last several years. Fbmever_vehicle—wise accounting
i'snot done at any'ofthese levels. -Asnoted earlier, the
activity of recoﬁéitioning cah be vi ewed as akind or -
replacenent of dlfferent components mhenever necessary. Thé
need for reoondltlonlng Is quite obViouQ for the M.S.R.T.Ci
in partldular, or for any ne'tlonalieed rbad transport
Undertakihg inlIndia in genérala'*'Neﬁévailability of chassis
has been a head-ache for all the nat i onal i sed undertaklngs
since last 10 years or so. The eX|st|ng fleet could not ,
fherefore; be strengthened in an adequate neasure by t he
M.S.R.T.C. in the last decade. (onsequently the activity of
recondi ti oni ng mas'required to be decentralised fromt he
Central Workshop |l evel to the divisional heavy repairs units

si t uat ed at all divisional headquarters.ﬁ._

Inspite of the pressing need for the activity of
reconditioning a timéAlag'mas observed in'the act ua
i npl enent ati on of reeonditionfhg'conpared to the_prescribed
kil oneterages for the 1st to 4th recondi tionings. The sanple
study based on Aurangabad division's data reveal ed that the
del ays or deviations of the actual inplenmentation Qf the
pol i cy of reeonditioning fromthe plahhed ones are hqt
sizable as far as the fifst_and seeond reconditibnihgs are
concerned while for the later two reconditioni ngs t hey
were quite sizable, This fact inplies that the third and

fourth reconditionings required nore careful control
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fana:planning.eventhoﬁghwzhe benefits in terns of inprbved
K.P.T.L., K.2.L. and nonthly utilisations are not substantial.
But for an undertaking which is feced by an acute shortage

of vehicles eépecially i n peak seasons,availability-of every
addi tional kilonetre in.ite potential was inpottanthfront

" the pointjof extension of travelling Services to rura

areas. Different nethodS'SuggeSted for estinating the
“actual costs of reeonditionings_xeggtye vehi cl e-vi se data

on all the conponent s whi ch centribute to the total cost

of reconditionings. nce sUch preci se estinates are obtained
the cost-benefit anal ysi s Can_be done for the acttvity of
recondltlonlng. As far as the i.ttlprovement in K. PT Loy
K.P.L. and nont hl y utlllsatlons obt ai nabl e from reconditioned
vehicles is concerned, it is of varied intensity for the

st to 4th reoonditionings; Furthernore for any recondltlonlng,
wi th every i ncr ease in utlllsatlon by 50000 lms. ‘since
recondi t i oni ng the |nprovenents tend to decline. It was al SO
noticed that the activity of recondltlonlng does not bring

a vehicle on par with the new one, ThIS |nd|cates that |
excessi ve use of oId but serV|ceabIe parts be avoi ded

o) that probl ens of nisalignnent and of not getting opti'rmm_
petfornance can be eliminated., But that woul d increase the
cost of reconditioning. But if spareeparts are available
and the fuel'econony is to be giveh'nore weightage, tt S
worthwhi | e increasing the cost of'reeonditioning and_get

f uel eeonony and further inprovenents in the nonthly
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utilisations. Thi's suggestion is further substantiated by
the fact that the incidence of breakdowns can also be further

* mnimsed wth i nproved quality of reconditioning.,

In chapter Vit is stressed that while proposing a
vehicle—replaeement_ﬁDdel:for a nationalised road transport
under t aki ng the_replacenent of a vehicle be seen in conjunetion
wth the fleet-characteristics and the target set for that
fleet. Consideration of a vehicle in isolation fromthe
fleet, which has_been the conventional'epproach I S not
. vorthwhile. Consequent |y utilisation pattern of di f er ent

__conponehts of a fleet of vehi cl s w&s.firstly.estimated;
The average npnthly utilisation pef vehi cl e obtainable from
a new vehi cl e comes to be 10175.6360 kns. while t hat froma
vehicle belonging to the 85 to 9.00 |acks pro.kms. group
IS estimated fo be 3519.5590 kms. These estimates are the
averages for the peak, normal and slack seasons. These
estimates were tested in the light of 1976-77 data of the
M.S.R.T.CL fleet and the estinates were found to'be_agreeing
to the facts. An enpiri cal relationship'between\age expressed
in terns'of yeaks and t he age expressed in progressive kms. -
Was estimated on the basis of a sanple of vehicles, Thi s
can be used for predicting one given the other form of
information, Snilarly if the esfinated val ue and act ual
value Of age expressed in pro. kms. Of a certain vehicle

are differing significantly, it is an indicator of either
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o exoessa.ve utilisation or under u'tlllsatlon corrpar ed tO the
utilisation pattern prevalllng for the fleet t O mhlch the

vehlcle IS attached.

