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ABSTRACT

Cenment is literally the Cornerstone of today's
bui I ding and civil engineering industries throughout
the world. The demand for cenment in Ngeria far
exceeds the supply fromthe local industry. The | ocal
industry has a total installed capacity of 5.42
mllion tons per annum As at 1984, the total | ocal
cenment production is 3,010,000 tons (See Appendix 1.1)
as agai nst the annual demand of 7,000, 000 tons
(Busi ness Concord, 1987).

It is therefore inperative that all feasible
cost reduction neasures are used in running the
industry. This will inprove operations efficiency,
inprove its profitability and allow for further
re-investnent. This will bring about the necessary
expansion and growth in the industry to nmeet our
cenment requirement, which will result in sone savings

of our neagre foreign exchange earnings.

The Cenent Conpany of Northern N geria, Sokoto
was established by the fornmer Northern Region, in
partnership with a German firmin 1962. The conpany
started production in 1967. Since that tinme, the

conpany has been operating at a | oss. Business
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organisations that are not profitable need to be

studied in order to solve their problens.

This study is ained at exploring the
possi bilities of applying operations research
techni que (Pert Network analysis) in the kiln shut
dov/n mai nt enance practice of the conpany to reduce
its operation costs, It is hoped that, the study wll
assist GONN as wel|l as other cement conpanies in
the country in planning and scheduling of their

Kiln shut down naintenance practice at optinal cost.

The data for the study was collected fromthe
conpany' s nai nt enance and production records and
interviews w th conpany executives. A Pert Network
D agramwas drawn, the critical path and the nornal
cost associated wth the critical path was
determ ned. The cost inplication of crushing sone
activities within the critical path in relation to
pl ant downtinme costs was anal ysed. The opti num crew
size was al so determ ned; and suitable reconmrendations

nmade.



ix

Table of Contents

Title PABE essasssasevsstssscssscsacscenssacane

Dedication ..... tesseserennenanresnsan sesees “a

Declaration .seesecesssssscsassosscsnsosssnsenses
Certification ssecessversstsessssacsssssrssonaas
Acknowledgements ..eieeesesasonsssccnacsssasnns
ADSTract seesvcvennrsssoncasersssossnesnantannes
Table of Contents ,esescassasssssasssasssoasanass
List of TableS sveessesrsessansonasarsasesnscnca
List of FIlgUreS suisceevanrssnncsssssesesssasanse
Definition and Explanation of Terms e.cseaessee

CHAPTER ONE

General Introduction,

1.1 The Study siiesnessosssnsssscsssasnsase
1.2 Justification of the Study seeedecsass
1.3 ObJjective and Scope of the Study .ss.ss

Mk Statement of Hypothesis cevsisevsrevas

1.5 Limitations of the Study ,eeecscensses
1.6 Research MethodlOgY avecrcrsensasancocas

CHAPTER TWQO

The Company,.

2.1 Background Information of the Company ..
3

2,2 Organizational Arrangement .s..seceecseses

2.3 The Plant L L B BN B BN B BN K B NE B BN N EE BE B BN RN RN BN N BN B BE BB N A )

Page

ii
iii

iv

vii

ix

xiii
Xiv

xv

¥ TR — Y — N VR X

11
1



24341
2,362

24343

2436y

24305
24346
243.7
2.3.8
2.3.9
243,10

The Cement Mpking Process ssecscccscscsces

The Major Production Units and
their Furlctions @ 8 & 8 & & % 8 5 % 8 8 e " s s s s b e b g e

Crushing Plant, Sampling Station and
Stockpiling Equipment (Blending Hall) ...

Raw Material Reclaiming and
Gr‘inding Plant st s s s e s e ss s et ansrsaneasge

Raw Meal Transport and Homogenizing ....

Preheater and Kiln Plant .cececccccscecce
Cement Mill ceevecrcsccrocsscorccccccncns
The Packaging Plant and Storage 51108 «ae
Dedusting Systeém ceseseessocsccscecorenae

Condition of the Plant .ssecesssess s eesios

CHAFTER THREE

Literature Review.

3.1
3e141
3ete2
37,247
3.1.2.2
3.1.2.3
3.7.24
3.7.3

3.1k
3.145

Plant Maintenance ,.esvevevecsncenscsaares
What 1s Plant Maintenance? .esssecccsssces
Types of Maintenance SyStemS seecesssocee
Breakdown/Corrective Maintenance System..
Routine Running Maintenance .eevescsssess
Preventive Malnteénance ..icsessesessssoves
Planned Maintenance scecesscecsvevccscces

Importance and Characteristics
of Maintenance Sas s s en s s s Rsa R es e rean

The Scope of the Maintenance Function ..

Maintenance Objectives and PolicieS ,.ee

Page

1

16

17

17
18
18
19
19
20

20

21
23
2l
2l
25
26
26

28
30
31



%1

Page

A5 Choice of Plant Maintenance PoliCy eseee 32

System,
3.1.6.1 Breakdown Time Distribution se.secececees a3
Y152 Malntenanes Costs ,sessresssonveasvesess 33
3.1:6,3 Which Maintenance PoliCyYTiecseasosssssses 3
3.1.6.4 Which Maintenance Systeém eesesessscccss 35
3.2 Cperation Re8earch cccecenssevasoanessis 38
3.,2.,1 Pert Network Analysis and Pert Cost .,, 4O
32«2 Methods SEUdY awesgesrenevssesnvesyssse e
3:2:3 WOrK MegfureleHT .usseevsss sineeoesns e W1
B2t Pert in Maintenance Planning ..eccececese L2
3:20dke1 Whet 18 Pert cecesccasvoansnenetsrsas ses L3
3.244.2 Functions Performed DY PERT secccecacses Ly
3.2:00.3 Pert CoBE cisinicnnsassvmsion s hasoaenne s v L6
32l Construction of Pert NetWwork eeceesowssse W7
3.2.4,5 Analysie of the Network .« ieseceseesssas L9
3e2.446 Critical Path eeceesssccenssscocsanscese 51
3.3 Review of Related Researches ..eeseeessse 52
CHAFTER FQUR
Analysis and Interpretation of Data,
Iy Schedule of Activities and Network

DEBETBI o oninbim & w bl SRR & & b B« &5 59
Iy o2 Normal Labour Cost Associated

with the Net-Work Diagram .ceecescecesssss 67
b3 Crushing of Activities along the

Critical Path .ececcececairesscsconcncsves 70
o3 The Mew Path atter Crushing Activities

alonig the Critical Path seu s caaavescssaee (<

e3¢e2 Cost Due to Crushing of Activities
along t}]{" Criticzil [-‘qttl L B B R LR R B B B A 72



xii

h.3.3 Downtime Costs R N

L. Staff Utilization seecessssasencenain
L5 Annual Kiln Stoppages Data secececsee
Ly .6 Kiln Annual Production bLata cesaen
WaT Annual Production Maintenance

Cost of Plant Per ton of Clinker
ProduCEd @ & & & & & 8 B B BB R R R A AR

CHAPTER FIVE

Conclusions and Recommendations,

5.1 COnClusionsS sessecescscsvsssosssossasnnese
5.2 Recomm@tdations LR BU N I B BB B L I O O B BB

BibliOEraphy ceccecccesescecoccccecsencce

Appendices 8 PR E AR TSR RS R

Page

73
75
78
80

82

8L
88
92



xiii

LIST OF TABLES

Table Title Page
o Kiln Shut down Maintenance and Repairs
Activities and their sequence ,eevcececses 61
ha2 List of Activities and their Times
Computh in Hours e s s s s s st assssnsnsssnsss 65
.3 Mechanical Staff's Useful Time,Idle

Time and Idle Time as a % of Useful Time.. 75

L Mechanical Staff's Useful Time, Idle
Time and Idle Time as a % of Useful
Time after Redeployment to Assist
Production Workerf sscssesvenssssosssanass 77

S Summary of Annual Kiln Stoppages Data .... 79
L .6 Summary of Annual Kiln Production Data ... 82
L7 Annual Production Maintenance Cost of

Plant Per Ton of Clinker Produced seeeeee 813



Figure

3.1

3.2

3.3

3.4

3.5

L1

Xiv

LIST OF FIGURES

Title

The Loop of Systematic Action .eeeces
The Place of Operation Research

in Busgliness Decisions ssseesescsssseas
A Typical Fert Network Diagram
Showing ACTIVITIen seisevassinsvenens
A Typical Network Diagram Showing

A Dummy ACtiVity Lasssesnnssssas e

A Typical Pert Network Diagram Showing

Activities and their timeS..ceceeesee
Pert Network Diagram for Kiln
Shut Down Maintenance and Repairs

for October, 1986 ,.eseec0vecvacsssce

Page

v

39

L7

L8

50

6l



DEFINITIONS AND EXPALNATION OF TERJS

1. Cement

Cement in its variocus forms is produced for
different uses under different envircnmental
conditions, The main raw materials for cement
production are limestone (calcium carbonate - CaCoB)
and gypsum (calcium sulphate =- CaSOu » 2H,0}+ The
major components of cement are calcium, aluminites

and alumino ferrites,

2, Clinker

An intermediate product obtained after crushing,
burning and cocling the primary raw materials
(limestone) into fine powder and at a specified
temperature,

3, The Kiln Subsystem

This is the nerve centre of a cement factory,
It is within this unit, that the raw meal is heated
and clinker produced, As long as this sub-system of
the cement factory is working, the cement making
process can be said to be continuing. The shut-down
of the kiln can therefore be likened to the shut-down
of the factory. In most factories like CCNN Ltd, Sokoto,
the annual xiln shut down maintenance is synonymous
with the plant annual general maintenance when all
items of equipment are checked and repaired where

necessary.
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4o Slintering or sintering Temperature:

Ihis is the temperature (about 1566 °C) to which

the fiue limestone powder is heated to produce clinker,

5. lay i.eal
Uhe raw material ( about 75% calcium carbonate)
crushed (0 sizes of between 20mm to 60 mm fed into

the !:iln,

6. Fiddlrn ractor
i'his is uefined s the ratio of raw mezl fed

int: Gtle lkiln to the clinker produced,

7+ b laal, wuipuent downtime:

his is thue tiwe period when a plant/equipi .ent
for us o in a proauction process is not available
for pioduction due to breakdovmt or lack of raw
materials.

