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SUMMARY

This study aims at invesiigating the utility of applying
activity network analysis to the implementation of projects in
developing countries. The study is divided into two main parts:
a case study and general observations.

The case study examines the implementation of the project
of building a ocement factory in the Republic of Sudan. The
study covers the period from the initial contemplation of the
project up to its completion. Critical path computations were
made using estimated and actual duration times for the project
activities. An analysis of delays, their causes and costs was
conducted, and the corrective measures which were actually taken
were reviewed,

Based upon the results of the casc study and the author's
experience with developing countries, general cbeervations were
made about th¢ peculiarities of delays in developing rountries.
Recommendations were then presented for measures to improve the
performance in project implementation in developing countries,
They include measures which would prcvent or minimize delays,

and the design of information and decision—making systems. The
author also rccommended steps which the United Nationes Industrial
Development Organisation (UNIDO) could take in order to help
developing countries with their implementation problems,
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DiPRCUUCTION

le1 The Buckgrrvund

The applicition ¢ = rr o~ tne mrticn ]l wechnijucs to the
aolution ot mansgement problors of A s loping countrios nc =0
fir boen restrict 4 due to o nuamber of fuctors,  For .mogt amerng

these arc

1. Overemphasis of th teehreznl, rithe rothan the
mancgerinl aspects of industrial problems by
those who attompt to solv. them, Fop “xample ,
raced with the problem of o bottleneck i
production Frocess, a lecisionmoker ir -
developing country will be more inclined ta add
new machinery rither tiar improve the utilization
of ¢xisting once,

2+ Llack of intercst and faith o the part of decision=
mokere in the potential bone fits of modcrn tochniques,

3« Lack of adcquate and aceurate information concerning
the problems under study, ThLis has prompt.d declsion-
makers to rely more heavily on their intuition and

+ rules of thumb for the solution of thoir problems,

4. Scarcity of pursonncl expericnced an the deve lopment
and usc of thesc tcchniques,

5« ibsence of n common longuage for communication between
ducisionmi kers and opecialists.

€. iUnivailability of computing fucilitics which oon
handle large-scale problems,

T« The widespread ussumption that maragement problems of
developing countrics are nonquantifiable, or that the
guantitative aspects of th. problems are too simple
to warrant the usc of modern tuchniques,

In thc author's opinion, it is the laeck of skill on the part
of management more than the lack of modernity of the equipment
that accounts for the slower ratc of growth of industrial

organizations in most developing countries, 4 great deal of

benefit can be gained if menagement is cducated ir the new




concepts and t< chniques,

The application of modern mithematical methods to managerial
problems of industry, better known am Operations Kesearch (O.R.),
can benefit industri:l concerns in developing countries 1in many

woyse For example:

l. Thuy can help managers in stating their goals and
objectives more cvxplicitly so that they arc better
ablc to cstabiishk ~lcarer policice and guide lines
for thiir own decisions and for their subordinates
to b guided by,

2, They; may asrist in outlining the range of poss.ble
altermatives to solve specific probloms and the
limitations or the solutions.

3o They can be uscd for vval wting the quantifiable
consequences of clternative policies, strategius
or courses of ~ction ngainst criteria derived from
the objuotives of the organigations, ond for
sclecting the optimum ultomative(as. Criteria of
choice may be given as tangible quantities such as
profits, costs, snles or production volumes or s
intangible quantities such as risks or variabilitics
involved. . test of the songitivity of the optimum
choice to changes in the factors governing the choise
can also be providcd, which would indicate tho
desired level of accuraoy in determining the values
of those factors. Given a specific range of
variation ir. thc valucs of the operating factors,
sensitivity analysis will provide the range of
variation Yo bc cxpected in the values of the criterion
variables, This again helps in reoonsidering the
decision and in setting provisions to adjust the systom
once deviations in the values of the factors occur,

4. Thoy can zesist in determining thc costs of satisfying
the noncconomic objcctives of the firm (such as the
political or gocial objectives), so that policymokers
can decide how far they can afford to chooge nons
economic alternatives. it the same time, mathematical
mcthods can be uscful in finding out the most
economical way to achicve a noneoonomic objective,

Bven if the information available to taokle a management
problem in a developing country is meagre, it would still be more
advantageous to use it in a rotional wéy than to discard most of
it and resort exXclusively to intuition and expericnce,
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Perhaps a rcalistic approach would be to geek the
application of mimplificd managerial tools which are compatible
with the accuracy and availability of the data of the problems
which they tackle, and tnun to sharpen the tools and increase
their sophistication as morc data become available, poople
become more vxperienced in the mndels, and positive results

emerge from these applications.

A very important management arca which largely escaped the
attention of specinlimie and managers alike is the arca of
'mdua'lgrial Project implementation. A great mass of literature
hag been writton about planning and multitudes of techniques have
been devised in order to improve the Flanning process, wherecas
implementation has gencrally been taken for granted as a series
of routine operations which can best be performed by strictly
adhering to a given sohedule, In practice, this has not bcen
true. Many projects which were rmeticulously planned, both
teohnically and tconomically, suffered considerable losscs as

a result of failures in their implcmentation,

The term, "Implementation of an industrial project”, is
referred to her¢ as the sequence of stcps taken in order to
complete the construction of the Project and to put it into
operation at a specified percentage of its normol capacity. The
starting point may be after the occurrence of any one of the
following events;

l. The initial decision to consider the project, This
implies a very broad definition of implementation,
encompassing most of the planning stages as well
as the process of exeouting the plans., It only
excludes the stuges which lead to the initial
comtemplation of the projects In a planned economy,
this would be the economic planning studies at the
national level, which point at the need for invest-
ment in projeots such as tho one under oonsideration,

2. The completion of the coonomic and techniocal studies
of the projeoct and the final preparation of tenders.
Thie includes feasibility studies and the choice
of the production prooesses,
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3¢ The choice of the most suitable bids and the
finaligation of agreements with supplicrs and
contrictors, The stages which follow from this
peirt on are genera ly characterized by the
¢xecution of plang alrendy laid down, In other
words, the¢ deeision comtent of thesc stawncs
becomes legs and the action content becomes more
Prominents  Thic 1s the most widely accepted
storting point ir th definition of "implementation®,
%8 1t morks the dividing line be tween two distinctive
stogums It should be notcd, howcver, that it does
not mark a preeisge point in time, sincc most projects
involve more than onc tender, and onc of them might
be in the process or tXecution while another one
is still in the study stapd,

Scveral pcople congider pProjuvct implementation to be
synonymous with the construction of the project, This ig a very
narrow definition beeauge other activitivs, such ag putting the
project to work, are Just as important ag construction itgelf,
and keeping them out of consideration might vxposge the'project
to serious delays, a situation which 18 illugtrated in the case
study in this papcr.

Thc definition of "implementation" which will be adopted in
this study is the most general one, starting with the contem=
Plation of the Project and ending with the development of
production output to a apecificd percentage of capncity. This
definition pcrmits a greater latitude in analyging the sources
of delay in the total cyole of the projict, It will be geen that
all the activities along the total ecycle arc amenable to the
same type of mathematical trcatment adopted in this study, which
is the use of a very simple mathematioal tool known as "activity
networks",

It might then be worthwhile to attempt ¢o apply simple
‘mathematioal tools, such ag network analysis, to problome of
project implementation in developing countries as a test of the
potentizl use of guch techniques in these countries, Such an
attempt would Bugg:st ways in whioh the problcms encountered in
these applications should be tackled, and indjcates how the uge
of more sophisticated models may be explored,
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™™o studyr— strategics arc Posei.lc:  the first is to
oonduct an ex ®—cnuive study, collccting general data about
& large gample: of projucts; and the cther is to carry nut
an intensive s —tudy of onc or two cosesy and following through
with as much R emetuil a8 possible, It is the belief of the author

that the lattc: = appronch is mope rigorous, since the results of
a detailed stwae—ly of a specifio case can serve a8 o guideline for
outlining the wr—ieeded points of emphasis in a larger survey,

The count m—y chosen for thc study was the Sudan, The economy
of the Sudan i === rcpr-sentative of the cconomies of developing
countries in tMkmmeir initial stages of development, and perhaps
an industrial g—seroject c¢stablished in the Sudan would meet with
& large numbcr of the problems typical of thoge countrics,

1.2 Oblectxvcs of the Stgx

The objec €&  of the study is essentially to apply activity
network analys i sms %o an industrial pProject which has been recently
completed or wh _mich is about to be finighed, in the Sudan. The
purpose of thiss application is to find out whether this technique
oould have impr-<«—>ved the implementation of the project and prevented
soms of the de 1 z—wmys which did occur. Another goal of the study
is to determine ways in which the implementation of industrial

projocts in deve= loping countricg may be improved. This is
accomplished by focusing on the following aspects:

le the orx tical path of activities toward the
oomple €& ion of the project,

2, oommon amsources of delay,

3. ' ways im which these delays may be anticipated and
avoideq o and

4. oosts oM delay and the bagis for deoisions connected

with pa~<—Dject implementation,




1.3 Sudancs« Industry

¥ost or the Sudanese industrinl ecncerns arc small sigc,
relying henvily on ranual work, and owncd by familics or part-
nershipse  The toa’ 4. -1 1 lustrien ar lenther tanning,
textile, ivory proauets and a limited nusber of f‘ood-procensing
smallescale piants. Moot o thesc concerns arc around Khartoum
but some ~re arecund Lthe= pobulatcd citices like Jitbara., . few
mediumesized plute, employing over 200, have boen recently
establishea or are wnder constaucticn to produce textiles, cement,
fertilizers, canaed fruits, tanned leather, shocs, cardboard
paper and dairy products. number of these factories are
government owned and operated.  In order that the government be
able to control the operctionc of ite industrial investments, it
established the "Induztrial Dev lopme:nt Organization™, which is
under the "Minisiry of industry",

The government aiso hng controlling interest in other concArns,
It affects this control mainly through the appointment of govelne

ment representatives on thc boards of the companies,

Most of the praduszts of Sudancsc industry are locally
consumed, Distribution to remnte regions of the Sudan is
rendercd difficust by th. vastness of the land (one million square

miles), and the Inadequacy of the means of transportation.

Engineers, chemists, accountants and other professionals are
provided by the Universiy ot Knartoum. Cairo hiversity =
Khartoum Branch also graduates a number of accountunts every year,
On the other hand, other than Khartounm Technioal Institute, there
is no schcol for tac training of the necded teohnicians, and
Sudanese industrial concerns have to take up the task of training
their tcchrnicians and the workers,

No management or engincering consul ting firmsoporate in
the Sudan, other than a consulting firm, in Khartoum, which advises
the companies on their labour and legal problems,

Another diffioculty which Sudancse industrial concerns face
is the lack of an industrial base. As a result of that, industrial
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oompanics have either to import their intermediary products

or establish an industry which is integrated verticaolly, and
both alternatives may not be economically desirable, with the
result that the cost of matcrial becomes rclatively, and

some times considerably, higher than thzt in morc industrinlized
oountries,

labour costs arc not generally in a better position than
material oosts, beccuse although the hourly wages are much less
than those earned by thcir counterparts in industrially-
developed countriec, the productivity is so low that it offsgets
most of the advant..ges of low wages, Added to the fact that the
labour content of small- and medium-scuic 1ndustrics is high,
the labour cost per unit of Product is thus gencrally higher than
what it ig in comparable industries in developed countries,

A number of factors alsc contributc tc the increage in the
oost of equipment per unit of product. Among which are the costs
of transporting this equipment from overseas, the reduced
equipment utilization and the low level of maintenance,

In addition to that, neither the government nor the congumers
have any organigation which establishes any control over the
quality of the finished products, Besides, the government some-
times provides protection for local industry against importation,
All this leads to & lack of Pressure on the industrial companies
to improve the quality of their products,

Inoreased production costs, reduced quality, inedequacy of
the means of transportation, and the absence of capital for sales
promotion are among the main causss behind the inability of
Sudanese industrial concerns to export thcir produots,

This means that the problems which a Sudanese manager faces
are most challenging, and thot Sudanese industry needs the bept-
treined of managors,

The Sudan is a country with vast natural resources, inhabited
by people who are dediocatcd to their oountry and to world peace,
and who have great ambitions toward industrial development,
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It is under this cnvironment that modern management techniques
can be mogt helpfule

It can be concluded that the problems of industrial companies
in the Sudan contnin most of the elcments of problems of industry

in a developing country, and a great deal can be luarned about

these problems by studying cascs of implecmentation of industrisl
projects in thc Sudan,
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2.1 Selection f the uue

The range ~f =), -~ frovuee q e wag net o owide ure
and severn] face: g eontribited t0 thgt, e “tatedi by a hieh
ufficial at tre Minwetry f Tidustry, Sregente started before
the establishment Of ol Minietry wore 1ot £ive. adequate
aralysis and Properation, ani i g crested afterwards had
net yet reached a SlEnitycart gtare in ther implementatiog,
lie also pornted oyt the sericue lack dat+ n lg Arogecta,
The author believes Shat L oft1c,nl's statement 1g £eneraily,
but not literall_y, trués  There are @ nunber of pre jects which

were given sincere offopry p rlanriny and whiekh demunstreted

& satisfuctory degree of §iuccess. However, the number of such
prulects is £mall, perhaps nly because the total number »f
projects which rar lerd themge lvegn pr.fitably tc the kird of
analysis proposed 1r. thi.. study is small, Besider, very few
factory owners and PALAgErs were willine 40 digelose intorma tion
about their plants. The authcr vieited a number of nlarts whose
owners werc kind en.ugh +o “ncourage the study, but tne author
found that the rizeg >f the operations we re less than could be
ugeful fcr the purposres of the etudy.

