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SYNOPSIS

- The relevance and importance bf.management_technigues
in construction is brought out in this report., In all projets
one is concerned with developing an optimal and workable plan
of the activitiés that make up the project including a speci-

fication of their interrelationships.

It is ineQitable in a project that delays and‘changes
are likely to occur due to unavoidable reasons, So updating |
at suitable intervals is necessary. For a small project hand
computation can be adopted. But due to complexities arisiﬁg
in construction process the Qse of computer program is most
suitable, A program for updating purpose has been presented

followed by the scheduling and bar chart programs,

Two live projects have been taken as case studies.
The importance of scheduling and monitoring of projects has

been brought out by reviewing the case studies,

To illustrate the monitoring program one example
" has been presented with two different cases. To iliuétréte
the program in the live project, a part of one of the case
- studies has been taken and revised. The results containing
basic data, revised data, schedule and bar charts of all

'examples have been presented.
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CHAPTER~L
INTRODUCTION

1,1 IMPORTANCE OF NETWORK SCHEDULING IN BUILDING
CONSTRUCT ION

Construction is oreof the major sectors of develop-
mental plans. Day by day construction activity is increasing.
All these projects are highly capital intensive. To achieve
targets economically and as per schedule construction planning

"and management are highly relevant.

Construction projects undertaken in the public and
private sectors have been imposing strain on the couhtry?s
economy, because majority of the project could not keep up
to their original schedule and cost estimate., The major
reasons for over-run in time and cost may be attributed to

the inadequate planning of the project.

During the past few years interest has grown in
phenomenal rate in the use of 'critical path methods' in
planning, scheduling and controlling of projects, Critical
path methods can reduce even a complex project plan to a

single graphical form which is free of ambiguity and complex

mathematical analysis."
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1,2 IDENTIFICATION OF THE PROBLEM

In all the projects one is concerned with developing
an optimal workable pian of the activities thaﬁ make up the
project, including a specification of their inter-relation-
ships., Also one is interested in écheduling these
activities in an acceptable timespan and finally comes the

controiling of project in hand,

The manpower and facilities required for carrying out
the programme alongwith the progress}in time must'be_consi~
dered. The programme is planned to ensure ecqnomical use_gf
time,‘money and material, ' Field control depends upbn moni-
toring the‘expenditure of time and money for carrying out
the scheduled program, as well as the resulting 'product

quality and performance’.

Planning and scheduling is the basis of all projects
and they run almost on the similar line. They differ mainly
in the way with which they are controlled. Since economy

and output depends upon efficient control, control efficiency

is also a major factor,

1,3 SCOPE OF THE PROBLEM-

Network of a project defines the logic and sequence
of operations involved in its execution. Therefore, network

is an efficient technique which can fulfil the requirements
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for an effective management, The first essential need of a
project's overall success is a good economic and financial
plan, Achievement of such a plan is possible through net-
work analysis with selection of best alternative of'costé ;
time analysis and proper monitoring and conprolling of

construction project,

This method can be applied effectively for const:uction
 management in three different>phases viz.jplanning,_ o
scheduling and controlling of constructién'projecté, to make .
an economical and feasible plan of the works The ultimate
aim df the project management is to complete the cohstruction
'ofva'project at minimum cost, within the scﬁeduled time and

with available resources.

The application of critical path methods are obvious
and straightforward. If the project is to be executed the
proposed network serves as a framework for developing a
detailed plan and sched@le to be used in carrying out the

project.

A schedule for‘anything as complex as a COnstruction'
project cannot be expécted.to remain constant, Changes
are introduced by many variables, Complete project management
revises the schedule either at specific intervals or as and
when it is necessary. With the revised'informations the

computer will revise the schedule to reflect the current



status of the project.

Therc are numerbdus ways in which updating and prbgress
reporting may be accomplished, The most effective'updqtingv
for construction progress is done by comphte; énalysis. The
updated information is usually furnished in the form of com-

puter printouts in a variety of arrangements,

The fol;owihg are the inputs and outputs of an up~-

dated sqhedule.
Input

A. (1) Actual starting date/time of activities already

started.

- (2) Abtual startingxdate/time of activities already
finished. .

(3) Actual duration of activities already finished,
(4) Addition of activities.

(5) Decletion of certain activities,

(6) Modified interdependencies,

(7) Revised duration of remaining activities,

(8) Revised and modified arrow diagram.

(9) Actual resource and cash requirements of

remaining activities,



Output

B, (1) Revised arrow diagram.
(2) Time status of the project.
(3) Cost status of the project,
(4) Resource status - sufficient, insufficient or

surplus,

(5) Systemaiic recording of datas. available, for

any future use,
(6) Revised starting and finishing dates for remaining
activit}es-
(7) Revised cash requirements.,
(8) Revised résource requirements.,
(In the program, items A(l) ‘to A(7) and B(2) to B(4) are

‘covered).

Control monitor phase starts with the actual starting
of the project, continues throughout the duration of the

project and ends with the finishing of the project.

1.4 OBJECTIVE

(1) To stuly the different aspects of network planning,
scheduling and monitoring, that is being used in the construc-
‘tion field, This is done through case studies where appropriate

techniques are applied.' Through case studies it may be possible
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to form the different methods of network plannihg, spheduling
and monitoring which can be used in the construction field,
The procedure adopfed fof carrying out the different phases

and their advantages and disadvantages can be listed.