Ihese are costs associated with plant/e uirnent
dowiti v, These costs include profit Less due to
loss o production, costs irom the payment of idle
tie of operators and other staff associated with
the ailected eyuiprent; repair costs in the forn of
wa ws whid salaries of the repair crew as well as

L]
costl: . 1 spare parts used, etc,
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9. Slending
The mi.in of different grades of the primary

raw mater’als to (et the specific grade for processing

to raw megl,

10. Elant l.ain.enance
The wvnole range of work activities dealing

with formilating adequate and appropriate repair and

maintenance policy for all equipments ana plant ite.s

so as to ¢usure optimum plant performance at

optimum costs to the organisation., (Starr, 196l4).

11, Flant leliability

This deals with developing and d-signing plant
items who e pe. formance are consistent and as far

as pessilile fgzilure free,

12+ Calci.iolin, or bLecarbonation Temperature

Thiz 1s the temperature (about 90000) at which
the prim.ry rew material, calcium carbonate
(limestoiie, decompuses into calcium oxide (free lime)

and carbo: dioride.

13, Stockout Costs

These n1re costs incurred due to shortage of
stocks (suvcl: as finished products, raw materials,
spare parig,clc,) needed for effective running of
the plant, These costs incluie plant downtime and
start-up costs, cost incurred due to the loss of

consumer goodwill, etc,
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1. System
According to Starr (1964), A System can be

defined as a collection or conglomeration of
activities, functions or components that can be
bounded within the boundaries of the system and also

possess common interdependences,inter-relationships

and interactions.
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Chapter One

GENERAL INTRODUCTION

1.1 The Study

According to Carrol (1977), "Management of the
maintenance function has previded numerous opportunities
for cost savings." The complex equipments used in modern
production like the cement industry makes it essential
that a proper planning and scheduling of plant
maintenance be embarked upon by the industries. Steps
in upgrading the maintenance function include
scheduled preventive maintenance based on the expected
lifetimes of critical parts, use of cperaticons research
in the maintenance function to determine the optimal
composition and development of crews, ahd the use of
costly test equipment to keep an even-more costly

production equipment in working order.

The Cement Company of Northern Nigeria (CCNN)
started production in 1967 after the initial design
problems were rectified, Since that time to date, the
company has been operating at a loss. Business organisations
that are not profitable (private or public) need to be |

studied in order to solve their problems,

This project aims at studying and analysing the
activities involved in the annual general (Kiln shut-down)
maintenance practice of the CCNN with particular emphasis

on the Kiln production sub-system,



Operations research technique (PERT Network
analys.s) will be used to determine the optimum
tiwe within which the kiln shut-down maintenance
could be carried out; the optimal maintenance crew
size =and utilization as well as the optimal total

maintenance and repair costs,,

1.2 Justification of the Study

The CCNiW Ltd. Sokoto is a member of the Cement
Manu actuers association of lNigeria (CHalN). This
Association has a common forum, where all problems
related to the industry, and research findings are

discussed and exchanged among membersg.,

Lhe Cement industry is the backbone of the
construction industry. A viable construction
Industiry 1s a necessary pre-requisite for the
industrial development of any nation, A study of
this nature if successfully carried out therefore
will not only help the CCNN reduce their operations
costs i thus improve their profitability but also
other nembers in the cement manufactuers association
of Ilieria and by implication accelerate tue
industrial take-off of this country. A study of this

nature iz therefore worthwanile.



1.3 Cbjective and Scope of the Study

T'he CCHiv Ltd., Sokoto has been operating at a
loss since the start of its operations in 1967, The
study is aimed at finding ways of improving the
annual kiln shut-down maintenance practice of the
company through the application of operation
research (FERT let-work analysis). Thereby reducing

its operation costs and improve its viability.

The scope of the preoject will involve the
following:

1. Icentifying and analysing the various activities
involved in the annual kiln shut-down maintenance
practice of the company and establish their
1elationship.

2 D' aw a PERT network diagram, identify the
critical path and the critical activities.

3. Determine those activities within the critical
path whose times could be reduced and the
cosl implication in relation to plant dowvntime
costs of such a reduction to the company,., Thus
determining the optimal kiln shut-down maintgggggézé'

. . nalyse tue various data collected, such as the
xiln production figures, stoppases and percentage
of time utilization as Emll as maintenance
and repair costs, diesel and librucats, and kiln

0il consumptions per annum for production purposes.
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1. Statewent of Hypothesis

s stated earlier, good managenent of the
maintenance function has provided numerous
opportunities for cost savings in terms of plant
down tine costs., The CCNM Ltd. has been operating
at a loss during its twenty years of operations
whilz soule cewent companies in the couutry are
profitzble (See Appendix 1)« It can therefore, be
reasonzbly assumeda that, the problem of the company
is mostly unsystematic and diversifiable, that is,
it is cnused by factors unique to the compzny. One
of these factors, indeed the most importaut
factor is poor maintenance function. In other words,
the problem of the company is caused at least
partly, it not entirely by ineffective maintenance

practice, This study is based on that premise,

1.5 Limitations of the Study

(2) Due to the data collection methodology, the
accuracy of the final results obiained from
tie analysis will depend very much cn the degree
of accuracy and reliability of the personnel
who obtained and recorded most of the historical
data as well as on the accuracy of the
information collected'during personal interviews
cud discussions with top executives and the

saintenance staff of the company.



(b)

(c)

(d)

5

Only the 1986 kiln shut down maintenance

records were available. These cannot be said to
be a true representation of what always happens
during the kiln shut down annual maintenance

of the company.,

some documents and published information such

as direct Vs, overhead costs of manufacture,

and complete financial statements of the company
were not made available to the researcher. In

ti.e words of the Public relations Officer (FRO)

of the company,'they are classified documents,

not for public consumptions: The study therefore
has to be conducted within'company secrets!
constraints,

That,the routine preventive waintenance of all
iteus of plant and equipment are garried out
repularly as per instruction mannual of <These
equipuments,

For the purpose of historical veritification

of the results, it is assumed that wvariabilities
observed in the past data can also be expected

te occur in the future.

1.6 .lesearch Methodology:

obla’

andg &

¥
11 the data collected for tuls study are
ted throush personal interviews, observetion:

Ay of historical records. For exzmple the data

on 1906 kiln shut dow%mintenance schedule, kiln
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and
production figures and stoppaies/ maintenance crew
L

size were obtained through interviews with the
production manager, the Assistant Technical MHanager

as well as records kept in their departments.

The 1986 monthly salary and wages of staff of
the coupany, the 1982 to 1987 (six months)
and
maintenance / repair costs were obtained from the

records kept by the finance department,

The company background information was obtained
fron an interview with the General [lana er =and
records of briefs by previous management kept in

0
their archieves (courtesy[@he company's PRC).

Iufermation on the cement factory components or
sub-systeus and the cement making process was
obtained from observations (The researchier was
conducled round the whole plant), interviews with
the production manager, the assistant l'echnical
liana er, und the UNIDO Technical Assistant team

members 88 well as records kept by the company.

The data on kiln shut-down maintenance was
analys=d through the use of PERT network analysis
and k..l cost and the results compared with
computed plant downtime costs and other related
information, The rest of the data was analysed

usin; tables,
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To achieve the objective of the project, the
study is divided into five chapters, with chapter one
dealing with General introduction, Chapter two dealing
with background information of the CCNN, its
historical background, structure and functions,
Chapter three focuses attention on literature review,
plant maintenance, cperations research with
particular emphasis on PERT Net Work and PERT Cost
Analysis, and review of related researches. Chapter
four deals with the analysis and interpretation of
data while chapter five ends with conclusions and

recommendations,



Chapter Two

THis Culd LY

2.1 Suck round Informztion on the vompony

rhe Cement Compon, of Lortiern i erion (CUIL)
is citupted at halombaina, five kiloweuresy ..crlh-
.5t of Sokoto city, It was established in 1952 by
Li'e l'othern Itegion threush the Lorthern (deiion
1y vzloument Corporation (NRDU) now Hew pii crden

vevelopuent Company (HibC) in partpership uith

[5)

Gerwan Tirm, Ferrostall ..,G. of Escen,

Construction wor': on the rlant started in 1683
ond ~ng completrd in 1965, llowever, due to ‘he
initial design problems, vhich had te be roctiiied,
rroduction could not start until 1967, the plant vaes
oripinilly desighed ond constructed to wrndle et
corent, process webufacturing. Lut due to 1 nature
of the primary raw malerials and environ ent:l
conditions of the plant location, it heo o be
convrrted to a dry cewment procegs, The deosied
capacity was 100,000 tons of cewent ver mwnug, low=
ever, actual production up to 1970 wvas only 20,. of -
tuo Installed capecity.