The author wes finally fortunat: to receive the help and
éncouragement of the Chairman of g Board of the Nile Cement
Company, in Khartoum, tc corduct the study on the project of
establishing the company's plant at Rabak. The plant is
approaching completion, but the eéxperience which the company has

gone through until it reached the presert stage 1g illustrative
of many of the problems of industrialization in developing countries,

and is indicative of some of the apprcaches to solve them,

The present Chairman of the Board or Dircctors, who is
actually the original promoter of the project, has made available
to the author many of the studies which were conducted in
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preparation of the project, 1n addition to companv files and
publications, He has nlso given much of his precious perscnal
time tc intorm ohe author ahout aspects of the history of the

company whick were oot overed 1n the records,

The author decidew that 1t would be wiser to take advantage
of the aveiloble mass of facts, data and informetion about that
project and study them in depth, than to scatter ¢fforts om a

number of superficial s*tudies,

Dato about ti sequence of activitiez performed or are s$ill
requirced tc be performed fron. the start of the projeot to itse
actual completion nave beer collectcd, which included both the
Plamncd and actual duretion times of most of the activitics,
Information was also gnihered about the details of the activities
and thc prevailing ~.rcumetances under which they were performed.
This included the sausce of delays and how they werc treated,
The data have been updnted until the time of writing this report,
in October, 1968,

2,2 The Cement Industry in the 3udan

In order to clurify the context in which the present cemeat
Project was contemplrted, a brief review of the coment indus try
in the Sudon 18 in order, That, in turn, requires a glance at

the economy of tiv Suuan.

The Sudan is a picdominantly agricul tural country., Its
possibilities in this direction are almost without limits The
agrioultural producing capecity wuich has been limited in the
past due to water shortage is Leing met by the comstructiom of
dams, two of which have buen rcoently oonstructods the large
Roseires and Kashm El Girba dams.

In addition to increasing the agrioultural output of e
land, the government is also inierested in industrial davelop=
ment. A number of plants arc presently undor camstruction and
others are being planned as an intogral part of an industrisl
development plan.
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Although ovir 90% of tne cxports ar agricultural or
animul products, with very bittle, if arny, addcd industrial
value, the country wow reclizes thet w. order that 1t may
acquire the foreign curt ney nocded for deve lopmer.t, more
industri.lized products will have to be exported, This

Puts o pressure on the <ftorts toward industrialization,

The ambit: )us plans ~f the Sudir rovernment for the
improvemunt of wyrriculture fnd the Jdevilopment «f industry
cannot materinlize without the ectoblighkment of large construction
Prcjectss Such projoecte do not only include damg, 1irrigation
systems =nd buildings f irdustrial plints, but a host of cther
important constructions s welle To name a few, onc can mention
water supply and scwag cystems, highways, bridges, zirporte and
offioe buildings, which arc examples of Lrogjects directly related
to the development plar, but there are also housing dcvelopments,
schools, hospitals and commercial buildings which become more

needed as development progresscs,

All of this reveals the increised need for cement as one of
the main raw materials used in construction, At the time the
present cement projcct was contemplated (in 1959), only ome
oement factory existed in the Sudan. Located in Atbara, that
faotory produced 150,000 tons of eement per year, which was about
half of the expucted demand for 1968,

In 1959, th¢ two mujor dams referred to above had not been
started, and sincc together they were estimated to require about
320,000 tons of ccment, the projection of demand for oement in
the following years was estimated to be rising sharply. Even
now, at the time this report is being written, October, 1968,
when the two dame have already been completed, the demand for
ocment is still rising, whereoas the local production has not
inocreased since then.

It was estimated that o great deal of savings and a
canservation of valuable foreign ourrenay ocould be effected if




the +1ded derat i on ~emert wer:e t. be ratisfied by lnoal
production r~ther thar importatiorn. Thim 18 why a group
of “udanese %u. inessmen, headed by the entercrising preaent
Chairman of the Reard, contenlited the establishment of a

compary which tley later called, "The hile Cement Company™,

wiich Lo otie uabgect of tae prorent study.
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CHAPTER ()

PRCJECT DEGCPR.PTION

3.1 Sources sf Dntn

The data and informatiorn about the project have been
extracted from the following sources:
le Rcport on the Technical and Economiesl
Feasibilitics of a Portland Cement Factory
at Aabak, Bluc Nilc Provincc-=8udan, Prepared

by Feli. Kocks K,G, == Consulting Engineers,
Cooler.z-Germany, March, 1961,

2. Report on the Choice of Loci.tion of a Portland
Cement Factory Ncar Rabak, Blue Nile Provincee-
Sudan. Prepared by F.H. Kocks K.G. — Consulting
Engincers, Coblens-Germany, April, 1962,

3¢ The Complcte Story of the Rabak Cement Plant, A
statement preparcd by thc Chairman of the Board
of Dircctors of the company and distributcd over
the shareholders, April, 1968. (In Arebic).

4. Company File: Gist of the Problem of the Froject,
5¢ Company Filc: Pinancing.

6. Company File: Raw Matcrials,

7s Company Pile: Tenders.

8. Interviews with the Chairman of the Board,

The source 6( information about an activity is referred to
by its serial number, followed by the page number wherever
applioable, both botween brackets. Hence, [1:80] means pege 80
of the Report on the Technioal and Boonomical Peasibility., In
the few ocases where no exact statement about a certain date or
& dwration time of an activity is given in any refercnce, an
estimate of these quantities is made which cheoks with all other
date of the project. In such oases, the word "Estimeted™ takes
the place of the reference nusber,
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342 Project General Information

The company was incorporated in January, 1961, under the
name, "The Nile Cemont Company (NCC)®, with an initial capital
of L.S. 1,000,000 (82,800,00¢), to produce cement at an annual
capacity of 100,000 tons of cumente The factory was to be
located at Rabak, on th Kasti-Sinnar Railway line, about 65
kilometers north of Nyfer, a site which was belicved to be rich
in limeston. (sec Appendix 4, Figs. 6 and 8).

As perceived by the principal promoter of the project, the

three bagic constituents of the project wwres

1. 1Its feasibility from both thc technical anil
economical points of view. The main question
to be nsked here was, “Can cement bc produoced
according to standard specifications at a oost
compctitive with imports and other local cutput?®,
The principal promoter sought the advioce of & well=
known spocinlized consulting firm called P.He Kooks
K.G., to obtain an answer tc this question., BHe
believed in the oomplexity of the production process
and the nced for precision in the construction phase
of the project, and consocquently he put a heavy
emphasie on the reputation of the company he wished to
contract with for construction, As an illustration
of the degree of complexity of the production process,
a flow diagram of production is prosented in Fige 5,
App@ndu 3.

2. The availubility of raw materialst As wes mentioned
before in this report, many projects in developing
countries suffer beoause most of their materials are
imported, The main raw materials for this project
are: limestone, clay, gypsum and oil. The
quantities needed per year of each material to produce
the annual rate of 100,000 tons cf cement are:

limestone 180,000 tons

clay 26,000 tons

gy psum 3,000 tons

fuel oil 10,500 tons

diesel oil 2,600 tons .
(for power)

Clay is found in inexhaustidle quantities along the
White Nile and the Blue Nile valliys. Gypewm is best
procured from Port Sudan, and oil is imported at a
rclatively high cost. However, the most crucial rew
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material 1s l:m Gtone, bectuse of the quantiticg
needed and the special quelitics required arn g,
The promotcr nf the project rogorted to geversl
specialized ap ncies to, he Ip bam with the problem
of the identificution of the nost cuitable gite
for mining 15r limestonc . anurg those agencics
were the G L lopical Survey Dopnrctent (G.S.D.) in
the Sudan.ee governrent nn-. M.ckiy and Schne llman.
It 15 saf. 4 iy thot oot e hag boen, nnd
Perhupe still 1, o - 4. tnet awkward problemg
faced by th. proje-t,

3« Financing the project: The prineipnl promoter
sought several mearg of financing the projecct.  They
were mainly:

a, Stock iesuc: to the public and the government,

b. Intcrnational financing: two orgenizations
WCre approached:

The Internatiinal Finance Corporation
(under the Internati.nal Bank for
Reconstruction and Development) and

IMPRESIT: a consortium of Italian
concerns participating in the congtruction
of ihe Roseirces Dem,

Unfortunately, for riasong which will be
exfplained later, no final agreement was
reached with either source of international
financing,

6. QJovernment or government=sponsored loans,

d.  Another important source of financing, for equip~
ment purchases, is thc ercdit terms of equipment
suppliers,

Again, financing hae been another diffiocult problem, and it
has not been completely solved by the time this report is being
written,

3.3 Definition of Torms
R e e

Erolecs: A oomplex undertaking, by an organisation or a
subdivigion in an organisation, which consists of many intertelated
activities aimed at attaining a specified goal. The organisation
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may be a company, n government agency, A6 educational insti-
tution, a military establishment, a charitable scoiedy, or any

‘sBimilar entity.

Actavity: A distinct una time—consuming scquence of actions
aimed at accomplishing o tisk our a series of interrelatwd tasks

in a project. Ar nctirity his definite starting and ending points.

Event: A point in time marking the beginning or ending of

one or more activities.

| Critical Path: That par*icular sequence of aotivitios whioch
decides the length of timc from the starting point of the project
until its ending point (the total project completion time)., A
wclay in any activity along this path will cause a oorresponding
delay in the total project completion time.

Total Slack or iloat: Thc length of time which the ending
of an activity moy be delayed without increasing the total project

completion time.

Free Slack or Float: The length of time which the ending
of an activity may bc dclayed without delaying the start of any

activity in the project.

§lock notivity: An pctivity whose total slack is not equal

to sero,

Slack Path: A sequence of activitiea which are not on the
oritical path.

gubcritical Path: A slack poth whose slack is minimum or
is clcec to gero,

The above terms are used in the s tudy of projects with

activity networks.

It is obvious that both thc total slack and the free 'llok
for activitmu on the oritiocal path are equal to s6ro.

For any project, precedence relaticnships cxist between
activities, "Ac'tivitw‘A precodes activity B or "A is a pr'sdecessor
of B" means that A will have tc be finished completely before
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B can stirt, At the same time, other activaitics mey have to
precede B and 4 may be the predecessor of activitice other than
B.

Although the size and complexity of an cctivity 1s determined
arbitrarily, depending »n the degree of deteil required in the
analysis, -~a nctivity must not be defined so that nalf of it is
not preeeded by o certan activity and the second half is,

In such o case, the activity should be divided into two distinct
activ. tics,

Th definition of "project® as given in thig scction applies
to the construction of the coment plant at Rabak, Sudan. An
analysis of the projeut through activity retworks can thus be
conduo ted,

An activity ncetwork is a graphical priescntation of the
activities of the project as a network.,

A network is simply a set of nodes and branches (links).
In activity networks the nodes are generally circles and the
branches are arrows, whose directions represent the precedence

relationships among activities and events,

The presentation of a Project by an activity network may
be done in any of two differcnt methods:

8. activities arc reprosented by circles and events
by arrows and

be activities are represented by arrows and events
by oirocles.

It is the latter form of prcesentation which is followed in
the present study.

Regardless of the form, all activities and events must emergc
from a single node indicating the start of the projeot, and
oconverge into another one marking its end.

An explanation of the uses of activity networks and an
applioation of them to the cement project is given in the next
ohapter. ' '
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3.4 Description of Activitica

Since activitice arc represented by arrows, each activity
will be 1dentificd by the two numbers given to ite terminal
events. Hence, for any activity i=3, i 18 the starting event
and j the cnding one. The activitivs ore 8o numbered that for
any activity i=), J is greater than i, and for any activity u=v
preceding i-3, 1 is cqual to or greeter than v. These rules
have been cstablished for the purposc of the analysis which

follows the comstruction of the nctworke

Table (1) below gives a list of the project activities,
togethcr with cssential data about theme

Colum (1) is a listing of activity numbers according %o
the code numbers of their terminal cvents. Activitius have been
ordered so that any activity following another ome is listed
after, but not befor:, that onc. Also, all the activities
starting from a certain event arc listed in an uninterrupted

sequence.

Colum (2) is o bricf description of cach activity., &
detailed duscription is given in the following section,

The actual atarting dates of the activities are listed under
colum (3).

The immcdiate predocessors of each activity are given under
colum (4). Since if aotivity X-y precedes u-v and u-v precedes
i=j, then x=y precedes i=J, then the mere mention that ww
precodes i-j after the knowledge that x=-y precedcs i-~) implies
thai{ x=y alaso preoedes 1;3. That is why predecessors which are
not immediate, that is, prcdecessors of predecessors, &re not
mentioned in coluwm (4).