(2) It is inevitable in a broject that some delay
and changes are likely to occur due to unavoidable reasons.
So updating at SUitable_intervals is necessary., For a small
project hand computation can be adopted.. But due to the
complexities arising in cqnstfuctibn procéss the use of
computer is most suitabie. A computer program for updating
purpose may be much useful in the field of construction
management, A computer program has been developed by the

author for this purpose and given in Chapter 5,

(3) Bar charts = Bar chart is the easiest technique
by which one can see the progress of independent works.
Once the schedule is made it is easy to make the bar chart.,

A preram for bar chart is also given in Chapter 5,
1.5 CASE STUDIES

Two buildings under construction are considered for
case studies. In these projects the following points are

taken into consideration.

(1) The network method used and the original

network plan,
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(2) The division of the original plan into different

subdivisions,.

(3) Scheduling part.

(4) Monitoring part - The different methods adopted

to know the progress of the work.

Case Study 1 - is an office complex (SCOPE) at New Delhi,
It is a 7 storied building with 2 basements, Total floor
area excluding basement is 7000 sqe ms CPM activity - on-

arrow networking system is used in this project,

Case Study 2 - is a Zerox complex at Rampur. It has
139 activities overéll including installation of equipments:
and machinery, Thefp;ecedence network is used for this

project,



CHAPTER-2 |
CPM AND PRECEDENCE NET:JORKS

2.1 TINTRODUCTION

Eventhough the ultimate aim of both CPM and Precedence
networks are the same, there are some differences in the

graphical representation and calculation of timings.

CPM is also known as Activity~on-Arrow (A-O-A) network
and precedence is known as Activity-6n-Node (A=O-N) network.
In A-O-A, the activities are represented by arrows and in
VA—O~N s the activities are represcnted by nodes, One major
difference betweeg the two is that in A-0-A dqmmies are uéed,
but A-O-N it is not useds In Fig. 1 and Fig.2, A-O-A and
A-O-~N networks for the same problem ispresented. Apart from
the physical variations with CPM, the A-O-N form permits three
precedence rclationships as against one of CPM. In A=O=A form
an activity can start when the preceding acfivity or aétivities
arc completed and this can be termed as end to start relation-
ships i,e., the start of an activity is linked.with the
finishing of another activity, whereas in A-O-N, in addition
to this relationships, there are two more relations. These
'additio;;l relationshiﬁs are the speciality of A-O-N, and it
is this flexibility that has made the technique dif ferent

from A-O0-A, not only in look but also in utility,
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Due to the lack of lag relationships in‘CPM‘exceSSivé
dummies are fo be used, This is illustrated in Fig.3 A; B
and C. It is an example of casting foundations for a building,
A simple diagram such as shown in 3A would not be a true
tepresentation of the situation, since it would be possible
to start setting the steel before the trenching was complete,
~and the pouring of concreting could be started before tﬁe
steel was set over the full 300 ft. A truer representétion
would be afforded by 3B, which showed that each job could
start 50 ft. behind the'previous bhe; and finish 50 ft. behind
it. However, even the picture represented in 3B was unsatis-
factory_sihce,it suggested the possibility of Backfilling
250 fi., having completed the trenching, stgel setting and
, conciete bouring for only 950 ft, Therefore, yet more Spiits
and dummics were required, and a final repreéentation took
the aspect of 3C, . It can be seen, therefore, that although °
only four activities were involved, it took 19 arrows to
depict fully their relafionships with each other. The same
network can be drawn in the precedence manner as shown in
- Fig.4 when compared with A-O-A network this has less number
of nodes and arrows. S5So it is more compact, No dummies are
) used in this network, In APO\A network there are 14 nodes
and 19 arrows, where as in A-O-N there are 12 nodes and 14

arrows, So the same network becomes more compact in A-O=N,
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2.2 CPM NETWORK PLANNING AND SCHEDULING

First step is preparing the list of activities and
arranging it in a.logical sequence., The next étep is placins
Qf 'duration' against each activity; It can be in any sort
of units e.g., - minutes, hours, weeks, days étc., but'for
veasé_df calculations all duration should be in the same

unit,
Early Occurence Time

Set the early occurence time (EOT) of the first node
equal to zero. Consider each node by turn and compute the EOT :
the node as followsr:,For each activity entering the node,
add the activity duration to the EOT of the I-node -of the
activity., The maximum value obtained is the EOT of the node.

‘Repeat until all the nodes are considered.