I n the subsequent sectlon anenents of vehlcles to the.
'hlgher age- groups are studled CNer a span of one year how
many vehi cl es go to the next higher age—greup is indicated
| by the ratios Ty whi ch are corrputed for dlfferent age- groups
on the basis of the M,S, R T, G. data _ In general, for the
year under consmeratlon, data of the preeeeding two years-
shoul d be anal ysed to get the val ues of r's and these r's
ocan be used as the esti mat es for the year under consi deration
so that the probabl e corrp03|t| on of the fleet at the end

of one year can be estinated beforehand.

An indi cat or_l for fleet-strength of any undertaking is
devel oped whi ch"i S a nore representative measure of the
fleet'—-st:rerig’ch'. The indicator, Z, is the pr oporti'on_ of
the actual vehicle-Kki ‘II onetres of service remaining in the
fleet to the vehicle~kilometres, a fleet would represent' if

“all the vehicles in it were new, For the conputation of Z
‘an estinmate of the 'expect ed life of a vehicle is required.
In the case of the M,S.R.T.C, data, it is taken to be 9 |acks
pro, kms. or equivalently 12,60 years. The utilisation
pattern, estinat ed earlier, is used and thus the rerrai. ni ng
life of the fl eet is calculated for a given age-distribution

of the __fleet'. For illustration purposes data of the
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M.,S. R 7. C. fleet for t he year 197%78 IS taken and the value
of z |s conputed A general pattern of the behaviour of Z,
the fleet strength 1nd10ator, N, the nunber of new vehicles
added to the fleet and S, the nunber of ol d vehicles scrapped
fromthe fleet is studied. For given W and for retaining
the current value of Z the minimmvalue of S is obtained.
Smlarly for retaining the sane 2, and for a given nininum
S mhat_nihinuntvqlue of N is reqU|red is also obtained. For
different sets of values of w and S tables indicating
the changes in the original value of Z are prepared. But
it is hoted that only the criterion of,rétaining or inproving
the fleetfstrength:is not sufficiént but one has to al so
t ake into.bonsideratiOn the set target fixed in terms bf
.the total kms:pto be performed ina glven year. The study
of fleet-para meters at depotlevel is taken Up subsequently
so that an idea as to hgyw Vehicles belonging to different
age-groups contribute to,fhe total opetating'cost of the
fleet is obtained. The M1.5,R,T.C. does not haVe.vehicle—wise
dat a of opérationai cost and earnings but depot is taken as a
unit. héturally the fleet-paraneters were required to bve
.studiéd at depot level onl y. For this purpose the depot-budgets
or performance reports-of t he depbts mhich.afe maintatm&iby
the M.,S.R.T.C, Were used. A case-étudy'of Aurangabad depot-
was taken up and the coefficients éssoctated with each age-
grdup Were estimated and analysed. The interpretation O

t hese coefficients_fdr different vari abl es such as
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effective kms., K'.'P;‘T’.-‘L'.i,‘-'KL'.*.P}L.,' expenditure ON spare-parts, |
expendi ture on labour chargeS} etc, gave an’idea of the
quantification oOf the contributions of vehicles bel onging to
the different age- groups in the total operatlonal cost of

t he fleet.

In the Iast sectlon of this chapter a need for a
di f ferent approach to tackle the problem of replacenent IS
stressed in view of the social obligations, any nati onal i sed
road transport undertalking has to meet. Multiple objectives'
are di scussed end the ptine goal of futﬂlling_the t ar get
of a specified number of ferns, is highlightéd;; In view of
this and the fact that vehi cl e-wi se accounting is not maintained
| by the'M;SZRLT;C;, a'vehicle—feplacement nmodel is propoSed.”

The salient features of this model are as fol | ovs:

1) I ndi vi dual vehicle is not cbhsidered.in i solation for

t aki ng the_decision about its repl acement but what proportion.
of a given fleet §e_sc?a.pped iS decided fi rst keeping in |
viem1the objective of the target for the total gross
_kilometres to be achi eved by t he undertaking in the cogdng
.years'a' Thus whether %o retain a given vehicle OF tO serap it
does not depend solely on the characterlstlcs of that vehicle
but It depends upon t he characterlstlcs of the fleet to mhlch -
the said vehicle belongs. In a hypothetlcal situation where
’che enti re fleet of vehlcles consisting of all tnewer!

vehlcles belmglng to ag C=gToups, Say, o~10r 1-2 lacks
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pro: kms, , requfred to neet a'target of séy T lacks tans.,
itis 1ike1y'that one nay take a decision to scrap-a vehjcle'
which has Conpleted,-say, 1,90, 000 kms. O t he ot her hand,
for a fleet consisting of predon nantly, ol der vehi cl es
required to nmeet a target of T kmse, It IS Ifkely that a
v@hiqle mhich has.conpleted'say, 9JquOO xms. nay be picked
up for scrapping.  Thus the decision of repl acing a.vehjcle
has to be taken_in conj uncti on mith.the fléet to which the

vehicle belongs.