Colum (5) gives the planned duration times of the activities.
Part of this informtion has buen mentioned explicitly in
consultants' reporis on feosibility studies, in company files,
in the chuirman’s statesent to the shareholders, or during his
interview with the author. The data which oould not be sxtracted




TABLE (1)

PROJECT ACTIVITIES AND DATA
(1) (2) (3) (4) (5) (6) (1)
Activaty Actual Preceding Planned Actual Reference
Number activity Description Starting Date Activity Duration Duration Page
, Month/Year Mon ths Mon ths
01 Contemplate project, 10/59 none 2 2 8
make 1ni1tial estimate
of expenscs, and sell
idea
1-2 Acquire governmment 12/59 Owl 1 1 8
aprrovel c¢f project
and incorporate come
' pany
S 1=g Seeck techmical assise 3/60 O=1 6 6 8
' tance for initial raw
meterial feasaibility
studies
2=3 Open t.nk acccunt and 1/60 1-2 1 1 8
) allocate initial funds
et Acquirc permission to 1/60 1=2 2 2 8
mine for raw materials
! 3
2=5 Study potential sources 2/60 1=2 3 3 538
of financing
2=6 Issue and sell common 1/60 1-2 2 2 5:8
stock
2-7 Appoint Board of 1/60 1=2 ] 1 8
Directors

* Semicolons are used to se
bers of the same referen

parate between referemce numbers, while commas
ce, and colons are placed between a referen.e n

528'3’3'!;.—'
umber and iie page numbers.
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(1) (2) (3) ,r (4)
3-8 Seek tecilmical assistance for 1/60 2=)
feasidbility studies: technical
and ecomomical
4-8 Conduct initial feasibility 9/60 1-4 2 33336
studies: raw materiazls 2«3
2-4 .
89 Pecsatility studies: 12/60 2<6 3 1:VI1,31)
technical and economical 3-8
43
9~10 Preparc cquipment tender 3/61 8-9 3 Estisnted
and urvite -ffurs
9=11 Rcvise feasibilit: studies: 1/62 8-9 23 31336
raw re tcrial
=12 Pinalize plant locaticn study 1/62 8-9 3 2
J=13 Acquite approval for puslic 6/61 8-9 2 315,25
connection of utilatice and
power network to site
10=14 Contr: ctore preparc preliminary 5/61 9-10 8 1;8
)f¥ers
11-57 Pinalige raw matcrial study 12/63 9-11 wot 333636
13=55 Expedite construction of h\ou 9=12 9 315,25
utilities and comnection 9«13
of powver line to eitc

T T O T VoS v s e

e Lt e
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1) (2) (3) (4) (5) (6) (7)
14-19 Study plant and equipmunt bids 2/62 10=-14 2 7 8
15<17 Acquire land and prepare site 1/65 9=12 2 2 2;3:13
15~1& Lugotiate and finalize agreement 5/61 2<5 8 Discont. 5
with 1nternational financiors 9=11 11/62
=12

17=2C Construct temperary ond 5/65 15-17 6 6 3:25
cupplementory pow r units

17=21 Construct utilitics (watcr and u\mw 15-17 4 4 3:15,16,25
&.Pw:gv Wwithin =sa1te

18-51 Jequlre government approval on 15-18 2 — 5
internaticnal finan~ial
arrangerents

19=22 Fegotizrte wit! biddere and make 3/62 14-19 2 3 7

prelirinury agrezment
20=52 Install pewer comncction to quarry 6/€5 17-2C 5 5 3:2%
22«2} Acguiry wapert licence for 12/63 1922 1 | Estimt ted
; cquipmer t
23=24 Finalize and sign equipment 1/63 2=7
agrecmer t [ including design of 22-2)3 2 2 3:8
cival werk)
24=27 Suppliexrs produce firat 3/63 23=24 8 24 1:8033239

consignfent of equipment




(1) (2) (3) (4) (5) (6) H (1)
24-28 Becruit executives 5/65 23-24 2 2 3:13
25=26 Pinalize plant layout and design 3/63 912 2 7 3
of bwldings 23=24
2629 Pinelize ard sign civil work contrect 10/63 - 25=26 2 11 3:8;7
witl equipment supplier :
27-30 Supplicrs ship first eguipment 3/65 24~27 1 1 3:15 !
consigument . '
28-34 Train cXecutives 1/65 24-28 12 12 3:16
29-31 Issuc and seil additional common stock 3/66 26-29 3 3 3:1935 “
)
29=32 Supplicrs produce second equipment 9/64 26=29 14 23 1:8033:39
consignment
29-=33 Supgplicrs produce third equipment 9/64 26=29 u 23 1380;3:39 '
coreignmernt '
30=36 Cleer first eguipmcnt consignment 4/65 27=-3 1 3 -.uguw,nsqlm
at customs, inspect and tr-nsport , )
tc e1te
31=5¢ Inetz1l real, track ond platform 6,/66 29-31 6 12 3:25;Bati- |
of tranch ruilway mted }
3
32=40 Supf liers shifp sccond equipment b\mm 29=32 1l ) | 3:15; e ti-
concignment aated
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(1) (2) (3) (4) (5) (€) (1)

33-41 Surplicrs ship third equipment 4/66 29-32 1 1 3:15; Betimated
consignment - . R

24-38 Recruit profcseionals 7/66 28-34 2 2 3:17

29-31
34-39 Recruit techn.cians 7/66 28-34 2 2 3:28 :
29131 b

353 Comtr-cior, construct buildings 3/€s 15-17 4 4 3313,27
wra fouadatiors (Sehcdule 1) 26=29

31537 Comgury constructes other w\mm 15=17 4 4 3:13,27
civi! work (Ochedule I) 2629

=5 Contri.ctors construct buildines 1/65 35=36 6 6 313,27
and foundations (Scredule IT) © 30=36

37-50C Jompiny corstructs othir 7/65 35«37 6 [ ‘3:13.27
cival werx (Schedule I1)

38-q8 Tren profess cnnls 9/66 34~38 € 6 3B, 56

3948 Tr-“m tichmiciarna 9/6€ 34-39 '3 6 uusn‘

4045 Clear and ingpect zccond cquipment m\mm 32-40 1l 3 Husmuuscg
congignment and trunsport tc site

41-5C Clear and u.spcct third cquipment 11/66 33-41 1 3 wugu.w&-“

consignment and trensport to sitc




T @

— @ o . )| ® o)
g
- 42=4) Install power comnection to housing 1/65 . WWH% 4 4 3125
.. 44~45 legotiate and finalize government ‘ 6/66 2.6 1 L 1 3861
.. loan agreement " 29=31 \ .
Ty Eect first cquipment consignment 1/6% :lnuw 3 ) rﬂ.x_uﬁ
: 30=
35=36
. 35-37 )
48-53 Recruit workers 3/61 38-48 3 3 3:26,66
. 39-48 : .
~ 49=50 Erect sccond equipment consignment . 9/66 " 40-49 4 4 13:80,3:27
42-43 .
44-45
46-47
50=54 Erect third equipment consignment 12/66 - 31-50 5 5 3:3
. 36-50
37-50
41-50
49-50 .
- 51e52 Seek further financing 1/66 44-45 6 MO. 3363
51=55 Procure purchased raw material 11/67 44-45 9 9 3128
53=55 Train workers 6/67 48-53 6 6
54=55 Settle disagreemcnts with contractor 5/67 50=54 0 16 3149-59
55=56 Test and adjust crected plant 9/68 uwlwm 2 2" 3:60

e Y
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(1) (2) (3) (4) (5) Jﬁ (6) (1
. .
56=58 C-rry cut pilot production :\m@ 20=52 2 2 3160
51=52
55-56
57=58& Fropare raw material rocources ~0\mm. 11=57 1 w. 3:60
for exjlortation 20=52
51=-52
)
58«59 Develop production to full w\mwt 57=58 2 2 3160
capacity 56-58




from these scurces were ectimated by different means. ne of
the me thods was to take actunl duration times as the planned
duration times in the activities where no delay was observed
to have occurred. Where ielays were reported the tutal length
of the delays 1. cach activity wag gubtrac ted from 1ts actusl

duration.

The actual duration times, in column (€), are obtained by
subtractin, the actual starting date from the actual ending
date °f each activity. In very few cases estimatcs had to be
made of the actunl durations, based on the startir, or ending

dates of cunnucted activities,

In colum (7) the source of informatior is mentioned, using

the refcrence code given in section 3.l above,

3¢5 Detailed Explanation of Activitice

Only activities in Table (1) which are not self-explanatory

are explained here.

O=1 The project was f{irst contemplated by the principal
promoter, who is the present Chairman of the Board
of Directors, in October, 1959. He launched a
campaign to sell the idea to the public and
potential investors, which resulted in the cooperetion

of 200 promoters.

1«2 The government's approval of the project was given,
on the basis of a proposed list of names for member-
ship in the Board of Directors, for an initial ocapital
of L.8. 1,000,000, The company was incorporated under
the name, "The Nile Cement Company".

le4 MTechnical assistance for initial raw material study
was sought by the chief promoter from the (eclogiosl
Survey Department (0.8.D.) of the Sudanese govermsent.
The omphasis was on the determimation of the miming
areas for limsstome, the assessment of the qualily
of the limestone, and the estimation of the siee of
pure limssione deposite.
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’~4

=6

2=7

4-8

Operiing an necount ar the Yonk i ke rame of
the company u.i all cating 1rating ot fer

the oxiplaratory st

An aprlication wie oabmo'ted t.. the Hinirny
Departre-t tor perrissi n to oL for raw
meterinle,  Tie porciesion wee Fgronte ) after

comsideration by L Muan Seaneil,

Potontis] sources of financ i, wer v xrlop o
after dratind cstimatcn of e finn,esnd e ULl
ments of the nroject ae~ ml e,

Al assue ~f LS. 1,000,000 wertl of ~ommon 3 touck

was liatindly made, Tt was = ld oo £ .0iowes

The Publice L.S. 404 640

Industri.l Bank (Govt,) 438 60
Industrial Development 157 0

Crganization (Govt,)

1 000 006

A board of dircetors was formed with tix principal

promoter ns chairman,

The promoter sought technical assistance in Germany
from specialized consulting firms. He finally
contracted with F.ii, Kocks h.G. tor the technical and

economical fengibility studies.

The G.S.D. made a general survey of the mining area
in Nyfer Br Rugaiyeg, 05 kilomcters south of Rabak
(see Fig. 8, Appendix 4), They took surf.cc samples
and submitted their first report which showed their
initial estimate of the total deposits of suitable
limestone in the arca to be 14,17 million tons, which
were sufficient to supply the factory for 100 years,
They indicated, however, the prcsence of dolomite and
high mognesia but suggested difficulties were

surmoun table,
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9~10

9-11

9=-12
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kocks conducted thoir feasibility study and
submitted their report in March, 1#6i, It

include i the following studies:

ae  calculation of pw meterial roquiroments

~

wnd Ieertiorg

be estinvtion of trousportation requirements
of miterial ~nd personncl and cvoluntion of
diff rert menne of tronsportationg

c. piwnt locntion (inbak site ro commonded);

d, prece so analyveis o f production (Fige 5,
Aipendix 3)s

€. cquipment reguircnents and frctory layouty

fo vcquipment of the limestono juarry and the
claypity

ge stora s frcilities;

he power st tion;

ie. labour requircementsy

Je congtruction costsj

ke timc schedule of construction;

1, duemand for cement 1n the Sudan and economic
considcrntionag

me comparison with competitive supplicruj and

ne financial requircments (fixcd and working
capitauls).

Another amspect of the study was the preparction of
the cquipment tendere The company called for
offers witl. o clocing date in June, 1961,

The International Finanoce Corpor- tion (IFC), which
was interested in financing the project, oomtracted
with Mackey and Schnellman (M & 8) for conducting

further raw material studies in ccllaboration with
G.S.De Their report was moderately optimistic dut

reserved,

IFC also requosted that the plant loocation study be
revised, Kooks undertook the revised study. They
comparced thrce sites and recormended the Rabak site
agein,




10-14

1157

13=55

14~19

15=17
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81x companics (will b lonate g Bivy, D

<3

, B
and F), ropr SeRtluy 3 Lur e ol cowntrics W' e

ntere cted and wer STCPRPLAG Ldirent G re,
They 11 oubmitted tioyr -ty reoa o the gendliine,

vXecpt Compary F,

Raw ~cterinl studig wor o luctod shtereittently,
with ne ew.tinuity, [t Iimestone deposite we e
irrcgular ir qurlity, nrd v oep g 1fficult wes
faced in determining rhe ortorr Sure aeposits,
Extinnive sanLling wrd ivddysic wes nes fcd,  The
British Institate for Holbgrcal Seirncuss Qv orecng

Division, wag fually b lpinge o the study,

An oplicition was subry -t teoth oieme st fop
the construction of wite il sewm systems wnd
for the inst~llation ~f - conncction frer the power

ne twork to the factory e1th,

The study of pl-mt and CQULpReTt bids: oar netivity
whick was t° t-ke only twe mornths onded up by
lasting for scven monthse After the ~ffors had
been submitted in Februcry, 1462, excopt for thet
of Comprny F, tie covernment {whick sas then o
military regime) put proseure t  oancel the tonder,
The chnirman of the hoard (Whe w' s at ti socme time
menagirng: director), resigned from the eompany in
Narch, 1962, togcther with all members of the board,
A new board was then appeinted, whose first ;ob
was to consider the offors submitted by 211 gix
eompanics in Scptember, 1962, The new board wa
more inolined toward Company F, ayninst the adviec
of Kocks, th. consultants, and IMPRESIT, the
potential financiers,

land was purchascd in Rabak and found:tions were
prepared on the besgis of the plant layout finally
approved,
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Kegotintions with interns.tional financiurs were

ar  ff rt which unfortunate 1y did not cnd uwp by

any rerecment.,  Howower, +h nistorv of negotictions
10 oap anteoresting : tudy by atod 1f, in uddition

Yo th et thet the cetimation of the coets »f
delnys wall not booc smple te without congideration
ef the logt aprortun.ty of luss costly financinge

[t h.o Wmun previously muntioned that the Kile
Sement Company (1CC) sought the financizl
particaptting of the Internnational Finance
Corporation (IFC) as far buck as Moy, 1961 The
[FC, afwr studying the pruliminary report on
fezaibility studics, reported in November, 1961,
thet tney were villing tu conzider an invesiment

up to 5U% of tin projcct coet, but not to c¢xcecd

3 mullicn U.S, dollars, provided the preliminary
investigations proved the project’s feoasidility to
IFC's satisfaction and ar ugreement could be reached
b tween the NCC ~nd the 1FC on the. tcrms and
conditions of invustments Thuy proposcd that 25%
of the funde providud by them should be 1in shares
and 75, in debuntur.g, with the intention to pell
shares to the public when they were able to buy
them, IFC also proposcd & minority oapitel
participation by a forcign industrial partncr
acceptable te all the parties ooncerned, to help
thc company in the proper manegement of the plant,
IMPRESIT, the consortium of Itclian companies
previously mentioned, was an acocptible partner %o
IFC. IIPRIBIT proposed to advanec the NCC with

L.S. 500,000 to be paid back in cement in quantities
equal in value to the loan plus € annual interost.
The comunt was swpposcd to be used for the cons truc$ic
of thc Rosciris Dam underteken by IMPRESIT. The
conditions of IMPAESIT were: (1) that oument be of a
quality which permitted underwater durnbilitys
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(2) th ¢ production b s8Arted by Gotober, 1963;
nnd (3) thet noo “ecupt ooroproientitive of

theire as 2 rember uf the borrd,

The IFZ propoged a capitil ctructure cg
follows: IPC 304 (in ©qulty ), government 30
end public (sisrihold.rs) 4G,  They aige
Proposcd 2 loan of L.E. 7%:,900 -t 7%, payable

ovir ) yerrs and after 4 years SPLCU

In order to 2ntisfy [FC as to feasibility,
the plart lcention etudy war r.viged (nctivaity
9=12)e ules, the IFD commissicned hackey and
Schnellman to revise raw materinl studics togcther
with GSD (activity 9=11), The reluctance of the
gov:rnment to approve the IFC lomn and the slow
progress of raw matirial studies resulted in the
withdrawal of th¢ IFC offer, Together with it,
and as a result of the NCO's decision on the bid,
the IMPRESIT offer was cancelled, This a'mogt
completely eraged any hope for international

financing.