Latest Occurence Time

Set the latest occurence time (LOT) of the last node
equai to its EOT. Proceeding backwards, consider each node
by turn and establish its LOT as follows : For each activity
leaving the node, subtract the activity duration ffom the LOT
of the J~node of the activity. The minimum value obtained
is the latest occurence time of the node. Repeat unfil all

‘the nodes are considered.
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Early and Latest Times

Set the Early Start Time (EST) for each activity
éduél to the EOT of thc I-node of the mtivity, GCompute the
Early Finish Time (EFT) by adding the duration, Set the |
Latest finish time (LFT) of each activity as equal to the
LOT of the J-node of the activity., Compute the Latest Start

Time (LST) by subtracting the activities duration,
Float

.The difference between early start and latest
start is known as float and is the amount of time the cvent
could be delayed without affecting the project's schedule
completion date. The events of zero float will be seen to
form a path through the network, This is critical path
of the network and the activities along it are called
critical activities. The sum of the critical activitiés
gives thé expecfed project completion date, and if any of
these activities slip in time this completion datéd will
slip unless time can be made up somewhere else along?this
path, Activitiés'which are not critiéal, however can slip
a certain amount without affecting the expected project

completion date,
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2.3 PRECEDENCE NETWORK PLANNING AND SCHEDULING

Programming of a project is a cyclic process of
decision making, planning, scheduling, rcviewing and up=

dating. Fig.5 giVes this diagramatic representation,

In the decision making stage, the project as such
is defined and the objectives are laid down regarding the
start, end, total duration requirements, responsibilities,

manner of deployment of resources etc,

Next comes the planning, when the network diagram has
to be dréwn. To draw the network diagram is one of the
important steps for programming but not an end and in
itself, The network has to be «rawn by previous experience
of similar jobs or certain logical assumptions havé to be
| made where we have no guiding facts. A lot of work has to
be done for information collecticn and preparing the
activity list and to fix their interrclationships and

dependencies.,

In the scheduling stage from the durations of activitiee
fixed, the various starts, finished and floats are calculated,

This enables very easy control of the total project,
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The sch duled starts, finishes etc, are then tried best

to adhere to during the atual construction process, Any
variation of the actual time to the scheduled time is looked
into and all information of the actual progress in construc-
tion are regularly maintained, The reviewing of these |
informationg.highlights the planner of the existing draw=

backs in the network,

Feedback of this practical experience to the network
makes the system dynamic and programming then becomes an :
overchanging process, Updating the network helps the future
similar projects in planning their programme, No similar
projects can exactly be the same. Again, with time, the
nature of activities may change due to theﬂoverali technolo-

gical change in available equipment and manpower,

Fig.6A and Fig.6B illustrates repréSentation of
activities in precedence network. The main advantage of -
this network diagram is the possibility of showing overlaps,

delays etc,

Delay - 1is represented by the letter D (Fig. 6C).

Lead « The letter P on the link indicates a lead on the

| start of the preceding activity. Lead is indicated
by drawing the link from midway along the preceding
activity. In Fig.7A activity C may ¢art 4 days after
A is started; although activity B must wait for

the final completion of activity A.
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Lag - The letter F on the link indicates a lag on the
finish‘of the following activity. As seen in
Fig.7B a lag is indicated by drawing the link
midway along the following activity. -Activity D
may start when aCtivity C is complete, but will
still have 4 days work left When activity A is
completed | .

Lead and 1ag on the samg activities - 1In Fig.?C“;ctiVityAB

may start when activity A is thrée_aays advanced, but will

still have four days work left when activity;A is completed,
Earliest, Latest and Scheduled Dates

There are four dates concerned W1th gach activity 1.e.,
earllest start, earliest flnlsh latest start and latest
finish., The activity boxes are divided to incorporate these
dates and further more to include scheduled and actual starts
and_finishes.when the network is used for control .

pUTPOSe, Fig. 8 4, B.
Earliest Dates

" Fige 9 A to 9J illustrates the calculation of

earliest dates in different cases,

(A) Earliest start depending upon start
(B,C) Earliest start not depending on start.
(D) If there is a specified delay.

(E) When there are more than one preceding'activity.
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(F) Earliest finish calculation,
(G,H) When there is an F type lag,
(I)  whon there is a P type lage.

(J) Latest finish calculation,
Latest dates

Fig.10A to 10F illustrates the calculation of latest

dates in differént cases.,

(A) Latest finish of last node will be the finish of the

project,

v

(B) Calculation of latest finish from the latest starts

of its successors,

(C) Latest start calculation
(D) When there is a delay.
(E) When F type lag is there,

(F) When P type lag is there,

Activity Floats

This is the difference between the earliest and
latest dates and is defined as the time avallable over and

above the time, required for the performance'of that activity.

Total Float

It is the time by which an activity may be delayed
without affecting the final completion date of the project.

The calculation is given as follows
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Total float

1l

Latest finish time - Early finish time.

Latest start time - Early start time.

I

(Fig. 11A)

Free Float

It is the time by which an activity may be delayed
without affecting any other activity. The calculation is

as follows.

Free Float = Early start time of the following activity -

Early finish time of the activity in question.

(Fig.11B)
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CHAPTER-~3 |
~ CONCEPT OF PROJECT SCHEDULING AND MONITORING

3,1 BASIC ISSUES IN SCHEDULING(Q)

The process of project scheduling needs to come out

with satisfactory answers on the following issues;

(1) Objective related issues

(2) Work related issues

(3) Activity and sequence related issues
(4) Time related issues |

(5) Resource and constraint rclated issues.