In 197, the Doard of Directors coroission d
Ialocd dations Industrial bevelopment (r ciiisction
(U 2t ) to look ili.bo the problew.s of the co opnye In
its report, it higbli_htad four wajor probl:us tacing

tlie cempeny as:



1. loor financial structure,
2a Lack of enouzh spare parts and proper mgintenance,
= loor Technical rianagement.

i, Inadequate power supply.

. committee set up by the board that studied
the recort, recomuended a new capital structure,
resuscitation and expansion of the plant. In addition
Lize company should also accept the Technical
..solstaice proposal from UlILO. The report c¢I the
corriittee was accepted by the Board. afler o ceries
of neypotiations with the Federal Governnment, Technical
portiiers and the CUNN, a 60 million naira Euro-dollar
loan was secured for the resuscitation and exnansion
of ihe plant. A contract for the resuscitalion and
expansion of the plant was signed with a Geriwn
Jongortium in 1980, The resuscitation work -wog
completed in 1982, The expansion with a plan:cd
capacity of 500,000 tons per amnum was cowir letad in
1905 ond was commissioned b; the then hcad of state
l'ajor General lwuhamiadu bubhari in lay, 1985, T'he
‘echnical partuers were also appointed aus bamejiug
a_euts, The Teclhinicel Assistant Trust Fundgs a reement
uwith ULIDO was signed in Lajos on 14ti Janucay, 1987

L. e CClhliy ULILO and Federal linistry of Industries,

ihe Technical .assigtant agreervent with UILDO

nrovides for the deployment of UMILU experis in the
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vorious aspeets of the Cenent reamlacborivg; ovoering
L rpeoent, there nre sixteen nunber WILOC % o in
sz factory working side by sive with Lue 3 jorians
asd olbout M pore sve expected very soon, “he moin
suncvion of the troawm is to werk with the il erion
siaif, to identify loopholes in the opercotic s of the
Qdeont, v commend snd implement the rocowend d
soluiions. #nd above ©¢11, enzuve thab b, Lo eud of
tie conlruct periou 41982 sshiich is renecwa 1o U Lhe

tiseretion of the CCIN!y, cgpahle kiperionsg ore Troin

.3.

4

To .ndle the ruming of the factory vrolii b

'he oxmerghip -and comperition ot Liv  zbeme beldor:

ol the company his verled uver the yoarvs, loucver,
)

the present shar holders of the corpeny with their

oLl tive shareholdin_ are az folloaiss-

the Federal Gouvernuent of Lizerina 24528
The HHhe Ltd, 25008

IMe Jokoto state tio arnment 22375

the Lano Sbate Sov rmaent 105194
he L,dunc Stale Governooent B 4754
doprostall Adb. of ussen, Gerrvony P 5, 7

Total TO0
Ve Ueneral 1 gnsper's talef bto the onve
of Directors, 20th iinrch, 1287,

P
+

the staff stren th cf the Uil rose l1oi 210 in
1070 Lo 780 today, Tho b phdown of the phete

Hoe _.‘,‘.-;_“J t.o df'[-"rt ents igs-

e




M

sdwinistration 65

Jecurity/Cooks/Gardeners 86

i roduction 276
luarry L3
Laboratory 27

2._\."553::5.(3@1:

Hachanical 102
Jlectrical 72
reneral e}
Finance:

wccounts 17
Jtores 30
t rocurenent 14
sules 8
Totzal 780

Source: eneral FHonapger's brief to the Board of
Directors, 20th Harch, 1987,

2.2 Cr onizational Arrangeuent

Juo company trom 1962 to date has undergone
many or_:.nizational changes. In fact right now lIISLI,
in o cousultancy arrangement is appraising the
or_uul..tioin with a view of coming up with a

suil-ol2 organizational structure,

I resently, the company has a Board of Directors

with Len members includin. the chairmen, The chairman
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aud two olher members are appointed by the Federzl
Governent, The NNLC Ltd. and scokoto state jovernuent
appoints two members each, while Kano state goveri-
ment, ‘.oduna state government and the Technical

partn rs appoint a member each.

.fter a reorganization of the company in 1905
in preparation for the take over of the manaigenent
of the company fro: the mana,ing agents, a General
Lana _or was appointed., lle is assisted by two deputy
uencrel Lanagers, Technical «nd administration ' nd
commerce. !le is respongible to the Hoard for
the cay-to-day rumning of the affairs of the coiprny,
Directl; under the deputy General lanag<or Techitical

and
are two departuwents, the Techuical / Frouuction.
Jhile epuly General llana_er .administration wmd
Comnizrece iaus administration, Finance, Jales and
procurement departments.
Lhe technical hanager is responsible for tie
coordination end planning oif all the maintenunce

funciioss ana repairs activities of the plant,

5..

in ausigled by Agsistant Technical hans; er, The
lecimical .epartument is divided intu the ilecheniceol,
mleciriccl and ueneral services sections, tho
svcliow: aure headed by a Chief mechanical =n_ineer,

g

a culul clectrical idngineer znd Leneral services
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eng ineer respectively.

+The I roduction lianager is responsible for the
quarryin, of the primary raw materials, the actunl
produé¢tion process, quality control and packa_ ing of
the ceuwent product. <Tne department is divided into
quarryin, and crushing of raw materials, raw materials
blendiu, and grinding, kiln burning and clinker
handling, cement grinding, cement packaging and ‘
quzlity control s.ctions. The production mana cr is
agsis.ud by assistant broduction lanager 2ud hos
worlkin_ directly uncer him, the wuarry liana _er,

Froduction wngineer and Laboratory Chemist,

Fhie trocurement departaent is in char_e of
the ,u.cluse of spares and other raw materials

needcd fcr Lhe continous operations of the compony,

~'he Fersomiel lanager, whose activities is
oversce . by ihe cowpany oecretary is respoasible for
the eirloy ent and placement of personnel as well os
matters related to benefits tor the euployees’
welfare cnd training. In adaition, he is respongsible
_ . gardeners

for tiiz security, and cooks. He has working
unier him, a Fersouuel Officer, a Jecurity Officer

and .ccod of services (lebourers, cleaners, etc) to

assisl ¢inm i the performance of his duties,
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./ ‘IThe Financial Controller heads the finance
departuent, He is responsible for the procurenment
and dlsbursement of funds of tue company, The
depart:.ent is divided intc the Accounts and the
stores sections. He has under him the Chief Accountant
anu stores Ufficer each responsible for the accounts

and sitoures respectively,

/The Lales MHanager is in charpe of the sales

depart ¢nt, He is moinly concerned with implementing

in a sellers market, there is little or no marieting
that is done to sell tne company's product)., (Sce
appendizi co1 for the doigils of the Corporate

ur_snizational chart).

2,2 Lhe llant,

243¢1 :lie Cement kaking krocess:

coient is the basic requirement of mogt
congiimiction works ran_in, froi the mest haublpe
vill._ o nwgque to the sophisticated danz: znd brio es
in 2. creunw tie cities, 1t is used in the
cons . ruction of rain-water catchuent dawms, irri_cztion
charer 1 1°ndn, s, vast hydro-electricprojects, harbour
worls, i w towns development, airports uud road

net-"or" cocnstructions.

I'he ceuent manufacturing process can be divided
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into two broad cat-gories, the wet process and the
dry vrocess ce@ent manufactur ing. The two procesces
differ in the way the primary raw materials are
handled up to the calcinating stage. The details of
tue cewent making process vary widely. llo two

works are the sauwe and there may well be differences
within a single worxs as new kilns and their
associoied equipment are added to those already
exig.i._,. llowever, regardless of the variationg in

detnil, 211 methods of cement production involve the

> 1
sate Iu wental sta_es as follows:

1+ ‘hie primary raw materials zre reduced to fine
nzrticles, so that it can be mixed properly,.

Ce die raw materials are blended znd mixed to
| roduce a raw feed mix (raw meal) of uniforn
ci:emical commposition containing caciua curbeonote
(nbout 74e5.), silica, alumina, iron oxide ::d
otlier compowius in the required propoertions,

3. ihe plended raw meal is nheaited to tne point
viiere all moisturs is driven off as stcam or
vaser vapour,

e 1.c dried mix is heated to decarbonation or
celcinating tewperature of about 200%C, At
L:i.is temperature, the calciu. carbonute in the
mix iz dissociated into calcium oxide ({rze lime)

vidchh remains in ithe mix and carbon dioxxide which

1'Anomymous (1985), The West African Portland Cement
Company Limited Silver Jubilee Special publication, p.10,
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is driven off as gas.,

5. The mix is further heated to form calcium
silicates, aluminatcs and aluminc ferrites
wiich are tue principal components of yrey
ceent (Fortland cement). This process is
conpleted iu tne rotory kiln at a temperature
ol about 1500°C to produce Clinker,

C. [he Clinker is cooled to a temperature of
selween 60°C and 150°C for convenient handling.
he clinker may be sent directly to tno
_rinding mill or stockpiled,

Y Mo clinker after aadition of gypsium to
control the setting time of the finished product
iz _round to a specified finess.