Intcrnational finzacing wos, howcver, one
alternative means of fincnecing, and other means
were simultancously explored, spceifically,
government and government-supported loans, and
other local sources, This ig why activity 15«18,
and the succeeding activity 18«51, arc only an
alternative path to activity 44«51, and any one ia
& sufficicnt, but at least one is a necessary,
condition for procceding beyond ovent 51,

The NCC, as o result of government prossure,

selected Company F, which caused the resignation

of Kooks, and the withdrowal of IMPRESIT. Actually
the oonsultants had advieed that Company F's offer
(and that of Company E) be excluded from consideration
because they werc incomplcte and werc not prepared
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in accordance with the disposition given, They
also doubted the enpability of the company on the

boeis of ity reputaticn.

23=24 The¢ cquipment agrcement speeificd dntes for the
supply of cvquipment in diffirent shipments, and
st.ted that the contracting company furnish
designe of bu.ldings ind other civil work connected

with the plant,

24«27 Thc first cquipment congignment included raw mix
homogunization, gypsum crucher, ccment silos and

packing plant, and ietor.tory,

25-26 The plant layout was finalized on the busis of the
contractor!s actu~l desiyns of machiuery and equipm=

ment,

26=29 The civil work contrnot with equipment aupplicra
ineluded the construction of foundations and the
buildings to housc thc equipmont,

27=30 Supplicrs were respensible for deliviring cach equip=
ment consignment to Port Sudan,

28=34 Thc exeoutives were traincd in the ountraoting firm,

30-36 The NCC rvoeived the cquipment at Port Sudan, pere
formed proliminary inspection, cleared it through
the customs and transported it to the plant site at
Rabak., This finnl step oculd not be conductcd in
the rainy scason from Junc to October,

31-50 Transport of row material wae onc of the main
oonsideratione in the plant layout study, Three
 means ol transporting limcetone from the quarry to
the plant (65 kilometers) werc considercd, and the
meuns selectcd was by instulling o branch reilway
between the quarry and Robak,

38-48 ngincers were trained at the contracting company
abrcad,




33=48

3537

51=52

51=55

54-55

57=58

Teohnicians were trrgncd 1t othe o eomont factopy

in f«tb:u‘('\.

Civil work which whg not taken up by Company F

wag bid for by suver-l companies, from which a

few were sclected, Thag included housing, internal
company pow.r nctwork, droannge, th weter system,
ete,

About ualf a millior Sudaicsc pounds we heeded tc
finance the roemainder of the construction ocoste of
the plant. Scviral seurces Lave been gought:  the
IFC which agzin showed some intereet, the government,
and private local financing, The capit.l wus reised
to L.S. 1,250,000, Ther. were still sharcs with -
velue nf L,S, 133,195 wnsolds Until tn. writing

of this rcport, thie problem was still unsolved,

Purchased raw material wae c1ther importcd, such ag
oils and sacks, or Purchascd locally, such us &£y psum,

A disagreement tctween the NCC and Compauny F about
whether the equipment contract covered the testing
of equipmcnt under loads An agrezment was reached
in Maroh, 1963, but wae disputcd zgain in My, 1968,
The NCC finally agrecd to bear morev ¢xpensce than
it originally figured out,

This includes the fingl plan for eXploiting the
limcstone quarry ~nd the crrangement for transportation,
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CHAPTER (4)

ACTIVITY NETWORK ALALYSIS

4e1 Uges of activity Networks

Network analy.-is 10 o vory usd ful teel in annlysing projuct
activitics for the purpose nt durivang uscful information and
paking vorious duecisione connectod with the projectse  Although
the graphic..l prosertotion o f the nctwork is nnt agncntirl tc
the developrient of th mojuird intormetion, its main advantage
18 thet 1t ziv- 8 o clenr view »f tie uiterrdlationships among
the azuvitivs, Alsc, by performing the computations on the
cr-.phieal nctwork, - solution 1s provided ngainst which table

calculations, cspecinlly when manuallyeperformed, can be checked.

The basic usue of the ictivity network nnalysis can be

summarized in the following statoments,

1o In order that the network be conatructed, the indivie

funi activities in the project have tc be spelled out and their

‘intomlationahxps indicated, vapecially their procedence rolae

tionships., This stcp by itsclf is of great binefit 1n ensuring
that no activity ir neglected in the planning of project imple-

mentation.

2, PFinding $hc totnl progect dur tion, Estimntcs of the
totnl projoct duration which 4 nct toke into consideration tho
comp” .cated prceedence relationships of the ~ctivities are apt
to be erroncous. Thie hag been demonstrated in this project,
where the initial cstimate of thc total project duration was
quite different from that obtained with the use of the oritical
path method, cven though the two cetim.tes drew upon the same
basic dota.

3, Determination of the critical path., Onoe the critioal
path is knowm, it is poesiblc to concentrate effort in the
activities along that path, in crdci to puard agcinst any delay
in the final project completion timc. This means that special
attention may be given to the oontrol of the performance of the
oritiocal activities.'




4. dtermining suberitinal prithes  The poths aiong the
Prcject which have Vely sraill slacks e o, less impertant than
the critionl pathe 1f mtyy it - lng v int o path ard: delayed,
in their stapt or uring thoear SXeeution, moro thog, the total
slack Af the path, thon a lay in . fine] muletion time
of the projuct will be . vithblioe The ®iowlodgl of the eritienl
path ard the rlageet subcritieal petrg helps in rreuring that
nc delay wijl oeur i Y Joa eomple tion tire, nlsn,
infurmation nout, beriticnd gethy e Peguired when a roduetion

in the tctel projuet 1upr trn e conilered,

e neduciny the totel Progect ourcti on,  With the Kiowledge
of the netivity o whos tars tiong 2 b po Aueed, wnd i engt
of the riductions, 1t gp pessible, with the uge of oPN, ¢o
determin. the minimur en stopragramee (or scnedule ) whien will
shorten th. totnl roject durition by  certoyr priod of time.
Such n Progr-mme will TPLCify the retiviticy whea duration will

be shortancd, ina the amcy.t f reduction,

6o  Dete rmining the costedur~ti.n r-latirnship, the
optimum project durntion and the minimum dur tion. Computing
the minimum cost t.. gin a specific roduction in prcject dumtion,
over a rangc of project durntions will give the cost-duration
relationship for th.t romge . 15 the Lonefit aceruing from savings
in the completion time along the zome PALgC 15 known, the optimum
pProjoct duration snp thep be dctermined, It is that duration
for which the gein from shortening thc Project durnation minug the
cost of the rudustion ig moximum. It is also possible with the
knowledge of thc above informetion to computc the minimum projeot
duretion, or that durction beyond which no rcduction is possible
by any means,

T. Scheduling the Project implementation, That is,
determining the start and finish datcs of the vorious activities,
The start and finish times of activitics on the critical path are
diotated by the soquence; however, there ie usually a great
deal of latitude in determining the starting times of slack
activitics. Notwork analysis helpe in setting these times so
that the project is not delayed, nor arc other restrictions on




the project, auch as cajaoLty restrictions of oertain resources,
1s0l.ted. The scteduling ,f activities thus involves the

iiztribution of glack.

8, Optimzing the utilization of limited resources,
Suppose that o nunber of activities regquire the use of a certain
regource which has a lim.tel capacity, such .8 a piece of equip=-
ment or manpower with specified skill. Such a resource will
have tc be allocated 80 th:.t the progect will not be delayed.

If delay is 1nevitable, then the nlleocation should be such that
the total cout of delay and resource use is minimum, Certain
approaches 1in network analysis help n tinding the optimum
allncation of scarce resources over project activities, and the

optimum implementn tion a~v.edule tor that allocetion.

9., Once a timetable has been set for the implementation
of a project, contrcl ocau be effected on the implementation
process Ly following up the execution of the various actavities,
Not only 1s network analysis a helpful tool in locating deviations
from the set schedule, Lat 1t is also very useful in determining

appropriate courses of action once delays arc obgerved,

4.2 Draw E" the Ne twork

Two networke have beern drawm for the project, the two being
igentical in all respects except for the duration times of the
activities. The tirst network represents the planned durutions
of the activities, while the gecond represents the actual

duration times.

The networks have been drawn according to the activity=on-
arrow rather than aciivi ty=—-on-node presentation. In this ocase,
the activities have buen representud by arrows and the events
by nodes. Thef'e is no reason for the author to chooss this
form of presentation other than the fact that arrows depiot the
passage of time involved in an nctivity while nodes indioads end
points, a prusentation which conforms more to the conoepts of

activitios and events.
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In activity-on-arrow networks dummy wctivitii s ape 1ntiro=
duced in situations such g the followins  wien sctivity A
precedes both ictivities C ang D, and when T is nreceded by
another activity B, where tiere 1g no precedence reletionship
between C and B, then - dummy activity E 1s introduced be tween
A and Dty indicate t. Frhecedence of £ te [ owrthout implying
any preoedunce of B tc 0, Mhe fallowing danerne 11lustrates
the point,

Pigure (1): Dumy Activitics

Ncedless to say, more than one activity can be in the place
of A, B, C or D. Dummy activities are represented by dotted
lines in ¢ .der to distinguisl them from actual activities; treir
duration is, of coursc, zoro,

T™he two networks fur the planned and actual durations ape
presented in Appendix A(1), PFigs. (3) and (4), respectively.

It must be noted thot aotivities 15-18 and 1851 are
alternatives to activities 29-31, 3144 4445 and 45«51, The
completion of any one of the $wo sequencer is sufficient for
the start of event 51. This faot has been taken into oconsideration

in the oritioal path ocomputations, especially those for the
so%al network.
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4.3 The Criti.l Prth

Th computi.tions loodang to the de terminntion »f the
criticl pothe of the o nned and cotusl darnations are
preeuntos Un AppendiX hie o, o ther wath o oXplanation of
the procodurc.  DPhoce oz, uti tions e biaed o the dota
given in Tebl (i)e 1t will b o.ted thnot in Tatlo: (4) and
(5), the dummy '\.r‘thth.r‘ heve beern lieted an osrd e o gtroame

1lide the proociare  nd eweri gminast orrors,

The notwerke prrir.doan Figse (30 and (4) in Appendax
{1} chow *he eritica. o the au o quences of double=iined

LI'TOWE

The ermiticzl poth wccurding to the planncd dur.tior times

1B
U lenffmfimGn L L Jm 1l Canl s w2 34 3B (01 Vg jmfbm’ 3=
55=56+~5R=54
The critical gwth cecrding to the actunl durnation times
is:

OmledeBedm 10m14=]jm22w2 Jndemd Sulbmd Jum 32w Omd Gu50nSden
595=56=58=59

4.4 Observations and Comments on the Critical Pathe

1, The totl proy.ct durstion zs de termincd from planned
activity durctione is 68 mcnthe (5 yenre and 6§ months), while
the actusl project dur: tion is 113 monthe (9 years and 5 months ).
The duration times of the "acturl” network are in effect the
actucrl times only for thc activitics performed until the time
of writing this rcport, and estimated from there on, The two
durations are to be compared with the initial cxpectation of
24 months for the period betwecn the time cquipment is ordered
and the time full sapacity operation is attaincds The great

* Informetion aboul the expected total projeot duration is found
in rofercnoes [1:80], [3:5], [5] and [8].



d1sere parey among . tnp CLENr s ardacnt o ot f Llwing:

Lo A luck f roaligr g the wnati 1 oyt A the
Progect durtion, T itapt -, . er et g
Octobr, 15, wl te “Xpect by wirsh, 0360,
thet th ore oot will ~nd own Lty lyz op < rly
Lped s oo, unrs “distic,  In o watiticrn t the
fret thict the canirur time ot S1EN LgPewmipts
with cquipment suppip. o (aetivity 23=dd ) 1 1]
monthe from the otart ¢ the pro ety tnis tim
hes boon undore Ftimated, or sore procia ly,
neglocteds kvorn whor the time s Lisreg.rieg,
thre sbiil rortine A muonum of 7 (AP -inus
31) menths froe the time th WPe.mert 18 s1gnl
unti]l fujl capicity 1s “ttuin.d, This 18 1 vivii
demonatritiog 1 th vetentisdl benofot of TPM,
Had 1t boor “PRElecd o the antard cstircites of
the pre ot {.rition Wits the awe f the Aste then
aviilonle, omor reclistie cetm ot f the progect
dur:tion would v boen cbtringd,

be Evin though o CpM stimate bascd on plann.q dur.tions
would nav. beorn el-acr to the 2ctual durstion, the
Afforones botween the  two 16 Btill larg. cnough to
raisc som questions. 4 mope dotarled treatment of
this dincrepancy will follow ir the noxt chaptery
how('vcr, it may be notea at this point thot the data
riveal that cither the Litinl catimates of the
activity dur-ti :ns wer. indceurate or the controls
over the implementotion proccse wer. inadequnte,

24 The critical orth rop planred durctionsg 15 oartially
different from that for scturl durations. The difference lics
in the activitics between events 24 ad 55, However, it may
be remarked that the actual critical path had o slack ¢f 2 months
in the planned 1€ TWOPk, be tween cventy 24 and 55, Hence, it
was the subcriticel path for that nctwerks  On the other hand,
the eritical path ~ccording to cstimated durntions turned out
to be a path of 39 weeks of slack between nodes 24 and 34, and
32 wecks between nodes 34 and 55y in th¢ actual-durations
network. This implics the need for considering the suberitical
paths along with oritical paths, during the implcmentation stage
of a project,

3¢  Another point worthy of examination is the cxtent to
which the duration times of critieal (and suberitionl) aotivities
arc wader the control of the company. A rough dividing line is