3.1,1 Conceptual Model

Fig.1llC presents a conceptual model interlinking the
differcent issues. Since all the issues arc ariéing out of
the need for doing a work, the starting point for project
scheduling process is ®oRK. The process is required to
achiéve certain objective. The end pdint of project
scheduling is therefore OBJECTIVE, The projecct schedule
model should, thergfore, start with work and finally end up

in objective,

Activity and scquence related issues are important
only after the work is known, because each and every piece
of work for its execution requires ¢ertain actions to be

taken in some scquence. The linkage between WORK ahd
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activity is therefore direct with work lecading to Activity,
Now we can take several actions, or we could follow different
scquences for doing the same work, thus an element of choice

is involved between these directly related issues,

The type of activity or the sequence chosen will again
have its impect on Time and Resource required for doing the
work, Better the activity or sequence, lesscr may be the

time and resource requirement,

Time and Resource again will depend on work, more

the work, more will be the requirement of Time and Reéource.
But while with Resource the relationship is absolufely
direct; i,e., more resource for more work. The Time required
for a piece of work will depend more on Activity, Sequence,
Resource and Constraints than on the quantity of work. Time,
thefefore; has been linked with work through Activity,
Sequence, Resource and Constraints, The relationship between
Time and Resoufce is again direct; ReSOurco'will govein

the time required for completion of any work. Finally
resource and time can be traded off betwéen eéch other

and both will govern the objective. The objective, therefore,

has becn jointly linked with Time and Resource.

The whole process of project scheduling, therefore,
demands consideration of a number of combinations of Activity,
Sequence, Resource, and Time for any piece of work in relation

to defined objective and constraints,
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3.2 PROJECT MONITORING (9

The aim of menitoring is to bring about some real

and positive action,
Steps in Monitoring
3.2.1 Setting the environment

This includes appointment of monitor, delegation of
authority, announcing the objective of monitoring, seeking
cooperation and acceptance from the participating agencies
whose activities are being monitored, setting systéms and
procedures for monitoring and obtaining commitment of parti-

cipating agencies in the séme.
3,2.2 Setting Porformance Standards

This is supposed to be done in the schdduling phase,
However if the agencies for scheduling and monitoring are
diffofont, the schedule will require a second'examination.
In any casc, since performance standard or target is the |
basis for monitoring, the monitoring process must ensure
that schedule'exist, and they exist in a monitoiéble form;
i.eey performance requirement has‘been clgarly stipulated.
If pérforhance requirement is not clear or is not'in a
monitorable form, the monitoring process.will insist.that

 the schedule be restructured so as to contain the targets
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for performance which arce required to be monitored, In short,
at the outset, monitor must know 'what is to be done' and

so should all,
3.2,3 Measuring

This may involve collecting information regarding
'what was done', quantifying the same comparing with targets,

and working out the quantum of favourable variations,
3.2.4 Reviewing

This will involve holding meetings or carrying out
detoiled studies with a vioew to work out 'what nceds to
be done?'. It is expected that solutions that do not involvé
additional expenditurc or oiher agencies will be straightaway
implementeds The roview may result in a récommendation‘for

further study involving several agencies or specialists.,
3.2.5 Reporting

This will include reporting to 'what has to do! obvibusly
unresolved issues which neéd to be tackled by a different |
responsibility centre need to be reported to the appropriafe
repponsibility centre, The emphasis is on exception, and only
structured report, clearly specifying the invqlvement desired,

needs to be sent to the appropriate responsibility centre,
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3.2.6 Action

This involves taking decisions with regard to the
- steps needed to make good.deviation and asking the defaulting

agencies to implement the decisions,
3.2.7 Scope of Monitoring

Monitoring starts with the schedule and works for
the success of schedule i,24y its implementatioh and
efféctivenesé. ‘Theré can neitﬁer be any monitoring without
schedulé, nor any schedule be even worth its paper without
monitorihg_support. But while scheduling is basically a
: paperIWOrk, monitoring is not. It can be defined as the

process of inducing action for adhercnce to schedule.

3.3 PROJECT CONTROL(Q)

Project control system is a congregation of the
following terms - Planning, scheduling, monitoring, resources,
constraints, updating, objective, data bank, control
implémentation and progress report, If these terms are

linked, it will represent a project control system (Fig,l1l1D).

3.3.1 Objective

The starting and end points of the diagram should
meet at the objective, Since all activities, like scheduling
and monitoring are und@rtaken only to achieve some objective
ahd there is no nead of further activity, once the objective

is achieved,



FIG.11p PROJECT CONTROL SYSTEM
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3+3.2 Planning

Once thc objective is defined, the next step is to
determine how the same can be achieved. it.would be subject
to limitations of resources and constraints. So plaﬁning
can be linked to objective through resources and constraints,
Objective will dictate the rewources such as money, manpower,
etc.that may be required, but constraints will stipulate
their availability. Resources and constraints aré therefore
simultaneous considerations nceded to arrive at a plan and

are shown parallel to the .diagram.
3,3,3 Scheduling

_ Scheduling is applied plénning. There cannot be any
schedule without planning, nor a plan can be made workable

without a schedule., Implementation can take off once
scheduliﬁg is finalised and necéssarylo:ganisation for
implementation of schedule is crecated. During the scheduling
phase the different times arc calculated as early start‘time,
carly finish time, latest start time, latest finish time

and totaL float. The early start time gives the ea;liest
time by which an activity can be started, Early finish time
is that by which an activity can be finished at the carliest,
Like that the latest times arc that by which an activity
should be started or finished at the latest. The difference