8. ‘b finished product (cement) is stored in
cilos for a relatively short time before being
Iz _ed and despatched to the market,

2+3.2 The liajor Froduction Units und tieir Functiong

. Appendix
‘he CCllI factory (See 2.,2), has two

produclion lines, tue old resuscitated linz of 100,000
tons uf cement per annum installed capacity and Lhe
new added line with an 1RStalled capacity of .00,000 , tons
per munum, Due to the problgms of breakdowns of old

eqipurnts, the old line is hardly in use,
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e wijor production units of the two lincs
ang tlelr functious are busically the sawe., Sut below
is the description of the awin production uniis and
tueir funccions of the ‘new 1ine?.(See appendix 2,2)

for the flow diagram.

2+3e3 wrusting Plant, Sampling Station and

i

Stockpiling bguipment (olcuding: ilall)

Tue raw material is transported Lrow the quarry
tothie | lwary crusher by duwp trucks. Yhe priwary
crughcr, with a capuclty of 5b0 tous/hour,crushes
the waworicl inte pleces cf sizes between 20 - 60
e 0 erushed material 1g transported to the
blesdic_ hiall by a belt couveyor system. The blending
hall (uiziug beus) have two major functions namely,
prehomogenizing tae raw Raterlals and to provide
sufficient stock pile. The stora.e capacity of tue
gpilcs ig 18,000 tons. bBefore wixing, a sawpling
statiocii iz lcocated by the grushers which takes sauples
continuougly frow the wmaterizl gtream arriving from

the crusher to unsure raw materials quality.

2.2y Lay Méterial seclaiming
sk Grinding, Flant

The ruw materials are reclaimed frowm the
stockpiles und transported via a belt conveyor gystem

at « rote of 28C tons/hour to tie raw mill bins,

In e row will, the waterial is _round into fine

2'Anomymous General Manager's brief to the Board of
Directors., p.10

i
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powder and its moisture content reduced to below

1%« The product, raw meal is the intermediate product
that is fed into kiln after homogenizing in the
stlos. The nominal rated output of the raw mill is
150 tons/hour.

24345 Raw lieal Trangport and Homogenizing

The raw meal is trangported via air slides
and bucliet elevator into the homogenizing silos. The
silos have a useful capacity of 9,000 tons,
sufficient to last about 3 to 5 days at full kiln
production. The silos are aerated from the bottom
and the material is circulated by the rising air to
engure homogenity of the calcium carbonate content,
The calcium carbonate content should not vary by

more than + 0,25,

and _
2.3.6 I reheater kiln Plant

the fine homo_enized raw meal is fed via a
closing system to the suspended preheater which
utilized the hot waste gascs of the rotary kiln, As
the raw meal decends, it is h:ated to decarbonation
temperature of about 500°C as it enters the kiln,
At thls temperature, decarbonation takes }lace,

The mix)calcium oxiue, siligates and ferrites is

burnt to clinker at a temperature of about 1u50°c.
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From the kiln, the clinker enters the planetary

cooler tubes which are attached to and rotace

together with the kiln, The clinker iscooled to a
temperature of about 120°C and larger lumps are cru shed
to sizes below 30mm, It is then conveyed pneumatically
to Lhe open clinker storage system, The rated output of
the kiln is 1600 tons/day and the capacity of the
cliniier storage is 18,000 tons, The fiddle factor of

the kiln is about 1.6,

26 3. 7 Ceuwent I‘lill

The clinker frowm the storage system is transported
by I an conveyors and bucket elevators to the mill
feedin  bins. Gypsum, the second compouent of the
cement riuwary raw materials is fed via separate feeding
bin aind bucket elevator, The clinker and gypsum is
mixed In the ratic of about 954 and 5u respectively.
The mix,ground to a certain finess produces ceuwent,
The fini:hed product (cement) is transported by
air slides to tune cement pumps. The cement mill of
two compartwent has a rated capacity ef 52 tons/hour

per coumpartment,

2.3.0 The Facking Plant and Storage 3ilos

The cement is transporyed by cement pumps by
megns of compressed air into two cement silos via
pipelines, The cement silos have an averagze storage

capapity of about }600 tons each. The packing plant
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is accouniodated within the cement silos. wach silo
containg two packing lines with a capacity of

1000 buys per hour, irach of the silos is also
equipped "*™a bulk loading facility for loading

on to waitin@rueks for onward delivery tc the marlet,

2e3.2 Dedusting System

U5 control enviromcental pollution, all air
flou osos (kiln waste gas, raw mill air flows,
etcy) ithin the plant are dedusted. . For this purpose
scverol dust collection equipments have been inctalled.

The tuwo {ypes of dedusting system are:-

g slectrostatic preclipitator

2. +ir pulse filters,

Soth systems are capable of cleaning exhaust
zas up to a purity of 99.98%. This uweans that the
maximun dust content of the exhaust jases is below
120w;./mm3. This level of dust content conforms with

international standards,

2¢3¢10 Couaition of the Flant

The plant is generally in a satisfactory

conditicn, However, there is a lot of iu, rovement

. access )
(lii. roviding to lubrication points, bcorings
cove.u_e belt system rclltr% etc) to wake, if the }lant

is to vroduce gt a continous optimal level,
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Chapter Three

LITERATURE REVIEW

3.1 Plant Maintenance

Machines may be viewed as being made up of a
sequence of components each of which performs a
function., The number of individual mechanical and
electrical compecnents required to perform correctly in
sequence (series) is larger than one might think,

If any one of them fails to function correctly due
to either breakdown or faulty adjustment, the gystem
as a whole fails to function correctly. Thus, the
reliability of a plant (system Mepends upon the
number of components and their arrangement. (Buffa,

1973).

Since the time of James Watt and George
Stephenson, the complexity of macinery has grown at
a pace which is still accelerating. With the Advert
of the computer and advance control engineering, the
Technology of production process has leapt forward.
As a consequence of this, the capital cost of plant
and machinery has increased €NOTMOUSLY, making it
necessary to ensure the maximum effective utilization
of that plant. The pattern of development in the
capital intensive industries such as the cement

industries has therefore been,the increased us'eof two
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and three working shifts (CCNN dperates 3 x Y shifts

work schedule), and +this leaves little or no time

for essentlal repairs, lubrucation and regular

malntenance. Most work of this kind would previocusly
have been carried out while the machinery was shut
down during the evening or at weekends. With

continous operations becoming a necessity due to

increased awareness and improvement of the tastes of
the consumer, high demands on business to produce
higher quallty and higher volumes of goods and services
at a very fast rate, Some definate maintenance

strategy must be developed. According to Buffa (1973)

we can vlew this problem as one of maintaining the

reliability of the entire production system and this
could be done by:

1. Increasing the size of repair facilities and
crews so0 that average machine downtime is
reduced, because maintenance crews are less
likely to be bugy when a breakdown occurs.

? 2. Jtilizing preventive maintenance where practical

30 that critical parts are replaced before they

fail,

i 3. Providing for sSlack in the system at critical

stages so that we have parallel paths available,

This means excess capacity, so0 some machines

can be down without affecting the delay costs
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to any great degree,

L. Making individual components within a machine
or the machines within the system more reliable
through improvements in engineering deslign.

5. Decoupling successive stages of the production
system by inventories between operations. The
resuliing independence of cperations localizes
the efféct of a breakdoewn, so operations
preceeding and following the machine that is

down are less liekly to be affected,

The choice of which strategy/strategies tolbe
used depend on the circumstances the organization
finds itself in but ultimetely the objective of any
choice 1s that of reducing operations cost to a
minimum. According to (Mosgki, 1970), overwhelming
evidence in all industries points to the fact that,
a well conceived énd properly executed plant
maintenance programme results in minimum overall
maintenance costs and meximum return on the
investment in productive facilitles for any given

level of plant utilization,

3.1.1 What 1s Plant Malntenance?

Ag indicated earlier, Starr (1964) defined
Plant maintenance as the whole range of work activities

dealing with formulating adequate and appropriate
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repair and maintenance policy for all equipments and
plant items, s2 as to ensure optimum plant performance

at optimum costs to the organizationsg.

3.1.2 Types of Maintenance Systems

All maintenance systems can be grouped into four
categories depending on the degree of complexity of
the activities carried out, in carrying out the
maintenance function. All the systems are however
hizhly inter-related and usually one or more systems
are used in conjunction with each other by an
orgonization. The four maln categories are:-

Ve The Breakdown/corrective maintensnce system,
2e The Routine or Running malintenance system,
3., The Preventive maintenance system.