- 4'-‘\ -

whe ther the company itsclf 1s responsible for the exwecution of
the activaty .o gquestion or som other organisotion 18
resporstt lue  Jther caardoermtions influencing thoe degree of
control ~t the compony OVer the setivity durations am also
import.nt, .d will e treated somewhore clee 1n this report,
Hore we find thet out of 21 criticil nctivities wn the planncd
ny tworr 16 werc under compony contral, whireas out of 23 eritionl
activiti ¢ 1n the actunl ne twork 14 were under compeny control,
Thig me.ns thet most of the critical dulays cccurred in
notivitics for which the rcspongitility of vxecution lu2d outside

af thc company .
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Clin PTER s ’! 2

Al ArYSIS OF DELAY

2¢l  Dulayed Activiticg

Out of the 9 rmtivitioq of the | rog Sty I suffopca frem
delays Theae ar lietog in Trble (2) belaw, Jcleys can e

claseificd acceording to. whe the r they -po;

fe critical or nrneriticnl: Criticnl d.lwss are
those whioh rorult ip - de 1oy in the fin-l
complc tion time of 1% ProJeect, Dolye an
eriticnil activitius ar  thus critienl 4clays,

be  avoidable ar wnavoidable - avoldrble delrye ape
those which could have beeti provented 1f c ptein
“ctions had been taken (or weided ), crsenticolly
by the company, but ~lsv mor. . nerally by other
parties interestid 1n the srogeet, such N the
government,

€. oompeny-ccused or outsidu-causid: Jpending
upon whe ther the activity has been porformed by
the company or suboontracted,

de. slight or major:  Slight delays are thoge which
extend the finish tire of an netivity beyond the
lateet allowable finish time by only =~ negligible
amount,

€e starting or implementation: Dclays mny occur in
the starting time of an 2etivity or in its
performence time, Apcin, delays during performance
may be in the form of slow progress or
interruptions and temporary stoppages,

fo proccdurtl or physical: Proocedurnl dcloys arc
those whioch occur in activities connccted with
Paperwork, studies, legal actions, ncgotiations,
etc., whereas physical delnys are thosc which
ocour in activities involving physical stups
leading to the final construction of the project,
In general, delays oan be classificd in more
detail according to the type of activity or
Béquence of activities they hit; for examplc,
feasibility stulies, financing efforts,
mnuficturing of equipment, «tc.
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DELLYED ACTIVITIES ;

(1) (2) (3) (4) (s) (€) (7) (8)

Scrizl  Actawity activity Description Planned actual Delay Actmal Planmed
Nusbcr  liumber Duration Dur.tion (Months) Total Slack  Totzl ,
(months) (Months) (Nonths ) Slack :
(Months)
1 311 Mvice foneibility study (raw 9 23 14 16 19 4
moterinl ]
2 151 1n.lige raw meterainl study 6 58 52 16 37
3 13«55 Ex,cdite construction of ut:litics & 9 1 82 8
~r.d cunncction of power line to gitc E
4 14=19 Study . Ynt ang ccuipmont tads P4 li 5 0 0
[]
o 15=1¢ NoF tinte ard funalize agrooment 8 Diecortinmd - - 21
hd vith wternitioncl firorolors
[ ]

¢ 16=51 aCqiire sovernmrnt Lpprovil on ine 2 -— -— - 21
t. r. tional firanciz! orr.noments

1 13=2¢ Neg tinte with Ladiors ana roke 2 3 1l 0 0
pre aminiry oreorent

8 Py T Sup: liers produce first ¢ rsignment 8 24 16 14 9
of ~quipmcnt

Fin li1gc plnt layout zna design 2 7 S C 2
of building:

W
f
o)
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10

11

—
av

2t =9

Soedr

RIS

wp-mj,

. a-
Somt)

dl="0

Sl=be

54=5%5

Finnlizo and v1en civil work Cune
tract with vquipment suppli.rs

Supplicrs produce sccond vquipment
congsignment

Supplirs produce thirid . Julprment
cnsignment

Cliar firet guipre: t Cln8ignment
t curtoms, inepoct od tronsport
to 51t

mstalil ro1l, tr o ck ~ud rl- tforr of
w,w...‘z.,.nww..,wwt,&v

Tliar ani inepcct socond vquiprent
consignment nd tronsport te 81 te

Cle~r 2nd inspect thaira ¢ quipment
coLslgiexnt nnd transport to o te

Svik furtier firancing

Settl: disegrc.mcnte with contractor

(4)

(5)
11

23

23

12

(VY]

16

(6)

n

N

5

(7)

11

16

22

(8)

13

15
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the total progo ot complction time of 45

mer.th: (113 = 60 = 45 morthe = 3 yonr: nd g months ) eo for,

el oxamin Ltion

oo ouenticle IY owid

Tttt nsture 1 delys ond thelr causvs

Juo provide anformation wad insight

whi ~roomoy holp an the wvetares o f future deluys.
Hed Critiz.l Dolys
The more ocuvicus tyse of critionl dela, is thot associated

with the "ctivit.ce which .roe on the eraiticl path of the nctunle

1ur~tion nctwerk, A
(3) Lo Lo,

Scrinl Activity

Numb. r Number
1 14=19
2 19=22
3 25=26
4 26-29
5 29«32
6 40=49
7 54=55

Tiat f *liee metivities 18 siven in Table

TABLF (3)

CRITIC.L EL.YS

scription Delay
Months

Study plant cad oquipment tids 5
N g.tiatc with bidders and moke 1
preliminary agreemcnt
Fina.ize plunt layout and design 5
of buildings
Finclizc and si1gn civil work contract I
with cquipment supnlicrs
3upplicrs produce sccond cquipment 9
cunsignmunt
Clur and inspect soecond cquipment 2

consignment ond transport to sitc

Scttle disagreements with contractors 16
41

It will be observed that the sum of dclays in these oritical

activitics is 47. Rucalling that the total slack in the planncd

nctwork of this path is two months, we find thot the actial total
dclay is 47 = 2 » 45 months, which oonfirms the dota given above,

Although delays in the seccond and sixth activities in Table (3)
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are sign.ificant in thtmsrlvcs, they -ire alizht eorparcd to the

other Activitics, and ernrcquently they nrce npet going to roccve

the eame dugre. of attention in this stud
eritical delaye,

¥ ivern to other

The fact thot critical dclayg
actunl longth or the
that i1f tl.oe.

nre theuo which cuntrol the

Projoct durs not for.sh-dcw the ruwlization
activitice wore nnt d- leyed, the
st1ll have suff red from considertl.

project wonld

hindiranc.s due to oth.r

delayss For cxample, g gquone. J=ll ~nd 1157, with = total

delay of 66 months 1s only ~bsorbed by 3/ months of total planned

Villg 29 months of lelny to influence
the proj.ct compl.tion tim .,

slaok 1n wctivity 11=57, i

In order to find out whether the dclay in an 2ctivity, or

1 scquence of activitics, could hive been o couse of dulay in

the projuct, we may comparc the delay in the
total slack of 1tg activities,

scquence with the

If the delay in a single activity
is grcater than the tot.l alack of thc activity then this

activity
is one which might have controlled the

brojeet duration had the

duration of oth.r activities remeined unchangeds  We will call

this type of di:ley "subcriticel deley™,  If the delay in one |

activity is lcss then its total slack, Lut the cumulative delay

in n sequence ig greater than the tot:l slack

of the last activity
in the sequcncc then the sequence

has suffered from a subcritical

delay. Of the 18 activitics in Table (2), only activities

nucberud 13«55, 30=36, 31=50 and 41-50 have not suffercd from

either critienl or suberitical delay. Their delay is actually

unoritical, implying that if cach of these activitic
at its carlicst start time,

8 started

and was delayed in its implem:ntation
timo by the actunl amount it did, thc

complction time of the
project would not be any later than the Plenned, provided that

all other nctivitics are not delayed. This classification will

help us in identifying the activities which should have received

extre attention from management. They are primarily those listed

in Tadle (3), but also, to & slighter degrec,

ell other activities
in Table (2) except the four activi+

.78 whose dclays are
It should b noted, though, thot & number of the

wmoritical,




suberitical delays may have boen the roault of the luck of

pregaurte t finish the progeet at the originally planned dote,

5.3 Cthor Classifications of Doluy

4o tegerization ~f o ocortnin delty e te whether 1t e
avridetle or art deprds apon the couses of the A lay. fauace
of delrye will be trestid 1o *hic nexi geetion, and it will then
te prosibl teo 1dentify cvoideble pd eompany=cnused delays, nnd
to determine whother the del y cecurred an the stort or the
implimentation of the ~ctivityve The emphoais will be on delays
which are not slights; tl..t 14, those which excood twe months,
The r.nean is thet the tet 1 4 lay is coused by the accumulation
of 2 smell number of leong iclias, and the cumulative cffect of

slight deloys 1s noepligible in proportin te the total delay.

It is obvicus frow. Tuble (3) that the critical delays
oceurrcd in procedural ns well os physicnl activities, nnd that
other than in the first two activitics, retardation took place
in activitics performcd outsii. of the company. As will b seen
later, this doed not imply that the company had nc control on

thuse operations,

954 Couscs of Delays

Starting with critical delays (Tablc 3), we obscrve that

thoy ocourrcd first in activity 14=19, "Study plant and equipment

bids"s The time of thiu coincidus with the time the govornment
(the former military rcgime) interfered with the decision of the
Board of Directors concorning tho selection of th: best bidder,
For some reason, the government was in frvour of company F,
ageinst the advice of all consultants, and the discretion of
managoment, and in spitc of the fact that company P hnd not
submitted any offer by the closing datc of the bids In order to
allow company F to entcer the bid, thc government put pressure on
the company to cancel the submitted offers and rcopen the bid,

The board resigned and another wes appointed, whioh then submitved

to go;remment pressurc and repeated the oycle, finelly seleoting




company F's off r. The gove rmontts nterts poner ~oat ooy
company five monthg of dcloy and the b yme £ nn unpr forpog
Off(.r.

Mluys 1noactivitii s 25«26, 2.=32 ~nd 24=59, totallin 3C
monthg, have Loen cuused, or -t lo-agt partindly causcd, by
cempany Fo  The most nrorgr. nt 2d rost unwarreant. ie lay
resulted from the intreductien of “etivity 54=55, "SCttlo
disagreoments wyth contrictors®’ whinh w- r.tur~lly not
anticipated in the orig:n-.l plan of th pProgeet, as ovidenced

by the fact that i1t Pluined duration wae ZCro,

The threc scrious delnys mentioncd ~bove 22n bl attributed
to the choice of an incapable compar;, , ~nd ti. signing of an
inadequate contract with the cempany, The centriot did not spell
out in detail th. rcsponsibilitics of company F, the penaltics
to b imposed on it for foilure te carry cut itg r.mrponaibilities,
and the allocation of cests among the NCC and company F. This
8ave risc to slackness on the part of company F ~nd disputes

bectween the two S8ideg,

Critical Activity 26-29, "Finalizc and S18n Civil work
contract with cquipment supplicrs", wag 1clay.d by 5 months,
delaying thc projuct complction by an cqual zmount, This confirms
the chairmen's opinion that the cigneture of that contract had
been postponud for too longe This was a Joint rcsponsibility
of the NCC and company F,

These facte, however, do not minimizc the importance of
other subcritical delays, thc most important of which can be
classificd under two broad catcgories;

&« Raw moterial studies: the success of the whole project
rests upon the cxistcnoc of purc limestone deposits, in quantitics
sufficiont to supply tnc plant, when working at full capacity,
for a puriod et lcast equal to the economic life of the project,
Until the present time, this problem has not becn completely
solved, Samplus of deposits havc been taken from various arcas
arownd the location of the proposcd quarry, but none have so
far proved to be completely satisfactory, and thosc which have been
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cuisidercd s gatisfactory, have not yo t proved S0 Wooan
sufficiont pwaititices  Therefoare, although ~ctivities j=11
and 11«97 do noet proecnt tnomselves an the e twork ap critical
activitics, the 1ollaarn, tacts vyt be rooxenod withg
setivity 11=5%7 has alroy ust up ate Click oo lnte start,
wnd
the ~ctual tive tor :te completion s partly cotimated and
is suby ot fo gr oAt uncortonticos,
These focto indiente oo peasibality that the row miterial studice

Sy st11l couse a dern, un th faad progect cempletion time.

be Funmncug @ 1f orte: etivities 15=18 nd 1751, connceted
with the nogotiation and fincdizetion of int rnctionel finnncing
wgreementa with [FC na INPRESIT wnl the acquisition of governs=
ment ~pprovel of therm vor  shown on the notwerke s alternatives
to loonl finencing sehoren, znd therefore 2e onoot vasential to
the completion of the projeet, In ronlity, the torminetion of
cfforts. to reach nwreoments with internstion:l fwnancicrs harmed

the praject 1n thiree ways:

(1) It lcft the prebler of financing still mmsolved,
Indecd, activity 5152, "Scok furtiicr financing®,
would still be nccded, but the amownt of ndditional
financing would heve buen liss and the probebility of
obtaining 1t higner,

(2) It raised the coat of financing, ~s tuc tcrme of
IFC and IMPRESIT were better ther thos: of local
financiurs,

(3) It deprived the company fror an importunt source of
tcchnical cesistance (raw muterial studics and
managumnt know=how).