between the early and latest times gives the float. The
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activities through zero fleat are called critical activities.
By finding out the different timings and float, decision can
be taken that which activities can be Telaxed . and which

activities -are to be done in time etc,
3.3.4 Monitoring

Monitoring depends upon scheduling. Also_scheduling
depénds upon monitoring, for keeping it uptodate. In the
monitoring stage, the actual work should be compéred with_
the target. This can be produced by progress reports; If
there are some delays and changes it should be incorporated

to the basic network, Monitoring is done through updating.
3.3.5 Updating

Updating refers to incorporation of progress information/
actual oééurence of events on the part of the schedule that
should havé been implemented uptddate. It also includes
incorporation of new decisions/information oﬁ the part of |
the schedule yet to be started. Updating effects the schedule.
It adds activities, deletes, changes duration. In short it
changes schedule ifself. But this can be pos#ible only as

a result of measurement and rédview,
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The most effective updating is done by computer
analysis. The updated information is usually furnished in
the form.of computer printouts in a.variety of arrangements,
The following are the inputs.and outputs of an updated

sChedule i~

Input

A (1) Actual starting date/time of activities already
started - Some activities may be started in the

correct time and some may be delayed.

(2) Actual starting date/time of activities already
finished - In the completed activities also

there may be changos'in the starting time.

(3) Actual duration of activities already finished -
Due to the lack of materials and labourers some
activities may change the duration. Also
to speed up thc activities the duration can be

reduced by adopting more labourers.

(4) Addition of activities - After the construction
Starts, there may be some additions to the

activities.

(5) Decletion of activities - Sometimes some activities

are to be deleted due to some reasons.
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(6) Modified interrlependencies - The dependency
between some activities may be modified due to

the addition, deletion or change of duration,

(7) Reviscd duration of remaining acfivities - The
duration of remaining activities may also be

rovised,

(8) Revised and modified arrow diagram = According to

the changes the network diagram is to be revised.

(9) Actual resource and cash requirement of remaining
activities - After the modifications the resource
and eash requirements of remaining activities can

be found out,
Output

B. (1) Revised arrow diagram,
(2) Time status of the project - It gives the schedule

of the project, This contains the different

timings, floats etc,

(3) Cost status of the project - The cost status of
the projeét is brought out.

(4) Resource Status - This gives the resource status
of ‘the project, like whether the resources are

sufficient, insufficient or surplus.
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Systematic recording of datas available for any
future use = It stores the datas and schedules

of each stage so that it will be useful in future,

Revised starting and finishing dates for remaining
activities - The rovised schedule of the project
is obtained, which contains the different timings,

floats ctc .

Revised cash requirements - According to the revised
schedule, it gives the revised cash requirements

of each activitics,

Revised resource requirements -~ This gives the

rcevised resource requirements,

3.3.6 Progress Report

Monitoring is linked with implementation through a

feedback report which may be called a progress report. It is

a record of the s tatus of the activwities under implecmentation.

It originated from implementation and connects implementation

and monitoring.
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Since progress report provides actual performance
data, it is also used for qorrecting various assumptions,
made at the planning stage. The data provided by progress
report can also be stored in the form of a data bank for pla-
nning future projecfs..‘Progress report.haw, therefore, on the
one side becn connected with the planning through data bank

and on the other with monitoring.
3.3.7 Control .

Monitoring must lead to action to ensure adherence to
.taréot. When as a result of monitoring an operation adjusts
itself.to predetermined standard, the operation is said to be
under control. Control is the presence of force which ensures
acdhercence to predetermined standards through actions,
Monitoring being action oricnted, it supplements and leads
to control, So monitoring has been linked directly with
control. Since control should lead to achievement of
objective, control has been directly linked with objectives

to complete the total picture,
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CHAPTER=-4

| COMPUTERISED CONSTRUCTION MANAGEMENT
4.1 INTRODUCTION |

In the‘construction management, because bf the'increased
size énd;complexity of the projects it is beneficial fb use
computer, The sophisticated infofmétions and data handling
capabilities of an electronic computer offer many helpful
ways, for in depth analysis of major aféas 6f construction
management. = The construction manager, with the.aid,of»
cdmputer can keep the pace with today's vastly accelerated

construction technologys
4,2 COMPUTER APPLICATION IN CPM

There are three phases for any projéct, namely -

the planning phase, the scheduling phase and the control

monitor phase,

" The Qomputef is being used in all the three phases
efficiently. Some of the computer programs have been deve=
- loped at Civil Enginéering Department, University of Roorkee.

~Some of the programs which are available have been briéfly

outlined in the following lines,



4,3 PLANNING PHASE OF CPM BY COMPUTER

Some computer programs are available for the planning.
In 1964, IBM introduced their project control system (PCS)
"~ and cstablished precedence diagramming_for.computerisatioh'
which was also similar to CPM and PERT.K One of the most
cdmprehensiﬁé’netwerk programs is the Mc Donnell Automatic
MSCS, which has many additional capabilities such as cost
control, resourcc control, and special output formats such

as bar graphs,

But the efficiency of these¢ programs is doubtful
because of obvious reasons. Hence it is preforable to do

planning manually in most of the cascs,
4,4 SCHEDULING PHASE OF CPM BY COMPUTER USE

Scheduling consists of assigning an estimated start
and finish time to each a@tivity in a project. A certain
amount of flexihility or float may exist for some activities,
others called critical, must be completed as per schedule,

if the project as a whole is not to be delayed.