1« The planned maintenance system,

3.1.2.1 Breakdown/Corrective lNaintenance System

Breakdown maintenance is werk which is carried
out after a failure, while corrective maintenance is
work undertaken to restore a facility to an acceptable
standard., This is also referred to as repair
maintenance, it is usually applied in cases where
equipments can be allowed to run until they fail or

deteriorate before repairs are affected.
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Orgenization that practice only this system of
mainlenance eventhouch they may have made advance
provision in the forms of spares,materials and
equipment don't have any planned and organized
programmes for maintenance. Repairs are Just carried
out as they occur, This makes definite maintenance
policy difficult if not impossible. Rreakdown
maintenance 1is in the long-run not economical as the
only system t- be used by an organization. If mony
unanticlipated breskdowns occur a2t the same time
chaos could result. Finally, because breakdown
maintenance is usually carried out under emergency
conditions, the quality of the repairs may be very
low =nd the running times of machines before the

next breakdown will consequently be short,

3.1.2.2 Routine Rumning Maintenance

Routine or runhing maintenance is work which is
carried out while the facility (plent or machinery)
is in service. This system calls for constant
check~-up of plant items on a regular basis by
elther setting up a pattern to be followed regularly
during fixed time intervals sand/or by issuing
instructions to be followed on a maintenance curd
which can be used as a check 1ist. Routine
maintenance, usually carried out according to nlant

operations mannunl taling into consideration, local



operabions conditions is normially simple, economical

and highly effective in preventing fault development.

3.1.2.3 TFrentive Maintenance

This is work, that is directed at the
preventinn of failure of a facility (Plant ar machinery).
This is applied in situation where the average time
and cost of preventive maintenance is less than the
avera e time and cost for repair after breakdown; And
where high facility reliability is absolutely necessary,
That is,the fallure of such facility may lead to
disruptions of service and/or serious consenuences
for the crganizations. For instance forced

ventalation units in mines.

It is usually carried out by detecting Ari
replacing weak parts with new parts before they
breakdown, so as to ensure the reliability of the
equipment, For this reason, preventive maintenance

is inevitably associated with high maintenance costs,

3.1.2.4 rlanned NMaintenance

T™is is maintensnce which is organized -nd
carried out with ferethought, control and records,
According to Harding (1977), Flanned maintennnce
implies the examination of all means of repairing,
lubrication,servicing and overhauling of machinery

s2 that in the long run, the m:chinery has minimvem
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down time due to failure, Flanned maintenance will

inclule activities carried out when:-

(a) The machine is running, such as planned
Jubrication, certain gervicing and for minor
unplanned repairs;

(b) 'The machine is shut down for a planned service.

(¢) The machine is shut down for a pre-recogonized
breakdown.

(d) todifications t» the design of the machine is
done and/or is to be made in order to increase

its reliability,

Ain etfective planned maintenance system thecrefore
calls for elaborate and accurate preparations snd
data recording in order to have adequate feeback for
future actions. Dur to the attention and thorou-hness
in its dimplementation, failures in between service

times are usually minimal,

However, it should be noted that, for all
practical purposes, the maintenance systems dizcussed
above could be | rouped int»o two main categories, the
breakdown and/or planned maintensnce systems. Thus
for the purpose of this project, we will differentiate
all types of maintenance systems and policies a5 either
breakdewn or planned with the latterbeing the focal

point on which the project revolves,



28

3.17.3 Importance and Characteristics
of Mainltenance

If a machinery is run without maintenance
service, it will bregkdown sooner or later, and
continue to breakdown at closer intervals of time,
When a machine breaks down these costs occur:
machine down time costs and possible loss of
potential sales; idle direct and indirect labour,
delays in other processes that may depend for material

supply on the machine that is down, increased scraps,
customer dissatisfaction from possible delays in
deliveries and the actual cost of repairing the
machine (Buffa, 1973),Thus, proper maintenance of
plant items ensures a longer life, a high salvage
value for equipmentz but above all reduce if not
completely.eliminate costs associated with breakdowns,
This is a major contributing factor in the need to
maximise returns on capital especially in developing
economy where investment capital is usually very
hard and/or costly to procure, Effective plant
maintenance raises the question of the need to have
adequate stocks of required spare parts and the
right calibre of maintenance crew. This is,
especially important in an age when technological
changes are very rapid and an equipment can easily

be made obsolent through careless decisions and lack
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of effective maintenance planning. A good

strategy of prevention of breakdowns demands that,
l“"}“"1‘“”"’51 failure occurs, then reasons for that
failure must be examined and determined; {vatuatﬁu]
the characteristics of every unit of equipment,
particularly its critical points of weakeness, to
determine what preventive maintenance steps are
necessary to prolong its life; and recruiting,

selecting and maintaining a good crop of workforce

such as electricians, machinists, fitters, etc,

The maintenance function usually has a
constrasting objective with those of production
activities, While the latter aims for a continous,
higher volume of production, better quality of
products and possibly scrap reduction, the former
on the other hand tries to identify faults and device
means of rectifying the faults, prevent their
occurance to the bearest minimum within the shortest
time possible, Thus, 4n a production oriented
industry, the idea is always to keep production
going at minimal interference from the maintenance
department, This calls for effective maintenance
prozgrammes, Effective maintenance programm brings
about such intangible benefits like safety, better

house keeping better reliability of delivery through
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more accurate scheduling, and a higher quality of
product, Maintenance service should therefore not

just be considered as a'necessary evil' which consumes
a sizeable portion of the organization budget but as
an important activity which deserves serious attention

from top management,

3.1} The Scope of the Maintenance Function

The maintenance function extends beyond machinery
and equipments maintenance to include factory
maintenance as well, This includes buildings, grounds,
factory services such as power plents, heating and
ventilating systems, plumbing system and general
house keeping. For a piece of equipment,
maintenance activities and functions include
manufacture and fabrication of parts, lubrication
and oiling of the equipment, planning and scheduling
workloads by making planned and shut-down plant
overhauls, It alsc include preventive and corrective
measures,that is, detecting and correcting possible
failure before they occur; breakdown repairs etc,

For the purpese of this project the maintenance
function service will be limited to 'procegs!
maintenance which involves carrying out maintenance
work such as breakdown and planned preventive
maintenance services on different equipments and of

machinery within the CCNN,
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3.,1.5 Maintenance Cbjectives and Folicies

Specific objectives of a planned maintenence
system varies from organisation to another and is
very much dependent on the type of business that
a firm is engaged in, For example the specific
objectives of maintenance service required by a
hotel business is customer satisfaction. This is
different from those required by other enterprises
like a chemical industry, a hospital etc. In general,
however, the ultimate objectives of a planned
maintenance service is "maximum avagilability of
facilities for 'production' activities," These are
usually spelt out in the form of cost and
cperational objectives, A consensus ghould therefore
be reached between management and the maintenance
department by clearly defining expected results and
the ways and means through which these results could
be achieved within the context of the overall

business needs and goals (PRIEL, 197l4).

Should the facilities be repaired and
maintaineﬁ regularly on a scheduled basis or should
we wait for equipment and facilities failure? The
answer is of course dictated by the characteristics
of the facilities and the relevant costs. Thus the
maintenance policies of a firm are not only dependent

on the nature of the business but more on the specific
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conditions prevailing in the firm - such as gize

of the enterprise, va\riabil11:)rm“t length of machine
running times, availability - and cost of spares, etc.
as well as,on the personal concepts and views of
policy makers, These conditions have a direct

bearing on important factors like the allocation

of the workload in the firm, the need for constant
check - up of plant items, maintenance budget,

etc, To have an effective maintenance policy
therefore, needs the integration of the maintenance
policy with the overall policies of the organisations,
such as those dealing with production, marketing,
finance, personnel, etc, This is important because

a balance needs to be struck between operational
objectives such as those dealing with the performance
and appearance of equipments and cost objectives
which may require the maintenance crew to operate
within a limited budgeted expenditure,

3.1.6 Choice of a Flant
Maintenance Policy.

As indicated above, the choice of a maintenance
policy is dictated more by the characteristics of
the facilities (breakdown time distribution) and
relevant costs. Eventhough other important factors
such as personal concept and views of top management

and the nature of the business play a part.
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'3.1,6.1. Breakdewn Time Distributien

To fofmulate any general pelicles cencerning
maintenance service require data en the breakdswn
time distributien ef the equipment, Breakdeown
time distributiens shew the frequency with which
machines have maintenance-free perfermance fer a
given number of eperating heurs, and are erdinarily
shewn as distributiens ef the functien ef breakdewns
that exceed a given run time., These distributiens
differ depending en the equipment., Fer example, a
gimple machine weuld tend te breakdewn at nearly
cengstant intervals fellewing lagt repair. That is,
it exhibits minimum variability in breakdown
distributiens. While mere cemplex machines weuld
exhibit greater variability. This implies that the
perieds and number of breakdewns fer simple equipments
can be predicted with reasenable accuracy. Hewsver,
the mere cemplex an equipment, the mere difficult
it is te anticipate and predict its failure. Fer
such cases, management will need te rely mere en
accurate data en past behavieur er resert te the use
of mere advanced decisiens making teels te ferecast

likely times ef equipment failures (Buffa, 1973).