Besides, it incrcascd the forcign currency burden on the govern=-

ment, Tho disruption of the negotintions canc as a result ofs

The failure of the company to producce cement at the
cxpected time. This rosulted in thic loss of intercat
of IMPRESIT, whioh necded the cement for dam
oonstruction according to a specificd schedule, The
withdrawal of IMPRESIT, oouplcd with the NCC's choice
of company F, and thc dragging of the project causcd
the IFC to losc foith in the managument of the
prcjcet at that time,
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The ar-bility or th, fompiny te doemonsten e 10,
Lxigtence of pupd bam_ostor. deponite ar. ke gun b
quantitics, vy though the [0 show d amyle

inter st g, wvertigating the raw at rrnlosatustaon,
il owent ns fur ag pw Sting Lo this rooeoipeg by biring
a1 consulting fipm,

All t‘h‘. B Cunsideritions soint b 4 tralure of th cumprny
to support rrw mbtrinl roactreh on o econitinuous und cunsiet - nt
basis a6 i mrin roagop bohind 1o mability 0 find & sclution
to this problem ~t AR arPly stoge of inplome  t-tion procese,
and its precont financinl difficulty g, ZTooperation with the
Ge8uDey as ~ locil WenCyy, £or thes =tudic. wee Jozirable, but
complete relivnee on it At some lator sty o the study was

unwise beczuse of jtg liritod eapabiiit,, S

Company F t.nded t. ut the blame on 102 beeause ol 1itg
latcniss in the construction f the frcilitics on the eite,
However, it is vbvious from both the vlanned =nd actual nutworks
that construction cetlvatics ~re rot part of any criticel path,
and that their delay hes not cousod “uy hindrance t- the

completion of ti projeet,

It 18 the opinion of the author that the planncd activity
durations arc vxaggerated raticr than underrated, since many of
tae activitice could have been accomplished in a proportion of
the tim 2llotted to them had they not been subjucted to the
impcdanccs they cncounterdd, Examplis are in raw matcrial studies,

financing «fforte, and ercetion of cquipment,

5¢5 Corrcetive Heasures

Inasmuch ag delays have startcd with appointment of the new
board in March 1963, no attempt to rcctify them has been mude
until the original promoter of thc project rcturncd as chairman
of the board and menoging dircctor of the company in March 1965,
He had alrccdy inherited many problems. The stcps that he took

4 be summarized as follows: '

8, Construction work; He made a rcassessment of the
situation, and determincd the amount of work th-t had to be done in




srder to me t o deadlines boyoud which the comicay had to pay
prnsltioo b company F. ns hardly any werk hed boen acceomplishod

£op the preprr.tion o« f the site, he initi tod tweke loadieg to

the connecti-r f cbootricaty, the conptracti n 1 Wemporary

prw r unit , th trnoporu.tion of the firat CULPmLE L CURE LgN=
mont to the aite, med e ArC 4 amperteten F rthur Iraw

avitePindoe

Fl ncing:s a8 o roeult o ro-s v-luntyon of the capit~l
rogailomnoe ol the progect, t.0 cloapmia. of the board discoverud
~n inerm age f sbout one million Sudancst pounds in th cnpitil
foods from LeS. 2.5 tallion to LeS. 4,5 mll.on), us a rosult of
the 1nerc.wrd prices o f row ab rinlg, incr.ascd wages, accumulated
anpaid intorente, and ther © mplicntiings Ho thn I aume.d his
eonticts wath the IFC & rovav tihe pportunity fur irternational
finncing, ~nd coived 1itinl cncourngumnt subj.ct tc o proof
of th cxistence of ~dejunte limestone, Purther rosvarch intco
thig area wes holtod due U he absonce ! response from 3.8.0
Wien the 1FC fincily gave up a fans neing tho company, the
cicirman turned t o the governmont for loeal fruancinge The
governyent inetructed the Industri.l Board, the Inductricl
Dev: lepment Orgealzation, ~nd the Comr.rcial Bonk to provide loans
for the company, .nt unly 2 portion ot the promisud funds were

actuclly deiivercds  Thit left the finnncinl problem still unsolved.

ce Ruw materinl studics: ofter the G.S.De had icmonetrated
its lnck of intereet in pursuing it lim stonc studies, the
company planncd » two=etoge study, ti. first aiming ~t discovcring
gatistrctory limestunc deposit in guintitics just sufficicnt
supply the plent until the sicond ctoge of the study is completcd,
which ~ims at aisc.vering accuptable limestonc in the quantities
required. The company met with initic] success in the first ~tage.
For the nsceond stage, o reprosentative of the Britisk Institute
for Guclogical Scicnces took a gooi sample of the deposits,
togethur with all tlic previous raw ratorial studics, back to his
home office for closer investigation.. The report was cxpected

by the company by the time this report was written.
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In summary, off rts t ae wlertt. the progoat camnletion

were ampeded by the Tigintl behnviowr . f the progect

implementation,

5¢6 The Cost . f D laye

The cost of dclay is th cost of
result of the delay,

cpportunitice loct ag o

In genoral, op;rortunity =osts have Leen
classificd os there of

e ticdeup capitnl,

b. lost crrning opportunity, and

Co immobilized cearec regsurces.
Applying the basgic concept of cpportunity cost to the progject
under consideration, we find that had there

been ne dclay in
the exceution of the projgect:

(a) The company wouid hav. enrned income corresponding
to full cap eity production during th. pxeriod of
delny,

(b) It would hav. saved in construction costs.

(e) It would have been able to take advantrge of
better financing opportunitivs,

In the opinion of the author, no additional account should

be given to the cost of tied=up capit:l in addition to the loss

of earning opportunity of thnt capitel, cxpresscd in item (a)

al vej othcrwise, such a cost would be cocunted twioe in two

differert ways.




ne Lot Lerning Oppcrtwaty

™ enan bo compated ns follows:

le Find L. enrnangs lost fur cvery yeor of
foiay by subtroncting the totel annual
CXpronsos, not neludan, dopre ciation or
th ¢t of eapitl, fror the totel annual
r.v.nue, sssuming tii t the project has buen
working ~t full capacity during thone yuarse

Ze Detuermining the worth ot the not earnings
at - certein poant ot tiae using an aporopriate
dieciunt ratce  That point my be the beginning
¢f the project, its plunned end, or ite actual
end. For the purposc f this study, the
accumul:tcd lost carnings at the actual completion
tim ~f ko pr oyect will bo computed,

R(.VLIIUL :

The fiet.ry pricc at the atbara clant 18 105.00
Deutsche Mark (D.M.) per ton, and 1t 18 bolicved that an addition
of Doko5 to thot price t¢ acceunt tor savings in transportation
t buycrs from the fobok plant s reasonnblece  The sclling price
of cument at the Hebak plant cap then be uvXpected to be D.M. 110
per ton [1:107]s  Using a transfer rote of D.He 11 for each
Sudancse pound (LS.}, the pricc f cemnt will then be LeSe IO/ton.

For 100,000 tons per ycar, the total rcvenue will be L.3,
1,000,000/ycor,

Expenses: [1:105]

Raw Matcriols

Limestone and clay D.M. 13.60/ton
Gas cil for rotary kiln 19.80
Diesel oil for power plant 7430
Total rew mterials D.M. 41.90/ton
Labour 4,70
Overhead (othor than machinery 3.00
and oapital cost)
Total oxponscs D.H. 49.60/ton

or sbout D.M. 50/ton

This is oqual to 50/11 = L.8, 4.55/ton. Totcl annual expemses
= 4+55 X 100,000 = L.8. 455,000,




Earninga:

The lont CArnIngs per year of dulay are ther equzl

1,000,%0 = 455,000 = L.§, 545,000

Toxes have not beer, taken into aceount because :f the

government's policy of “acourtging now industry.

b. Incrcase in Conatruction Cats

By increesing the projoct implementation kriod, a
company pays wages and galaries to the workers and emplouyces
¢ngaged in implementation for a longor period, and incurs greater
expensos for the equipment -nd scrvices 1t uscss. Besides, it will
probably pay more for materiale ani services as the trend of
price and wages is gencrally on the rising side,

In onc of the reporte of the project [_5], 1t wae cstimated
that the capital cost of the Projeet has increased from L,S, 24
million to L.S. 3} million, or by the amount of cne million, as
a result of delay, apparently this (stimotc was basci partly
on the accumulctcd intercst on the capitel borrowed, and partly

on the increasad cost of the projuct, It is again the author'e

opinion that the accumulatcd intercet on capitnl, as well as the
cost of ocapital, should not be counted 25 part of the cost of
delay, sinoe such intercst would have been prid out of the lost
earnings whiol had tlready been oounted as costse The increase
in capital neuds as a result of nccumulated interest will be

taken into acoount in the fcllowing items,

The exaggeration of tiw estimate of onec million pounds by
inoluding the increased cost of oapitil is offsct by the fact
that that figure was ronched when the delay was only 20 montha,

dn increase of 15§ in the oonstruotion occsts (other than
the coste cf equipment and machinery whicii come undcr the
contreot with company F, but including thc cost of transportation

equipment) due tc increascd wagos and prices would be a
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Th erst § frai: iter 1o hard t o aseesse Twe cxeodlent
foroncing opperturnati o 4 D0 ut IMIRESIT) were 1ost v the
c muany 2 ¢ result 1 sty clow roto of eshiovemernt, A 1 result,
tie curpany rooortot t L ont firaoang witn afforent antorest
r~tes and terme fopaymont (pavment to IMPRESIT w uld have boen
ir. cement)e The moin cuts v oot trag 1ot ~ppertun:t, i the
puresistuiicc the problor 4 finunclng which has coontinued to
plague the company - reev atill throaton to rosult i morc
delay. An oimportirt offo ot f camulotive atorost 1s the
incercised capital ne.dir f the progoet, which further cormplicates
the problem of finnncinge The uxtont o the combined effect of all
theee fact rs 1o agean dofficult t stimotes Ther £ ro, unly
rteme (¢ and () 1n the coet of delay ar ¢ oing t b tiken
inte considernti on, with Jue rocognition of the importance of

1tem (c)e
de  The Total Cost of Delay

Prom the above aanlysis

Total .nnual Cortss

lost varnings L.8. 545,000/year
Increascd congtruction cost
duc to idle rerources 28,000

L., 573,000
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PN 00 x ‘;0‘ = Losi 2.4/‘3.)(-)-

To thit figum shoul 1, “laed the anep g tnoconotructy on
custe ag © oLyl oy BT Ge opried, ang WS,

Tl ot f Ly = $ydC3, 3+ 1et, 0% = L,S. 2,583, 30C

Comparing t! s figure t tig Vgl cstimated eapyt- ] c et
of LeSe 2.9 million, we find tlat 4 coet f llay e very high
indeud, Cepeernlly whon ke ants ¢ neideration the o sulting

financing problems,
46 the author boli,ves WLt the progect couly huve been

planncd 2id impl. mentel te b complotod

Zt lemst 15 months ahced
v Yoo vtal Uclay shouldl be countod, in
opinion, as 45 + 15 = 60 menthse  The
sh.ull be:

of tie planndd puri his

rofore, the crmt of delay

513,000 X £u1 4 120,007 « L,s, 3,615, 300

*  Tc find the cumpound worth of a suries tqual annual
Payments, over n yeors at the rate of intercst i, the annual
Payment ie multiplicd by the sinking furd factor (1 + i)F = 1

1

The factor in this 1 by intcrpolating for n-33/ 4

vquation 1s obtaine
betwoenn-3andn-4.
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te The 0 st f xlay t the Governmnt

i alation to the liability . the govornment as an
urderwriter of the company's lcbte, it anecurrcl tho following
1 8.8 1 1t5 £ 1 Ly CurT. @0, Iy are. st

1. Th impurtataen o1 cement vgu.l to the preaduction

otk cotpeny (100, 00 tr'r‘..-_;/g.mr.r) lurar: the
yo.re £ dulaye .nnual coat as: LoS. 1,008,000,

e Tr. z24'itionel intoeost pal. o foroign financiers
(in this cnev, company Fe

f. Incilentnl Coats

In ~ddation t. thes couts, company F elains the
amount of L.Se. 134,000 for increaged coste due to deasign and
implementation crrors, and tor lisputed nctivities (soo
activity 54=57). These udditional costs could b traced tc
iradequate cuntrecting and inadequate implumentation by
bcth company F and the management of NCC during the military
rcgimee  The prisent management buelicver that 1t can cut down
thesc elaims to abcut L.S. 3C,000,
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factivities, or
A frogect, thopn 4 stads of tela, sn-oala inclide a consideration
°f both the plinned and actual duiatiore of ke 4 “tvitien,

In a leveloping country, errcrs in ectimtin: the planned
durations, ag well ag ire’ficiencies 1r, implementation, are

apt v be cauces of ar ohservel delay,

I't i1s thue ~leapr thar delayn are detormiped by cumparing
retual implerentation tires with tires whiol are estinated ag
“poropriate too the company and e countiry in question, and
rot with any feroipn or irternational standards, whacl may not
be relistic as fur as the particular Frigeet is concerned,
However, international ani foreym standards arc often useful
as guldelines for estimation, references for economic comparisong,

and standarde for which actual achicvement is cought,

6.2 Comron Cruseg of Errors in Estimation

A number of factory contribute to the vbserved errors in

eatimation, most important among whicli arc:

Ae  The penerel inexperience of the people engaged
in project planning as to the total needs of the
projects in terms of activities and resources, as

a result of their limited knowledge of the industry
in question,

be  The lack of knowledge of planners about the
techniques of precyect planning.




Ce The limited 1interest of managoment ard planncre
i rigorous and scientific planning,

It must be roted here thet crrops in eotimating projeet
auration may 20 bty vave, althouygel they are usually on the

wmder-estiration si1de,

6.3 Comrien Cuuscs ~f 1w lay

as Activities under Jompivy Jurisdictinon

Absence of or anadegquacy of planniag.

irability to foresec difficultic=s which could
be antieipated.

low productivity ard inefficicnt use of resources,
pertly due te the low gkill of the people and
partly due to outdated pructices,

Scarcity nf resources, resulting in a long lead
time for their renlenishment, replacement,
development, expansior. or acquisition, in
adiition to a higler cost of doing that, This
applies more specifically to capital equipment,
human skills and rew naterialy,

The high rate of uncert:inty associtted with the
timing of the accomplishment of any zct, or the
availability of any resource,

The rrequent need to go through a nultiplicity of
channels of commmication for decisions and
approvals.