The different facets of scheduling phase are listed

below &=

1, CPM time scheduling.

2, Scheduling of network with random node numbers.



3. CPHM Calendar dating,
4, Resource allocation and levelling.
5, Cash requircment prediction.

6. Requirement of material and labour,

The programs have been developed for all the above
facets at Civil Engincering Department, University of Roorkee,

Roorkee,
4,4,1 CPM Time Scheduling @

A computer program has been developed for this job by
Viswanath (1975) and presented elsewhere (Puri and Viswanath,

1984), For details of program refer Chapter 5.
4.,4,2 Randem Node Mumboring

In general the network should have two restrictions ¢

(1) The I-node number of an activity should always be

lesser than its J=-node number,

(2) The nodes of the network should be numbered in

scquential order and no node number should be missed,

With the help of this computer program, the network having
random node numbers can be converted into topological order,

temporarily, By doing conversion the network with random node

numbers can casily be scheduled,



The program reeds the number of the networks to be
handled, the total number of activities, total number of

nodes, and the activities data ctc.

The output consists of the total random nodd numbers,
the total number of activities léaving each node and their
ssrial numbers,total number of activities entering in each

individual node, the newtopological node numbers.

The program has built in check for errors like
dangling, missing nodes, incomplete list of activities, identi.-
cal node numbers etcs The block diagram is shown in Fig.l12A

and datails arc available elsewhere (Mehra, S., 1975).
 4,4,3 CPM Calender Dating

This preogram is used to convert the working days

schedule into a calender dated schedule,

Input data consists of the number of activities, the
date, month, year and weck days, the project start date, the
list of holidays; number of days in a month for each month

of the year etc.

OQutput - The holidays are converted into'corresponding
calender day intervals, mecasured from the project start date.
EST, EFT, LST, LFT are taken by turn and the computer directly

assigns the date, month and ycar numbers. After taking into
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account th~ holidays the program procceds to compute the
number of sundays in the interval. Once all holidays and
sundays arc accounted for the expanded interval is added to
projcct start date. The final date, month and year numbers
are sorted unless CPM calender dating is completed for one
activity. Aftér that they are printed in proper format.

The process is repeated for every activity, The block diagram
is shown in Fig.l2B and details are available elsewhere

Viswanath G, 1975),

4,4,4 Resource Levelling

The object is to ‘'level’ the day to day, week %to week,
usage of resource, which may be the manpower or equipments with-

in . the current availability of these resources.

Input = This program reads the results of the CPM
Scheduling program and the data regarding the number of resources
to be considered, the availabilities of the diffcrent resources,
the resource requirements of each activity and the number of

resource levels to be considered,

Qutput - It includes the list of activities, their
duration, their resource requirements and their revised start
and completion dates, Also printed out are the latest start
times of the CPM schedule for comparison. The output includes
the total resources -assigned for cach day of the projeﬁt, and

for each ‘resource,
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NO

NWEEK= NDIF + NNN

FIG.12 B. FLOW CHART FOR CALENDER DATING |
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It 2lso checks cach node and cnsures that all activities
entering i+ have Lboen completed on the day under_consideratioh.
The actlivities leaving the nodes arc also examined if they
have not alrcady started, The activities are rc-arranged in
priority order on the basis of criticality of the activity.

The resources are allocated on this basis, In case some |
resource is not available, the resource and effected activity

are reported,

The detalls of this program arc available elsewhere

(Puri and Viswanath, 1984, Viswanath, 1979).
4.,4,5 Cash and Material Requirement Predictions

This program nrodicts how much cash and material is

needed in ecach woek of the project durations:
Input

This program take network schédulo as'input data,
It also meads total number of nodes, total number of activities,
total duration of project,total number of categories involved
in differcnt activities, their quantitites, rates of each

categories, ECT etc,



- Output

As output it prints out total estimated cost rate and
quantity of cach activity, finished activity, unfinished
activity and cost of finished work in the current week cate~
gory wise, It also prints out the percentage of work finished,

and total upto.date paymenfs and net cost status of whole

. project,

The program computésthe total estimated cost of each
category. It also'compﬁtes the weekly cost.status, finds out
the eligible nodes in active weck, computes the quantities
and respective amounts involved in activity. It also computes
the total accumulated expenditure and total current week

expenditure,

The details of this program aré available elsewhere

(Mehra S, 1975, Mujibuddin, 1976, and Puri and Jain, 1984),

*

4,4,6 Cost Control under Inflation ¢

A program has been developed by Puri N and Jain M,L,.
(1984) for forecasting the project cost requirements while
incorporating thec effect of inflation in the form of revised
rate of material and labouricharqes. The manaéer is able to
get the clear picture of revised estimates at a glance at any
instant of time, while executing the project. The detailsAof

this program are available clsewhere (Puri and Jain, 1984),
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44447 Precedence Network Scheduling ¢

Input

"The program n--cods total number of acfiyities} activity
numbers, preceding activity number, split/ﬁon-Split'charactef,
their duration and the relationship of lag, lead or delay with

preceding activities,
Qutput

Output cohsists of thé complete activity schedule and
prints the activity number, duration, carly start.time, carly
finish time, latest start time, latest finish time, total
float at start (TFS), total float at finish (TFF), free float
at start (FFS) and frec float at finish (EFF).