341.6.2 Maintenance Cests -

]
Y

In adepting a maintenance pelicy, maintenance
cests are of prime censideratien. Maintenance cests

are basically either directly er indirectly related
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tes the type of maintenance service effered. Direct
maintenance cests (cest eof spares, and direct
labeur, etc), are cemmen te all maintenance services
and ~differ only in magnitude depending on the
peculiar circumstances and whether a breakdown or a
planned maintenance service is adopted. For example,
a particular maintenance service may involve simple
lubrication, repairing or adjusting of a part of an
equipment or it may involve complete replacement

of one or more units with new units. While indirect
maintenance cests usually invelve such costs as

idle labour, that is wages and salaries of the
production crew, losses from less in profit due to
possible less of customer goodwill, etc. Thus, it is
very important for an organisatien to make a careful
analysis of the pessible costs to be incurred if a
breakdown or planned maintenance service policy is

to be adopted.

3.1.5.3 which Maintenance Policy?

In formulating a plant maintenance policy, an
organization should consider both its internal and
external environments. In other words, an
orzanization needs to consider such factors as its
production process, the availability of skilled
personnel, etc. the pgeneral economic conditions

within which it operates before deciding on a
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breakdown or a planned maintenance policy. However,
as mentioned earlier, both of these gystems may need
te be emplcoyed at the same time or over time, A
planned maintenance service is best suited for
simple equipments with low variabilities in their
breakdown time distributiens and in situations

where the tetal down time costs for a breakdown
service outweigh the total costs for effecting a
planned maintenance service, While if the reverse

is true or if it takes the same or less time to
repair an equipment, a breakdown rather than planned
maintenance service is adopted. What is important
however, is for every organisation to strive to
achieve a balance between the two in order to
achieve maximum plant performance and operational

efficiency at minimum costs.

3e146,]) Which Maintenance System?

In adopting a maintenance system, an
organisation should start with a careful analysis
of its needs. That is , the organisatien should
clearly define its maintenance objectives and
policies. Based on these, a maintenance system or
a combination of systems which satisfies its needs

is selecteol, Indeed as mentioned earlier, no
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single maintenance system is eften used in
iselation, For example, a breakdewn maintenance
system is usually used net as a cemplete system by
itself but in conjunction with other systems in
order to solve specific problems, Whichever system
or a combinatien ef systems is used, there is a
need to draw up detailed guidelines or policies

en planning, implementation evaluatien and
controlling the system to make it effective and

efficient,

According to Wanka (198}),

To solve these problems and meet these
requirements, various 'ideal' plant maintenance
systems have been proposed and ene of such is
the 'loop of systematic action,' Fer a system
to be effective and efficient it should take
into acecount all activities connected with the
maintenance function and these activities
should be jidentifiable even in the smallest
maintenance department.
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Fige 3.7,
The Leep of Systematic Actien
PLANT DATA
EQUIPMENTS : UTILIZATION FINANCES
1. Groups 1. Pelicies 1. Budgets

2. No. of Units 2 Utilization 2, Investments

3, Conditions etc. 3. Seasonal 3. Depreciation
loads.

L.
Recerding of Relevant Data

v

Analysis of Needs

-

1. MS£;“Eégﬁniﬁues " { Breakdown

Eliminatieon

Planning & Scheduling
2, Clerical [

Procedures 1. Design

Implementation improvement

3. Technolegical

pracfices Contrels - |2« Change aof
schedule
4. Personnel‘-ngt. : " |3+ service
5. Financial and Reperting " specificatiens
Operatienal |
Controts | e

Adopted frem: WANKA, A.Y. , MBA Project, 1968l4,p.30,
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3,2 Operatien Research

Managers must manage effectively aﬁd efficiently
te succeed, Managing involve making decisiens and
thlis needs seund infermatiens. There are many seurces
for such infermatien - indeed, a manager's performance
depends very much en his skill at lecating and
expleiting sources of informatien. They must, there-
fore, be continually ¢on the lcok eut for werthwhile
infermatien seurces, For many years, these sourceg
lie within the subject matter eof econemics,
accounténcy, cemmercial law, industrial relations,
production techniques, human relatiens, etc, In
addition managers take into account the erganisatiens!
ebjectives and pelicies. Hewever, managers have
beceme increasingly aware that their perfermance can
be improved by a more careful study of the way they
run their eperatiens. They began tes questien the
consequences of the existing and alternative
methods of operating. And to ebtain answers to these
questions, management needed te regearch into the
eperational side of the business. Se eperatienal

regearch cahe inte being. See Fig, 3.2.

Operatienal research uses any technique that
helps in the analyslis ef eperatiens. Accerding te

Herper (1975), these technigues can be greuped into:
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(a) Quantitative Technicues: These involve the

carcful messurement of eperatienal requirements
and returns, for valid measurements enables objective

ceomparisons to be made between alternatives.

(b) Non-Quentitative Techniques: Not all operating

factors are quantifiable. It is net pessible, for
example to measure hew ene kind of erganization
structure compares with anether. Nevertheless
research is peossible and operatienal research
workers often use anologieswith nen-business
situations to enable them to find more effective

eperational methods.

(¢) Cybernetics:- This is a theory of contrel and

effective contrel is, of ceurse, essential for
effective operations.

Fist 3-2
DATA FCR BUSINESS DECISION

| | L

Economics Commlrcial Operatienal Organi- Policies

Law Research sation
objec-
tives
- L ] -
Mathematics Probability Mathematical Statistics
models
L I
Inventory PERT/ Linear
control PERT /Cost Programming

The place cf Operatienal Research in the business
situstions, Adepted frem Harper (1975), page L.
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However, the main area of interest of this
preject is the mathematical models ef the
quantitative techniques with particular reference

to PERT (Prcgramm Evaluatien and Review Technique)
analysis and PERT/Cost,

3.l PERT Network Analysis and PERT Cest

As indicated earlier the maintenance functien
is of great significance to the management of
cemplex industrial enterprises. For this reasen a
number of Techniques are used to ensure an effective
and efficient performance of this functien, such
techniques are; methed studyywerk measurement, and

Pert Network Analysis and Pert/Cost.

3147 Method Study

This is an analytical method which finds
congiderable applicatien in the maintenance
function. It is used as an analytical teel and as a
means of synthesis, seme of its uses are:

1. The examination and improvement of methods of
repairs by the use of different sequences of
activity,the provisien of special toels and jiys
with which to work, and the eliminatien of
unnecesgsary activities,

2. The elimination of recurring failures by

change of design,
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3. The cemparison of jeb specificatioens for
existing and new machinery, and assessment of
the usrfulness of new machinery.

i, The examinatien of productien precesses,
leading to the eliminatien of unnecessary
processes and the consequent reduction ef
maintenance,

5. Examinatien of the schedule in order te isolate
key costs which cause the major part ef total
maintenance cost.

6. The synthesis of new job specificatiens for
key costs areas after their eliminatien by

I‘e-design-

3.442 Work Measurement

Here all maintenance Jjobs are timed and

rated and standard times deduced for them or

alternatively they are estimated frem a standard

data. From this, it is possible te:

(a) Produce incentive scheme for maintenance
workers,

(b) Carry eut time analysis for breakdewns and so
be able to forecast shut times with seme degree
of accuracy,and

(c) Dovetail the otherwise indepedent activities

of fitters, greasers, electricians, plumbers,
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and builders, all of whom may need to work

Lo ether on a breakdswn 21 major sverhaul,

3,13 Fert in I'aintenance Flanniug

hen a repair or a major overhaul is to be
carried out, then the conditions may well favour
the uze of Fert as a planning, and progressing

technique, The use of this technique helps to give:

(a) A Cleurer Definition of Tasks:

Ricorious 12;ical  pnalysis is a fundamental
characterietics of nelwork analysis and resnlts in
clearer dvefinitions of tasks, responsibilities ~nd
work someance, The effect Is two fold:

(i) 2 better initial plan.

(ii) Petter control

(b) Bebler Use of Nesources:

A regular consideration »f float (slack) tiwe
available provides opportunities to make proater
use of existing recources., This shonld lend to
more exbtensive use »f existineg resources and
consemently the asaving of money that would other
wise hzve heen invested in extra resources, This
raises the question of flexibility of resources.
The more inlensive utilization can only be achieved
either if the resources are very flexible (e.u.

pair »C hends) or the work is suited to more
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specinlized snd less flexible resources, As the
trend in both plant and brain power is at present
for increnasged specialization, the savings from
better utilization need more careful planning if
they are to be achieved; this in itself may be

a Justification for using the technique,

The technique when used also helps in
overcoming these problems:
(a) ‘here total time must be reduced to a minimum
without incurring extra expense, and
(b) !'here a number of nctivities are closely

interrelated,

Despite the existence »f many techniques in
the stundy and snalysis of the maintenance function
of industrial enterprises as indicnted earlier,
this project is going to be eccncerned only with

Pert '"iTWCRIE AIALY7IS and PRRT/Cost.

3pey Whal is FERT?