The cffect of the "Psychology of Delay". As soon
ag delay is kinown to have occurred in a critioal
activity, people workinz on cther activities which
may not be so critical tond to feel uncompelled

to complete their tusks on time, with the resuls
that further delay may be oaused by this attitude,
which again couses otlers to slacken thcir pece,
This ohain reaction may continue until a general
atmosphere of tardiness dominates the implementation
of the project,

Confusion of political with economic goals, This
has been amply demonstrated in the oase study
previocusly presented,
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ULAY PRIVENTION oND COHRECTION

"ok Allociition of dusp nrabilaties

In srd r *u* deloye in progect imnlomentotion be avoided
Yofore they hoppen, wni juickly rimeticd after they occur, a
clear definition of responcibilitics, must bo madr, Whether a
progect iz publie or privote, onee the board of dircctors is
feroed, 1t conetitutes & manag mert group which should be held
responsible befor the governmnt or the larchclders (or both
n mixed project:), for *i¢ success of the construction and
cpurntion of the progects If the covernment fcels that = publie
or mixed progect iv of sueh ¢ nature that 1ts clos. supervigion
18 nevded, ther this should be reflectel irn the composition of
the board morc *thon an 1t- relationchip with the board after

ite f.rmation,

For rogpongibilitics to be meaningful, the goals and
obpeetives of the project must Lo cloarly ldefined, This will
make 1t poscibile 4o csgtablish the project's mensurces of success,
and necordingly the manapement of the project will know what it

is respongible far,

Once objcetives and responsibilitics are determined and
made known to cverybody concuricd, the government (and perhapa
also the sharchclders), must give as much frcedom of action to
manegement as pessible within the legnl, social and economic

structure of the nxztion,

7.2 Preventivce Measures

The followin;; actions are suggested as measurce vhich are
likely to help in preventing the occurrence of delays., They are
all based on the proposition that the more cffort is put in
planning the l¢ss is necded for implcmentation.
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3o The dovelopment of nodet 1 d 1qe1 of all the
wetivitien roujipod i crmplete te pp, ict, The
List should sje <1fy proccdence o L tionghis - meng
the “ctavity o, frine 1o th firct oty i the
npplicntion of I twori etvity ncanl, i, For o
compriheasive it of th, hen fits of thg wehtilqu. ,

s8Ce Scetion 4.1,

e The deterioinstion - f setimatos of netivity
duritiors bas.d on oo cureful study of - 11 the
available roleve ng wform tione  Thir my require
efforts to imprwwve the siill of 1l pl".nr.ws*, or

the use of outsy.ie cunsultants, or both mensare s,

e The application of tre Critical Peth ‘cthod

(CPH), or PEAT, 1r. order to fing tie minimum projeoct
duration, the critien] pith(s), the suberitienl path(s),
and different cetivity slocks,

de  Sctting - schedule fer the sanrting ad comple tion
times of netivitics. This task involves th distrie
bution of total slack among slack netivitivs, and the
allocetion of resources foar minimur cost, wiste nnd

de l’lyo

¢e  The esteblishment of o cash flow budg t for all
the yorre of pro ject implcmcnt:ztion, to cnsure that the
financial nceds of the project will ne provided for at
the right times.

f. The proeisc specification of the tunder requiree

ments,

& The careful charting of cortracts between the
oompany and the subecontractors,

he A proper sclcction of the personncl in charge of
the project at all levels, lctting the technical and
Purformance aspects of the choice dominatc the

politioal aspects,
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ie The incotillation >f a metivational syetum which will
erocurage the peuplie wurking on the wmpliment:tion of the
priacct ¢ complete 1t in thu shortaut pogaible time,
This wiil 1nvelve tne scetting of 'y incentive plan

couplod with punnltivs fer dolnvs,

Je The e tablishment ' f o informe tion aystom which tkes
clerge of ~toring releveint inform.tion for use in the
future, i1 order tc amprove the fficiuncy of preject
planriing nd implementetion sna avold the roepetition

’ of wrrors,.

T3 Eotublishiing Controlg over Im lcix nt-ition

The preventive wogures sugecsted .bove can only be of
value when coupled with oo control pystem which will unsure the
applicetion »f the nensurca, c.ud whiol will enable management
to corre.ct del~ys na soon e they ococur, in order to minimize

thair effect,
f comtrol ayeter will involve the following:

Qe A fecdbrer systen which (mthe =8 and develope

informatior. bout:
startin; and threct dntes for 21l cotivitics

day=-by=~doy reporting of the currcnt stotus of
impl.mcntatior

the availsbi'i4, ~f 'k diffecrent resources and
tieir degree of use by the projucts Also, any
soortage in thoe resources,.

BN

elternative courscs of ~ction which muy be

regorted to 1n cases of emrgencics,
be  An effective decisione-making sy ntcme With an cfficient
information collcction system, which provides the required
information at the right plnce ¢t the right time, i will de
possible to move the [oint =t which deccisions are made against
problems of bottleneoks and uncxpected occurrcnoes as far
down as the manngerial hicrarchy as realistically possidle.
This, in turn, will help in guaranteeing & quick response

to the problems,
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Co An ¢ fficicnt rommun oo tion oo buslt (¢
th syntem in urder to YIS quick trogsfiop r

infurm-.tiorn -nd instructiHrg,

d,. Aoyrtem of ¢ llow=yup - f *p wirt. of  upe ntroatora,
It 18 of te r ndviinbl, for the oomp 4y b g il ootenr op

1ts GMRLne o techri~1~ng or. VP'.mlx'.g frogrommeg iy,

the plarite of the COrpr 1o, 8 SuUppl i ing the wehiner, rd
equipmente These Jople g nlge frlloweup n the

schedule: & rrnyuf ~t . “ocoulpmert, When jrocegs unlyty
contrul 13 revded ¢ p the - 3uiipmw Byt eunpany

reprogerntc. tivig ~gp w0 3. thet nt g supplicrs® plaurtg,

Ce last, but ... lst, the wans mont 4o chould
euntinunil, show 1t Petoan the speod ~e whizh the
projJuct 1s implem ntiq, They could 4 that by the
oongistént -~nd fnip Wpline tinn of +n 3ystems of rewards

and punishmentg,

PR AT T
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CHAPTER (3)

GIFORM.TION SYSTEMS Al JICTSIN=MAKING

3.1 Intraduction

It w.a mntioned n the 1.t ehpter that control required
th. cxastence of offitiont wnforn.tion, comunl cation and
decisiunembing systumae In thi: chapter, w will discuss how

te dusig thoee gyt s,

¥.2 The Information 3wstunm

The miin function of tiis aystem e te colleot, process,

and stor. the information reguired for planning the implement tion

of the project, for following up th. progress of implementation,
and for mukin,- the npproprinte decizionss The inform:.tion given
below is either requir.d for or diveloped during th process of

implementations It 18 listed ~ceording to 1ts mein usagu

a. Preparation of the Initinl Study for Bidding Purposes
i. Feagil:i lity Studies

Product information: jquality churacteriatics,
pcrformance chnracteristios

Yarket irloramtion: acouptability of product
qurlity, potontizl market, vxpected annual
sales, scasuonaiity, long ran e trend, sales
price, distribution chann.ls, transportation
moane, export potluntial

Production proccss: cconomic choice of process,
maochinery, cquipment, raw mterials, spare parts
necds, MANpPOWCT requircments, with emphasis on
nkills

Rew material supplics: sources (looal or
importcd), assurance of delivery, seasonality,
lead time, prices, tcrms of payment

Plant location

Plant layout
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Cnpital requircments
Cish flow budget
Production ceunutics

The ~eacral cconomic desirebility of
the project (versus compr tition:  both
loeal and foroign, aic compar | with
fther channd ls of wnvestment)

Otler sooanl and politic valuce of
the project

1i. Preparation of the Tonder

Clenr vpcificntion »t minimum ruire=-
mnts i m.chincry, Cyuipment, procegs
and informatinn from supplicrs “nd sub=
ocontrr.ctore

Unambiguous dcfinitior. of the. tcrms of
oon urncte

1ii. Contr.cting
legnl terme

Liabilitive, penaltics

b Planning of Implimentation

In ordcr to plan implement. tion rcalistically, the
following informetion is necded

Activities, thoir precedence rclationships and durations,
In order to develop this information, the company could
usc oansultonts or druw upon tix cxporienoe of other
companies in the samc country, government planning
agencies, foreign conpanies, or Unitcd Nntions data

and statisticss It my also draw upon its own
exporience,

The prooedurc for applying network annlysis to projcot
implemcutation, (To be used for finding the slacks,
oritioal path(s), minimum projcot duration, and for
scheduling of projoct activities).

os Controlling of Implementation

Effective controcl of the implomentation process requires
the availability of certain information, and oontinuous
feedbaok of other information, Examples:




- il -

Implomont bt sohodule
ovioslele oo ol o Surron b uslex

Standarae o portre noe on the maan tasks

L A V.rLowe ebuvaitey

1

RPNy o Lcotur oriermea. e e o orpardd
with s adird
Jye=byedy (i armotics (v or hoourebyehour)
roportange cr o s or ot e co o gl
sentotion
nrtim o oted cxpencon b ke snd o tivitles
actunl xpenacy s ocoaper d wit. estimatd

D Imme 41t v rting f iy o arrcguliritios,
Ut X, cte b e ey e 1o ospetay bt L -
nucke, - to,

d. Pain datienal Dociarone b Y Fmoee of Imnlosentation

Pr vl r

<11 the plennarny wnd fooaber dnta listed above apc
necded wher provlems seeur an oimplo ments tion und decisions
ar. to booalc to coloet teo wppropriat. courses of action,
Ir. addaitai, th “oliowing anforem-tiorn 1o of'ten rogquir Jd:
’ o q
Any ~liitiorn- i roooursoe wiael any be avarlnbl
and thoir ¢.rte

The cort & dlay

843 The Commusicition Sycter

an adequate eommunicotion grotem is regquired to convey
inform:tion connect.d witi implemnt.tion speedily and accurately,
Such o systcm may be ernvoniently classificd into two interrelated
, parts: an intorncl systom and an cxtermal systems The internal
syster transmits reports fron lower Lo higher levels (and somctimes
horizontally) a.d hande instructions in the opposite dircction,
In the design of 2 comrmmication system, the following factors

must be token into considorntion:

Qe Informetion characteristios

Amount of information: this involves the number
of ruporte, thedr size, frequency and the type of
information thcy include
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Speed  f eomunyotyor, - LT ot o Yy
clwsificd nee 2l b 1 roaar Lo
of 1te transnaesor

Accurr ¢y of transoceici: L tr.p timirsy 1
accor-ang b owhoich i f rey tr 1o omaot o
cluaemafacd s k. reeurac, ot owro o, ot o oq
boorcoaved ot 1 g s de b u compun o taor
chunm.l

torige Pogquiro: ot f pe tisn ohould w
entifac i e te wie trerp v okouald e frled op
net

b, Claracteriitics of comrurniientico o b 1s

Mons € communicction: Lt car be vrbel croweittern,
Virtal communies ticn rey be ool o+ ey by ot lephons
R SRR 10 S VES AT SR U1 “wrse  Written communivition may
be through rtand g rc norts, Gpesinl FOPOrte, MO morane
dn, letters or o oabl -,

The cost of cact cormuniention ei.aundl

The limitntion or tg enpacity

Its specd

Its accur-.cy

€.  Dosign of communicntion syctem

The selection ot the approprictc communicotion channcl
and ite capeci ty depends of course on the charactirisztics
of information tranaferred, More then ome chrnu.l cculd he
used to convey the cname picce of wformation, for uxample,
by telephone fop speed, and then by memorandum for
confirm:tion and f1lu, or by cnble frr sbewdy followed by
A letter for detailse  The followirg guidilines my b
holpful in dvsigning ©. commmication aystoms

In order tc savc time, inform.tion should be

conviycd simultanc ously rither then in scrics
s much as possible,

8tandard reporte should be resorted to wherever
repetitive rcporting is necded,

The requircd information should be available at

the approprintc dectination at tho right time, in

the proper accuracy. The absence of informntion

my be of o very high cost. Howcver, minimization
of rcdwmdancy and cost is dcairable both economicx:lly
and in order to avoid the crowding of commumication
ohanncls and the oonfusiom of people,




Raow
Materia!
Suppliers

Labor
Market

Company

Construction
Subcontractors

Equipment
Suppliers

Figure 2: The Corgpany and its Lnvirontent




The vxtont £ tao ot L 0% SN ST RO .
MYy b approcictod w.t) th congadernty oroor R 2,
whick gh wa th, bmtinebag F 4y o Dty Wt gt

envarenient,

Bed The DucisioneKuwiig Systor

desisiong ar Seduired Whonover wor e p Wil pronlen i
cncountercd durir; o, rrplincnto i, ePoTelre n fuow oqulntionn
will have t, b Selten o Lrdor trot ruolone beorade an the

best interoe. o tie progoct,

e T vhyctivio o -t th Critaaztion

Tt as tra tho ¢ o tirct e v Lo tr
waite accomplisind L 1l MR loment ot e oA 4 Ero) oot
but of prime inorteg oo b fo16 Y Yirfwec ot tride=ntf,
also, the o comriticrn f SRy nevequin*ifinble tactera
such ag t'e gocinl wnd poltrienl erns ol pnti e, (r.co
obyectiver and t'y .. -aup e of tLar cehlovermont L
defined and ade krowr, 1t all Lo oprsciol. to pusk the

location of decigicnamikineg © fow 1o 1o dowrwnris,

be The location of doc1pis nerubing

It iy alwaye cAvintags cue fror b Point of view
of speed to locute the pointe of do visior=meking ng far
down the managerini Liorr rehy as poseibile, However, o

fow fantors are . f winflucnce 1., 414 Sdpect,

The weight of tre deeision: whother 1t 1g
strategic and involving major compray policics |
or tactical ond rcliting only tc sperational

problems

The ekill, .xperience and relinbility of the

people in charg.e

The specd of o mmunication

The loading of higher mrnagement. s top managc-
sont becomes morc busy and the spced of commumication

elows dowr, mor< decisions will have to be
delegated to lower echelons,

T™e level at which informotion related to decisione
making is avnilable




The Acpartments  f th crennization affocted
by the diersien

Cnee boclersne wee made, they must be transformed
HtC IRStructless, Pequests or nhy othor nppropeicte

metion amrcdiately, ni appropriate controls must be

used in order 0 enswre the ir i1mplementation,
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CIAaFTER (9)
e ————