The block diagram is given in Fig.1l2C and details are

available elsewhere (Mrs, Das, 1976).
4,4.,8 Conversion of CPM Schedule to Bar Chart ¢

The output of CPM scheduling program is fed as
input for Bar Chart program, The first version of this
program was develdped by K.P. Singh, 1978, Further modifi-

cations has been made by the author and i£ is presented in

Chapter 5.



INPUT: NACT, M(l,J), AS(1,3),
NPS(J), RL(I, J), NCS, ISKIP

)

) !

GENERATE: NPC(1), NFA(1,J)

- COMPUT

E:

EST EFT

COMPUTE | LST LFT

(Iskip= 1

NO

L2 TpriNT:

4LF1.) LST

!

(

COMPUTE: TFF, TFS FFF FFS b\“\t

ISKIP=1 7 ) YES PRINT:

FFF, FFS

|

PRINT: COMPLETE ACTIVITY SCHEDULE

M(1,J), AS(1J)

FIG.12C MASTER DIAGRAM FOR SCHEDULING
| OF PRECEDENCE NETWORK
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4,5 CONTROL MONITOR PHASE OF CPM BY COMPUTER USE

The author has developed a program for monitoring
of projectsg26it is given as an cxtonsion of schedulihg
program and followed by the Bar Chart program. The three
programs are taken as a single unit, using sub-routine;.
So if revision is necessary, it goes automatically to the
updating program, revises the data, réschedules it and if

needed bar charts are produced,

(For the program details refer Chapter 5).
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CHAPTER=5

CPM SCHEDULING AND MONITORING PROGRAM

5.1 INTRODUCTION

Control monitor phase starts with the actual stﬁrfing
of the project, continues throughout the duration of thé |
project and ends with the finishing of the project. It is
inevitable tn a project that some delay and changes}are
likely to occur due to unavoidable reasons. So updating
at suitable intervals is necessary, For a small project
hand computation can be adopted, DBut due to the complexitie§
arising in construction processes the use of computer is most
suitable. A computer program for updating purpose may be
much useful in the field of construction management. The

developed program is presented and illustrated in this

Chapter.

The monitoring program is connected to the scheduling
program using subroutine. Also the 3Bar chart program fohlows
both the scheduling and monitoring subroutines. Detailed«v
descriptioq~of monitoring program is given in this chapter,
Also brief description of scheduling and bar chart program
is given and illustrated with flow diagrams., The details

of scheduling program are available elsewhere (Viswanath,1975),

(Puri and Viswanath, 1984), .



5.2 PROGRAM OUTLINE

The program for scheduling,_monitoring and bar charting

is arranged in such a way that first of all the input data

is rcad in the main program. After fhat”a check is intro-
duced, to see whethcr the scheduling is done for the first
time, It it is yes, the subroutine 'EOCCT' is called, which
part deals with the scheduiing. thorwise if the scheduling
is to be done for subsequent stages, the changes are to be
incorporated. For that the subroutine 'CHANGE' is called;
This subroutine revises the basic data, Aftef the revision
the scheduling is done by 'EOCCT'. Once the scheduling

part is over, one check is introduced, If number of
rearrangements is positive, the‘subroutiﬁe "ARRANG' is called
this part deals with the rearrangement of the activities in
the ascending order of any columns. Next check is whether the
counter ISKIP is one or not, If it is one, the subrdutine
'ARREOT' is called, this part deals with the rearraﬁgement

in ascending order of EOT. If bar chart is needed the
counter NBAR should be given as one.. InAtﬁat case the

subroutine '3AR' is called and thé bar_chart is plotted.

A block diagram for the program is given in Flg.l3 _

and illustrates the differcnt steps,



READ INPUT: NRUN, NPROB, NODE,NACT, NUMBC,
ISKIP NUMRE, TI(I), TT(1), M(1,J) NRENG,NBAR

') NO | CALL SUBROUTINE

(_NRUN =1 CHANGE

YES

WRITE: NRUN, NPROB, NODE,NACT, NUMBC, ISKIP
NUMRE, TL(1),TT(D M(1.J), NRENG

CALL SUBROUTINE
EOCCT

(__NUMRE=0 =

NO
CALL SUBROUTINE
ARRANG
) - IskIP=1 Y _
| YES
CALL SUBROUTINE
EOT
YES
: NO
CALL SUBROUTINE |
BAR

STOP |

FIG.13 BLOCK DIAGRAM FOR SCHEDULING
AND MONITORING PROGRAM




5.3 MAIN PROGRAM
Input

In this main program, the basic data is read first,
NRUN is read. NRUN is a counter to check whether the
scheduling is done for the first time or not. If it is for
forithe first time NRUN should be equal to 1. NPROB is read
next. This gives the number of problems, Ngxf comes N3AR.

If N3AR is 1 the bar chart program is called.