Pro ramme Byaluation and Review Techniqne (FERT)
is a2 mannrement contr2l tool for defining nand
Integrating what must he done to accomplish pro ram
objectives on time, It is o techniague for focussing
mana-enent attention on dangersignals that roquire

remedinl decisions, nnd on areas of effort for which
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trade-cfis in time, resources or technical
performance might improve capacity to meet major

deadlines,

PERTT recoganizes that, the succesgsful |
achlevement of a programme’s obJectives requires
a plan that identifies special events or progress
bench marks to be aqhieved in sequence based upon
scientific interdepedences among those events.
Three factors influences progress toward objectives,
namely, Time, Rescurces, and Technical performance
requirements, Time is a varlable that can be saved
or spent in aprlying resources to meel program
objectives, Resgponsible planners and technicians
estimate the time necessary to move from event to

event.

3.5 Functions Performed by PERT

The original application of PERT focused its
attention on time, performance requirements, and
the interrelation of various eventis. The most
modern improvement in PERT is called "PERT Cost"
wherein not only time, but also cost of each
event and fﬁr each activity is brought into the
program picture. PERT systematically performs the

following functions:-



(a)

(b)

(c)

(d)

(e)
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It states the sequence and interrelationships
of significent finite eventsg; that is, progresg

bench marks in the plan to achieve end

objectives under planned application of resocurces

to meet specified performance,

It measures the relative uncertainty for
completing activivies that 1link different
events Iin the flow plan or network based upon
the technicisan's estimate of time and range of
time necessary to complete each activity,

It synthesizes network and time data to provide
the combined impact of such data on capacity
to meet program deadlines.

It reveals the relative criticalness among
different areas of effort required to meet end
objectives. It pintpoints, on one hand, the
critical activities which may require remedial
discussions, and on the other hand, activities
where slack exists and where some delay will
not hamper ability to meet end-objective
deadlines,

It brovides top management with the inte;rated
summary picture of total propgress and progress

outlook on a continuous basis.,
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(f) It stimnlates the time impuct of proposals for
chrimge ond optional courses for remedial
decision on the ontlook for meetines end-objective

deadlines,

3.5.1 Fert Cost

There are very few activity times that cannot
in practice be reduced - at a cost, Tventhouph
virtually all activity times can be continvally
reduced by accepting a pro;ressively hipher cost,
there councg a peint where technical factors
impose a final 1imit. The time taken for a concrete
to harden for example cannot be reduced below a
set 1imit no matter how much one is prepared to nay,
Similsarly the sheer physical limit to the number of
peopl® vho ¢an work on a small unit imposes a
minimum sctivity time which in practice cannst be
reduced, The techninue of using network disgram to
reduce the project completion time at a cost is

known as PERT/Cost,

There are many advantapes of reducing the

project coempletion time., Among them are:-

(a) FEarlier completisn may result in possible
contract bonuees,

(b) The existing estimated project completion date
15 beyend the contract dante and will recsult

in lateness penalties.
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(¢) racilities can be released more quickly for
transfer to further profitable work.

(d) 1Idle time of facilities in sub-critical paths
can be reduced,

(e) Company reputation is enhanced and its

competative position improved,

3.5.2 Construction of Fert Network

The technique employed by Pert is to represent
a project (such as maintenance service or major
overhaul) by a network or arrow diagram in which
constituent activities of the project are shown as
interconnected arrows. The diagram defines the
sequences and interrelationships between the
activities, The intersection points of the arrows
are known as events or nodes and the rule in drawing
the diagram is that all the activities entering
an event must be completed before any activity leaving
that event can be started. Thus in Fig. 3.3,
activities 1 = }}, 2 - Iy and 3 - l} must all be

completed before either activity 4 ~ 5 or |} = 6 can

start.
Figwe 3,3 ACTIVITIMS

@

@
@, i
G-
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Activitles are defined by thelir preceeding
event and succeeding event numbers. Where two
activities running in parallel start and finish at
the same event, a dummy activity is inserted to

enable a distinction to be made between them

Figure 3.4

dummy activity

o o

A dummy activity 1s sometimes also necessary
to represent parts of a project in logical form
Activities may include such items as: obtain finance;
procure neces-ary spare parts from suppliers; order

materials from stores, etc,

By discussion with executives concerned with
various aspects of the project, a network diapram
is built up., It has been found that, the construction
of the diagram, including the necessary prior
consultation, is itself worthwhile as it brinzs to
light unfqreseen difficulties and introduces a
degree of rigour into planning which has hitherto

been lacking. It will be noted that, at this stage
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no gquestion has arisen of the time required for
activities or for the total project. The network
simply establishes the inter-dependency of
activities within the network, and thus the

sequences in which they must be carried out.

3.5.3 Analysis of the Network

With the completion of the network, the
duration of activities are estimated. The estimated
time for each activity is shown against the
corresponding arrow and for all dummy activities
the time is zero. Against each event are shown two
times, the earliest time (Tg) by which that point
on the diagram can be regched and the latest time
{TL) by which it must be reached, if the total
project is not to be delayed. The earliest time
to reach an event is in fact the time taken by the
longest path from the start of the project to the
event, since all activities arriving at the event
must be completed before the state of affairs
represented by the event is achieved. The value of
earliest time for the start event (TE1) is zero,
While the earliegt time (TEZ) of the event

preceeding the first event is given by the relation:

T = T + AT

E 1

2
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where AT, 1s the time taken to complete the start
event, The remaining events in the network are

examined in the same manner,

Mote:

Before calculating the earliest time at any
event, it is essential to calculate the earliest
time for all preceeding events, For example in
Fig. 3.5 events, 1, 2, and 3 must be completed
before event lj. Alternatively the earliest times
are determined and the highest figure selected;
that is 7 days; and this is the earliest time for

event I,

Fig. 3.5

The earliest times by which events must be
reached if the project time is to be unaffected are
calculated by working backwards from the last event

in the project, in this case event 7. Thus the latest



51

time for event 5 is 1 - 1 = 13 days and for
event 6 is 1} = I} = 10days. Before calculating
the latesgt time for any event, it is essential to
calculate the latest time for all subsequent events.
The lowest of these times is selected. Thus for
activity ly the latest time is 7 days.,

3,5, Critical Path

It is clear that there is a critical sequence
of activities through the diagram upon which the
overall project time depends and this path is
readily identified as running through those events
which individually have identical T, and ’l‘L values.
Critical ncfivities are those for which TE = TL
at both the preceeding and succeeding events and for
which the succeedin;; event time less the preceeding
evenl time is equal to the activity duration, In
the example given above , the path which satisfies
the condition is 2 = )} = 6 = 7; and is called the
critical path.,

All activities not lying, on the critical
path contain 'total float (total slack) and some
also contain free floatflack). Total float is the
period by which an activity may be delayed or
extended without increasing the overall project

time. Free float is the period by which an activity
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may be delayed or extended without delaying any

subsenuent activity.

During the planning of a project, knowledge of
the critical path shows which activities should
receive special attention and is usual to divert
resources from the non-critical to the critical
activities. The critical se juence can also be
subjected to examinatior and where appropriate the
critical activities can be overlapped to achicve a
further reduction in the project time. Re - analysis
and review are repeated until a satisfactory

workin® plan is achieved,

3.6 Neview of Related Researches

It is worthwhile to note the findings and
recomnendations from similar researches conducted
in certair conp mics. This will help guide the
research as well as show what problems thesge
compznies have that are in common with the CCNIT snd
in what ways are these companies different, so that
CCHIl can learn from their achievement and failures

as hipghligshted in the regearches,

Two similar researches, the application of
operations research on the maintenance practices

of two different companies, the Ashaka Cement Company,
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Bauchi state and the Nigerian Railway Corporation
(NRC) Zaria were conducted by Ado Yakubu Wanka
(198l4) and Usman A. Saleh (1986) respectively. While
the approach of these studies is different from
this one (The two researcheg used simulation and
Queeing Techniques), some useful information can

be derived from them. Both researches focuses their
attention on the problems of equipment (plant)

down time and its attendant costs, the optimal
maintenance crew size and effective utilization,
some of the key variables of interest to this

study.

The findings and recommendations of interest

of these two researches are:-

y The general concepts and views of most top
management in various organizations as regards
plant maintenance services are far from uniform,
While some managers, advocate less frequency
in maintenance services through the application
of breakdown maintenance policies, others view
the objectives and aims of maintenance service
as one of prolonging the operating life of
all plant items and equipments. This later
view will inevitably call for a planned and

systematic approach to the provision of effective
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maintenance policies which will necessarily

be preventive in nature, However, even those
who advocate planned maintenance service are
not unified in their approach as to which

form it should take, that is, whether routine
or purely preventive maintenance (Saleh, 1986),
No matter which maintenance policies are
adopted for a particular plant, there is a
need to plan and obtain maximum preoductien
volume at minimum costs by ensuring that the
plant is in a constant state of eoptimum
operating efficiency., This will require the
use of all possible techniques and measures
available within the resources of the
organization, Specifically, this study has
shown that operations research techniques have
very high potential applicatiens in industrial
system. They can be used to have a better
understanding of the operations of an
industrial system and thus increase the
operating efficiency of the plant by helping
to formulate effective plant operatiens and

maintenance policies (Saleh, 1986).