2) It is seen that the target for the total gross knsé to be
obtai ned in the coming year can be net by three najor

conponents as given below,
T=n+e+ s

where T =target in lacks of ¥ms. to be achi eved.

n = contribution by the new vehicles added to t he

existing fleet fromtine to time.

e = contribution by the existihg vehicles in the

fleet at the starting of the year.

s = contribution by the old vehicles before they -

are scrapped.

As noted earlier, e forns the mgjor part of T (say70 to-
80 percent), n and s are to be adjuéted by selecting the

values of N and S in such away that the target is just

- achieved.
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The sequence of actions suggested in our nodel is such
that inthe light of the information about the nunber of
new vehi cl es actual ly available at the start of 'any nmont h,
- the deci sion about scrapping of vehicles i s taken subsequently.
so that the target is just achieved., The nodel is to bve
oper'at ed in stages, at each stage ia‘besst I nformati on about
| T and S bei ng made use of. it each st.age the fleet is

so maintained that the yearly target is just, attai nabl e.

As appendix-lx; a di scussion about the estimates of
salvage val ue that a vehicle can fetch i s presented. Appendix-B
presents a'pr oposed I\/hnagenént | nfornati on System (M.I_.'sl.')
whi ch when i npl emented can genérate a dat a- set .V\hi ch woul d
neke the decision-nmaking process of replacenent more
realistic and easy to operate.

'Upo'n consideration Of the facts that i) vehicle-wse
accounting i s not nai nt ai ned 1) pro'fit—making IS not the
prime goal of any nationalised road transport undertaking .
but iii) achievenent of a target in terns of given nunber of
kilonmetres is +o be' gi ven top priority, the present model is
proposed. Whatever information tha’t Is presently avail able
inthe records of the 1.5.R.T.C. has been made use of. As
an individual it was not possible to generate data-set and
propose a nodel, as such a nodel suitable for the existing
data is proposed. A new approach to consi der the fleet as
a whol e in preference to the consideration of a single vehicle

| _'_|n i sol ation for tackllng t he problem of replacenent is
‘suggested in this study. |
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As far as the utility of the present work to the
national i sed road transpOEt ‘undertakings such as the
M.S.R.D.C. is concerned, it can be briefly put in the
fol | ow ng words. |

The existing policies regarding reconditioning, maintenanc
practices, utilisations, etc. of vehicles have been systematiceily
studi ed and their rationality was examned. Suitable
suggestions are made whi ch when i npl enen.t ed can nake
repl acenent deci sions more rational. Different esti mat €es about
t he nont hl y vehicle utilisations, operatlonal cost paraneters,
etc. which are obtainea On the basis of a sanpl e of vehicles
inthe present work, can prove useful and further refinements
I n themcan be done by t'he Undertakings. The proposed M.I.S.,
which is a conprom se between two extrene accountlng met hods
can prove useful for the Undertakings in order to take nore
neani ngful  deci sfi'ons on replacenent problens. Smlarly for |
inportant spare-parts and major assenblies this t echni que can be
pr ogréssi vely exf ended whi ch woul d hel p inprove the inventory .
control also. If necessary estinates at depot levels are
~obtained, the proposed nodel can help an Under t aki ng in
achi evi ng t he desired tar get of a specified ﬁunber of

kilometres.

In the present study the problem of replacenent of

a vebicle is studied and consideration of spare-parts and
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important assemblies constituting a vehicle could not be
taken up.- OOntrolied experinents using the principles of
Desi gn of“Experiments and Fact or Analysis be conducted by
differenf undertaki ngs so thét_éxact quantificétion of

different factors in operational costs can be done.

If the proposed Managenent Information Systemis
i npl enented by any undertaking, it would generate quite
“usef ul data for arriving at rational'replacenent dééisionsﬁ
The present policy of the M.8.R.T, €. of procurring new
vehicles at the Central ffice IéveL be continued but the
deci si on about scrapping of a véhicfe be taken at
divisional level. Fixation of targets be done at depot |evel
and the conpilation of these figures.be merely done at’
hi gher levels.- If these policy inplications are effected,
the decision making process about the replacement of

vehicles can become easier and rational.:
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