CRCLUSIONS ALL ithCOMMEL in TIMNG

Jel Conclusione
M

a8 & rmgult ot ¢}, fisdingr ol e “Yaly, rounforeed by
BIMLINr «Xpuricncvs .n devel ping countreyos v he uthor concludi g
that the apilienticn  f LAWK Arelyoue, neoo simel. wad modorr.
minnooment toehniqu, oon be f grot boacfit frp o the implementation
of progects ir 1 velspin,: COurtrice.s  Evin 1 f dr ot nreonot
aecurnte or comple te, the findings rocrod 1n th or.cegs of
follewing th systomatie . ppronch PCQULred 16 B twe ok enalysis
car be uovtul in plonpang - pregjeet, Lreventing A lay 1n its

meln,mc-nt.-‘ttxon, “nd mnaaszing delay wle never 1t 13 uncveidable,

The author thus se-s an important role for the United Nationg
Induetrial Developmen+ Organization (N1ID0), in impre ving the
performance of companics in dieveloping eountrics on prejcct
implementation,  Twe main eourses of action arc rccommended fop
the UNIDO, which may cpen the way for other altermntives, Trey
are:  disscminating useful infermetion, and offcring training

programmes,

9.2 Inform:tion Dissemination

The WIDO could erganize cfforts toward the development of
bullcting ond manuala which could serve ag guidia and educational
media to people working on projeot planning and implementation,
for tho main purpose of improving the efficiency of preject
implementation in developing countrics, Examples of such
publications are:

&+ A menual on project Planning, to covcr the following
subjeots;

Definition of project objectives

Collection of information (see seotion 8.2;
Feasibility Studies)
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Meking decisions related to the planning
of the project, such as sclection of the
production proccss

Determination of the resources roquired
and thcir costs

b. A manual on contract writing, with spocial emphasis

on international contrncts.  This would be insolved with:

The cxpression of technical specificationa
Legal aspects of cuntracts

Points which should nct be overlooked by a
controeting compeny

Ce A manual on projeet implumcntations
Determination of activitics, their durations,
costs and resource regquirements
application of ~ctwork analysis, CPM and PERT
Schicduling prujcct activitics
Alleeation of rosuurces

Making aecisions rclated te implementation, with
considerition of the cost of delay vercus the

cost of accelirating implementation. An important
cxzmple is the determination of the optimum of the
projuct duration .

Detorminntion of the cost of political and social
deeisiong, £ r ti. guidonce of pclicy-mekers

d. A manusl om onctivity networks, The emphas.s in this
menuel weld be n the tochnique of drawing the ne twock,
finding ~ctivity sl.cks and the criticai path. Naturally,
CPE and PEAT w uld oo the centr:l theme of this manuel.
Othor tepics wiich ah uld be included are the cost—-duration
r. I tiongkip ool the cntimum ~llocntiorn »f rogources.
Thosnuad chorcd beoord ontcd teward use an doveloping
countriep,  Thic esald o refloeted in ooxtended

Sxkranty s ocud o chiie f oxemploes,

e A guide tonativity cstimatione  Cumparative data
st the durntion ant oo ct I typictl etiviticn may be

srrptbed btk MY, Cwmerloc ape *lo dur-tion and
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cost of the construction of

& squarc meter (or a squarc foot) of a

building

a kilomcter (or o mile:) of an asphalt or

concrete road,
Also the training period of a profiseional or a technician
in a speocific industry, or the time required for specific
government procedures, such og customs furmalitics, may
be estimated, In cosc this task proves to be difficult
to accomplish, the WNIDO may offer help to governments,
industrial companics or planning wgcrcics in developing

their own standards,

9.3 Training Progrommes

A very powcrful means which the WNIDO can usc for propagating
information and cducating people about project implemcntation is
short training programmes,  Such programmes could bo arranged in
collaboration with governnents to be offered nationally or
regionally to industrial planners, employcrs in industrial companics
engaged in prcject planning or implementztion, and government
officials connectcd with industrial projects. i two- or thrce-weck
full time or residential course would be preferable, In case this
is not poseible, an equivalent perivd in part time instruction
would be the seccnd choice. Topics whieh may be covercd arc:

as How to conduct & feasibility study; tic areas to
be covercd in the study

be How to proparc a tender and how to write contracts
with supplicrs and contractors

C. Preparing a project network

d. Criticcl path calculations
e, Time=cost trace-cfs calculations

fe Projeet achedul ing

8¢ Organigation of the project: division of
responsibilitics, sclection of personnel,
determination of the systems and proccdures
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h. Determination of the cost of delay
i, Control of implemcntation

J» Deccisionemeking in thc face of implementation
problems

It is obvious that thc¢ manuals and guides sugeested by
the author can be of great value in these troining programmes.

: The treining programmes con alsc be a vehicle for inviting
‘ l co--operation with the WIDO in comperative studics which mny be
conducted about implement.tion characteristios, information and

problcms in developing countries.
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PROJECT uCTIVITY NETWORKS
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APPRIDIX A2

CAL PATH METHOD
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42,1 Definition of Symbuls

i=J = activity whose beginning wvent 1o 1 and wnding
tvent is j

t or t.l j" single cstimate . f activity lur .tion tir

ES or ES(i-j) = ¢"rlicst activity sturt tinme

EF or EF(i-j) = enrlicit activity finish tim

LS or L3(i=-j) = latust nllcwable activity start tim
(that is, lotest ctort time whiclh
will not dclaoy the project completion
tine )

LF or LF(i=)) = lat st cllowable cctivity finich time

nr TE(i) = cariiest cvent ococurrcnce time

T, or TL(;,) = latcst nllowable vvont cccurrinee time

TS or TS(i=j) = tot~1 netivity slock (or fleat)

FS or FS(i=j) = activity free slack (or flont)

A2.2 Computation of Slack and Critienl P-ths

Explanztion of the ¢ ‘mputationnl proccdurc of the Critieal
Path Mcthod (CPY) is made in conncxin wit: Tblos 2 and 3,

The procedure is:

Step (1): Listing the .ctivitios
A

Qe List the activitics according to their prodecessor
and successor cvents, and writc their duration
times under t.

b, Introduce the dummy activitics along with the peal
activitics, giving them a durction time cequal to
zero, and ligt all their predecessor activitics,

Ce All activities rerging into a single activity (i-j)
should have i as their sceond number, and all
activitics bursting from a single activity (i=3)
should have j as their first number,
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d. in crder t. onsure thet no ovent 1s forgottens

cvery successor (vent which is listed as &
predecess r is chucked, except for the laat
: event,

: bursting cvents wiich bronch out inte morc
than ~ne activity are denotod by b succed Jded
Ly the number of branching activitics, nd

i merging cvents which arc the mecting points
of morc then n: activity arc denoted by m
gucceuded by the number of serging sctivitics.

e e e e

The procedure listed under (4) was followed in the author's

; rough c:lculatiine nnd is rot shown in Tables 1, 2 or 3.

Stcg 2: Forward Pass Computotions (Fﬂrliust)

>

e. Put TE(0) = O,

Which mcans thit the starting time of the project
is defincd as zero,

e et 1

be ES(i=j) = TE(i) all J

That is, the earlicst start of all activitios
succcuding an event is the TE of the event,

N .

b oo EF(i-)) = BB(1=)) + ¥, _;

;

! The eorliest finish time of an activity is equal
{ to ito earliest atart time plus its duration.

; de T.(i) » max EF (h=i) = ES(i=j) all )
i E
; all h

In words, this mecns thit an earliest ovent ooourrcnoce
time is thc latest of the finish times of its preceding
activities. This value of T, is then used to determine
E8 of succceding activitics.

Stop (3)s Backward Puss Computations (Latest)

a. Put '!'L - TB for torminal event.

This is a oonvention and it implics the earliest
project finish tim: without any odjustment in
activities,
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b LF(i-j) = T, (3)

That is, latest allowable finish time of an
activity iec cqual t.. the latest alluw:l Lo
cceurrcence time of the sueccelding vvent.

ce LB(i=3) = LF(i=y) = ti-j
Which 18 simply the fauet that the latest aturt
time of an uctivity is cqual ¢ its latest
finish tinme minus its duration t,

do Ty (3) = man  1S(y=k) = LF(1-3) =114
=1l k

That is, the letest allowcble occurrence of an
event is the corlicst of the loatest start times
of all its succcuding setivitics, This volue
of T, 18 then used to lefine the LF of «ll
preceedang nctivities,

Stop (4)1 Dutermination of Slack

8. T8(i=j) = LS(i=j) = BS(i=j) = LS(i=j) = Ty(2)
= LF(i=j) = BF(i=3) = T;(3) = EP(i-3)

Thet 48, the tutal slack ~f an activity is equal
to the letest start (or finisn) time of the
activity minus ite earliust start (or finish).
It is equal to the amount of timc that the
activity complction time ean be delayed without
affeoting the carlieat start or occurrcnce time
of an activity or cvent on the network eritical
path,

b, P8(i-j) = ES(j~k) - B¥(i=)) any «
= Tg(3) - BF(i-J)

T™e frec sleck of an cotivity is thus the
earliesgt ocourrence of its ending cvent
(earliest start of succeeding activitics)

minus its earlicst finish time. It is cqual

t0 the amownt of time that the activity
ocomplotion time can be delayed without affceting
the earliost start or oocurrence time of any
other activity or cvent in the network.

T.e oritical path in the notwork, according to the defini-
tion given for I'L of the end event of the network, is the path
on whioh the activities have sero slack, 1If TL is defined as
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grenter tharn its TE' the minimam clach will be positive, wherocos
if 'I‘L < TE’ the minimum slack will bu nogative, whiioh implice
that in order t . reach the required TL' some activity Jdurctions

will have to be shertencl.
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SAATACuk PATH LSS OF PROILCT KUTHCY
Pkﬁbhg DUR TION TIMWS

Activity Eiriiest Late st Slack
Numbur t (mons.) ES EF LS LF TS FS
0-1 2 0 : SO 2 n
1-2 1 2 3 3 . 1 e
1-4 € 2 & g 0 n
2=3 1 3 & 5 1 e
24 2 3 ‘ ¢ - 3 3
2-5 3 3 6 Ry i 3 °
2«6 2 3 5 a 10 5 0
2-7 1 3 ) 26 29 25 0
3=4e 0 4 4 8 3 i 4
»8 5 2 9 5 10 1 1
4-8 2 g 10 a 10 " ~
S 15 0 6 é J1 a1 3% 16
6@ 0 5 5 10 10 5 5
644 ¢ 0 5 5 5¢ pYs " 3
1-23¢ o] 4 4 9 23 ) 25
8-9 3 10 13 10 13 3 o
910 } 12 16 12 1€ ¢ 0
911 9 13 22 32 41 19 0
9-12 ) 1 16 ¥ a1 25 0
9--1) 2 1} 15 52 84 38 c
|

® Denotes dwmy aotivitics
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1=14
Viel)®
1=y
12=13%
lo=15%
1e=25*
1ieh?
14=1,
1-=17
19=1t
17=2l
1=l
17=35%
18«51
19=22
20=42%
20mb2
2l-dbo®
222}
2324
24=25¢
24-27

F1L

27-30

#

D

24

A1}
L3 )
3

N N R C WM N D

0

27

il
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il

o =2

15
1)
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44=45
45-43*
45=51%
46=1T
41=49%
18=53
49=50
55=54
51=52
5i=55
52=56*
52=57+
5355
5455
55=56

57=58
58-59
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3
39

60
62
64
45

39
39
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44
5€
55
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64
65
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64
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20

12
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19
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227U L DUR. TION TIMES

activity Barlicvst lat s Sl-.ck
Husmbor t (mens.) ES EF LS L TS FS
O=1 2 ¢ 2 0 p
1=2 1 2 3 3 g 1 0
l=4 6 2 8 2 A c )
2«3 1 3 4 4 5 1 2
2=4 2 3 5 6 8 3 3
2=5 3 3 6 6% 7C 64 0
2-6 2 3 5 8 10 5 ¢
2«7 1 3 4 3. 35 31 0
34 o) A 4 8 B & 0
3-8 ) 4 9 5 10 1 1
4=8 2 8 10 10 v 0
Fe15% 0 6 6 70 70 6. 30
6=B8¢ 0 5 5 10 10 5 5
6=4/® 0 5 5 80 80 75 53
T=23® 0 4 4 ¥ 35 31 31
8-9 3 10 13 10 13 0 0
9=10 3 13 16 13 16 0
O=11 23 13 ¥ 29 52 16 0
=12 3 1) 16 34 37 21 0
L .




12-25%

13-50

SRS
15«17
15=1t Cncell 4
L7=e0 oy
17-21 4
i7=35% 0
18=51 Jeacelled
1922
0w 2 ¥
20-52
2l=b6%
22=23
2324
2625
c4=-27
24-28
25--26
252G
27-30
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28«3, 1c BY 51 T X5 !
29y=131 3 5) K 71 7 g o
29=32 23 by 7 55 73 0
29=33 23 5% * 5 Ay n
29=354% 0 55 55 I 1. i) 0
30=36 3 62 H 76 74 11 n
3l=34 G & o 90 50 3 0
3l-in G 58 o4 A KO '’ 0
3150 12 58 70 " 86 16 16
32-40 1 8 1) " 77 = 0
33~41 1 7€ T 4z #3 ‘ G
3730 2 58 60 20 9¢ iz )
3439 2 58 sC 99 92 32 0
35-36 4 55 53 75 79 20 6
35=37 4 55 59 7 16 13 o
366 0 65 65 70 79 1. c
36=50 ¢ 65 3! £ 86 15 15
3T=2% ¢ 29 59 78 7% 19 0
37-46% e y 59 7 (£l 2C 7
37-50 6 59 oh &0 86 21 21
38=i8 € 60 60 02 9% 32 0
39-48 ¢ 60 66 92 oF 32 0
40=49 3 79 o2 W ve J 0
41-50 3 19 82 83 86 s 4
Ga=4) 4 59 €1 73 82 19 0
& 3=A9% 0 63 €3 82 82 19 19
Kl 58 59 80 31 22 0
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