The main causeg of down time in the Cament

plant are power failure, mechanical breakdowns
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and maintenance, "eperatienal reasens,"
Electrical /process centrol repairs,

refractory and bricking repairs (Wanka, 198))).

The three causeg of lecomotive down time in
the NRC are material failure, maintenance and
operatienal lapse. The maintenance and
operatienal lapse are attributable te the
ineffectiveness and inexperience of a large
proportien of the maintenance team since most
of the team members are not well educated and
enly rese to their reasenably high pesitions
through long service with the erganization
(Saleh, 1986),

The manpower problem of the NRC is net shortage
but could be that eof having tee many unqualified
and inexperienced staff and inadequate

educated, experienced and metivated persennel

(Saleh, 1986),

Among the recommendation made by the twe

researchers that are of interest are:-

1.

The use of generators in the cement plant to
safeguard against steppages due te power cut
and increased use of planned maintenance
rather than repairs on a breakdown basis

(Wanka, 1984).
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2. The management of any erganisatien should
strive for a balance between the different
maintenance pelicies and systems and it should
always be prepared te shift this balance
depending en its erganizatien's specific and
peculiar needs and also en its external

envirenmental variables (Saleh, 1986),

3a There is a need for intensive training of the
maintenance staff, in house, and in Universities
and Pelytechnics, This will serve as a
motivater to the staff and the staff will be
better qualified for the performance eof their

job (Saleh, 1986).

Another study of interest is the one conducted
by Umar Faruk Bello (1985), Faruk Belle studied
the Management Practices of the Cement Cempany of
Nerthern Nigerian (CCNN), the very company in which
this research is being carried out. At the end of
his study, Bello concluded that,"the ergenising
function of management of the CCNN seems to be
satisfactery, the staffing and directing need
improvement but the major preblem areas are planning
and contro%&ing as theéé?%reas where the company's

management/ most deficient." Bello also noted that,
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the measures provided for the centrol of the
quality of machines for effective performance,
periodic inspections, taking appropriate maintenance
measures to prevent faults or breskdowns are

hardly implemented censidering the in-erasant
breakdowns which centinue to bedevil the company

and pose the single most important ebstacle to its

Success.

Among the most important recommendations

made by Belle are:-

1. "Supervisers sheuld be taught how te perform
their jobs more effectively. All managers whe
supervige subordinates sheuld be given
intensive training en how to ebserve and
recerd the performance ef their suberdinates
and the apprepriate appreach that weuld be
helpful to subordinates without causing
resentment, Their knewledge of the Jjob should
be deepened so that they can effect correctien,
Professional contrel staff such as inspectors
of new machinery, maintenance staff and
Auditors should be specifically trained on
how to minimise costs to the cempany. In fact
it is the view of this researcher (Bello) that

the company sheuld specially study the causes
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of the machine breakdowns that has been

causing the company so much loss. Measures
sheuld be taken to prevent such costly mistakes,
including the replacement of the inspecting
consultants, or maintenance crew respensible

for their incempetance.

The owners eof the cempany should consider
looking into the membership of the Board of
Directors of the company to identify members
who have no knowledge of or an experience in
business, and replace them, The board and
management sheuld be allewed to perform their
dutiegs without political interference, Strictly,
business considerations should guide the
operations of the company, 1f it is not to be

turned inte another civil service establishment.



Chapter Four

ANALYSIS AND INTERPRETATICON OF DATA

4.1 Schedule of Activities
and Network Diagram

The schedule of activities and their sequence
was drawn up using the infermatien provided in
Appendix L.1 and the information collected from the
Assistant Technical Manager, For example, activities
1, 2, 3, L, 5, 6, 7, 8, 9, 10, 11, 37 and 38, their
time duratien and their sequences were based
entirely eon the information provided by the
Assistant Technical Manager. While the remaining
activities, their sequence and time duration was

based on the information in Appendix l.1.

In some instances, where the activities time
overlapped as in the case of activities 15 and 16
29 and 30, and 35 and 36, the researcher assumes
the activity that starts earlier as the predecegsor
to the activity that starts later eventhough they
may finish at the same time and in some cases the

later finishing earlier,

Based on the information from Appendix .1
and the Assistant Technical Managey gnd above

assumptions, the schedule of October 1986 kiln
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shut down maintenance and repairs activities and

their times was drawn up as shown in Table 4.1.

Based on the schedule drawn up, the Pert
Network disgram of the kiln shut down maintenance
and repairs for October, 1986 was drawn as shown in
Fig. L.1. The activities times in heurs were

computed and tabulated as shewn in table }.2,

The various paths and their times from
Fig. .7 were determined and the criticel path

determined frem thege paths.,
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Kiln Shut-dewn Maintenance and Repairs

Aictivitles and Lheir Seguence

Activity

Predecessor

Time (hrs)

9.

10

11,

Shutdewn process

Cooling down ef
the kiln

[Opening ef the
kiln deor

Provision of light
in the kiln

First Inspectien
of the kiln and
estimating the
extent of brick
damage

Ordering and
cocllecting eof
materials from
the store

Trangporting eof
material te kiln
zite

Loading of
materials on the
platform,

Clean all already
knocked dewn bricks
and rubbles in the
kiln

Second inspection
of the kiln

Gathering of crew
for the 2nd and
final cleaning

of the kiln

-

10

12

48

2l

12

96

12

2l
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Event]

Activity

Predecessar

Time (Hrs)

12

13

L

15

16

17

18

19

20

el

22

Prick work in
the kiln

Welding of
plates on cooler
elbows

Check all
planetary
coolers. Ensure
anchors are
welded in
readiness for
casting

Cagting of cooler
elbows

Casting of coeoler
lifters (Patch
work)

Brick work in
hot gas generater

Check and patch
up burner pipe

Clean the
backend of the
kiln so that
probe can go in
easily

Check crusher
hammers, baskets
and lubricants

Check belt
conveyors,
reclaimer system

Check belts,
double pend
flaps (bearings)

Check raw mill
inlet flange
and liner plates

8,

1

13

11

15

11

13

17

17

168

96

2l

120

L8
96

2l

2l

70

192

18

96
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Table .1 cont.

Event | Activity Predecessor Time (Hrs)
2l Check precipi-
tator (Electrodes
and Plates) - 1,8
25 SCrew conveyors/
ceeling tower -~ 96
26 Check bucket
elevator drives - 72
27 Check discharge
of raw mill silo 26 48
28 Replace kiln
rotary feeder - 72
29 Dismantle
inlet seal 28 inn
30 Check clinker
transpert 29 2l
31 Clean raw water
reservoeir - 148
32 Check raw water
non-return Valves 31 192
33 Check cranes and
Hoists general - 192
3 Check compressors,
fitters, 1lub., K etc - 26l
35 Check panels
(reneral) -~ 3136
36 Replace gear
motors 35 L8
37 Runnine Tests 12,16,19,
21,23,2%
21,:23,2
27,30,32, 72
33,34, and
36
Bls) Close kiln door
and start
(1ight up) 37 12

SOURCE: Schedule of Kiln Shutdown Rerﬁ!rn
October, 1086, See Appendix lj,.1.



9

~356y ¥FPILIC

W?‘awu U Ney hq___.l‘\x_ LN ~
u n Fyr9D
(X ]



Table J.2

65

Table Showing Activities and their Times in

Hours Computed ftrom Figure I, 1

Activity Early Early Late Late Slack
Start Finish { Start Finish

1 ) 12 0 12 0
2 12 60 12 60 0

3 60 62 60 62 0

h 62 ol 62 6l 0

5 6l 88 S 88 0

) 88 100 316 328 228
7 100 106 324 33y 228
& 10b 1 33 340 228
9 B8 18l 88 184 0
10 18} 166 18} 196 0
11 196 220 196 220 0
12 316 Ll 340 508 21
13 220 e 220 316 0
10 316 340 316 340 0
15 340 L60 340 u6q _ 0
16 1160 508 L60 508 0
17 220 316 2lly 3u0' 2l
14 36 K0 Lo Ly Wl
19 340 364 L8y 508 nn
20 C 72 24 316 2hly
21 72 26l 316 508 PN I |
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Table 4,2 cont,

Activity | Early Early Late Late Slack
Start Finish | Start Finish

22 0 I8 36l W12 36
23 118 i 12 508 364
2l 0 L8 160 508 1160
25 0 96 u12 508 12
26 0 72 388 1160 384
27 72 120 L60 508 388
28 0 72 268 340 268
29 72 216 310 118l 268
30 216 210 L8l 508 268
31 0 L8 268 16 268
32 L8 240 316 508 268
33 0 192 316 508 316
3 0 26l 2l 508 2l
35 0 336 12l 1160 121
36 336 38l e 508 124
37 508 580 508 580 0

38 580 592 580 592 0

The Faths - Computed from Figure l.)

1=2=3=}j=5-6-7-8-12-37-138 = 36l hrs,
1-2-3==5=0-10-11=17=12- 37 = 38= c68  hrs,
1=2~3=}j=5-9-10 = 11 = 13 - 1} - 15 - 16-37-38 = 592,hrs
1=2-3=)j=5=9-10-11-13-18-19-37-38 = |4 hrs

20 = 21 - 37 - 138 = 348 hrs