Number of nodew (NODE), Number of activitieé(NACT),
Number of columns (NUMBC), ISKIP, Number of rearrangements
needed (NUMRE) are read. Read the title of the problem under
the array (TI). The description of the activities is stored

in the title array (IT),

The array M is the central and most important parameter

and it consists of all data and results. M is a doubly
subséripted array (NACT x NUMBC), The input data consisting

| of description'of activity (TT), I-node, J-node, duration

and trade indicator are read and stored in four alphanumeric

fields and four columns of the array M, respectively. Each

activity is assigned a row 'in array M and parameters describ—

ing each activity are stored in the columns from 1 to NUMBC,



The first 4 alphanumeric ficlds of 16 clumns store
the description of activity in array (TT). Then first and
second columns store I-node and J~-node of the activity.
The third stcre the duration of the activity., The fourth
store the trade indicator if it is read in input daté,

and it is immédiately‘transferred to ninth coiumn.

Read NRENG, which gives the column numbers in which
rearrangement is neededs Lastly read E, L and a blank in 3
alphanumeric columns and it is carried over to the subroutine

bar, if bar chart is nceded.

All the above data are read in the main program.
After that according to the values of NRUN, NPROB and NBAR

the subroutines are called.
5.4 MONITORING PROGRAM ¢ 26)
5.4.,1 Subroutine 'CHANGE' (Fig.14 A,B,C)

In the main program if NRUN is read as greater than
1, the subroutine '"CHANGE! is called. This means that the
scheduling is don¢ not for the first time and some revision
is to be done in the basic data. This program can take

care of the following points.

1) Change of duration of activities already finished

or vyet to finish,



1o

“

READ: INPUT DATA FOR REVISION

M.
—'| COMPARE MN ARRAY WITH M ARRAY

FIND THE MATCH AND REPLACE

ADDITIONZ DELETION

TAKE DELETION = ADD ITION

v
COMPARE MD ARRAY WITH M ARRAY

FINDMATCH, REPLACE WITH 1STROW OF MA

YES ADDITION = DELETION

ADDITION > DELETION
YES | - NO

ADD THE EXTRA ADDI- SEARCH EXTRA DELETION
TION TO THE LAST PART SHIFT IT T0 THE LAST
OF M ARRAY ROW.

FIG.14A  BLOCK DIAGRAM FOR MONITORING PROGRAM.

»



O

READ: NODEL,NACTL, NAC, NAA,NAD
READ: MN(IK,L), IK=1,NAC L=1,4
READ: MD(1D KDJ, 1D=1,NAD KD=1,N
READ: TA(IA JA), MA(IA JA) JA<I NT KA<l N 1A=1,NAA

:

IK=1, 1=MN (IK1) , K=1

L=K 1 (LK) = NO fMa K)=
N(KY MEK)=MNEK, L)
YES
TIK=1K +1
' WRITE: TT{1 J) M(l K)
I=1,NACT
=K +y - 1
salaid {K=NAC K=1,N
| NAAA = NAA

NAAA = NAD

10-1, 11

KD=1 K=l KE=KD#t1
Kl=K +1

1=111

WRITE: TT(LJ) M(,K)
1= 1,NACT
J=1NT KN

T1(1.J)=TA (1D, J)
M {1,K)=MARD,K)
J&,5  K=1,N

FIGY B SUBROUTINE ‘CHANGE




s NODE=NODE L WRITE:NODE

I= NACT
NAL= NAA ~ NAAA
1T=NAAA
[A=1 >
—Th '[NADL-NAD-NAAA
IA=IAH el IP=NAAA W
. 2
TT(IJ)=TA(ITJ)
M (1,K)=MA(IT K) 1P 1P+1 1D 1D+1
J=1,5  K=1,5 |
' I=1 .
TA=NAL | NACT=1 - |
' | | Ket, KK+l Jo—f Ta41 | NODE NODEL|

IH-I
NACTK=NACT-1
I=1H.

IR=1I41

T1(0,J) =TT0R J)
J=15
M(1,K)=M(IRK)
K=1,N

| NACT=NACT-1

FIGLC SUBROUTINE ‘CHANGE’




2)

3)
4)

5)

Change of duration of activities already started/
or yef to start,

Modified interdependencies,

Addition of activities.

Deletion of activities.

5.4,2 Input

First input data is rcad. It contains the following

data -

1)
2)

6)

The latest number of nodes (NODEL).

The latest number of activities (NACTL).

The number of changes (duration and nodes)(NAC).
The number of additions (NAA) «
The number of deletions (NAD).

The array containiﬁg changes (MN).

The size of MN is (NACx4). The first column gives the

row number of M array, second column gives the I-node,

third column J-node and fourth column duration. If there



are any changes from the basic data, that is read as

array MN.

7). The array containing the deletions (MD) .
The size of this array is (NADXN). If
some activitices are deleted from array M,
these are read as array MD, in the order

of I-node, J=node and duration.

8) The array containing the additions (MA).
The size of this array is ( NAA X N).
These activities will be added to array:

" M, with the Title TA (NAAXNT).

5.4.3 Different Stages

Ist Stage

The array containing changes (MN ) is compared with the
basic data array (M). The first column of MN array gives the

row numbers of M array in which changes are to be incorporatec
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 The corresponding rows of M array are picked up and the
original values are replaced by the changed values. This

comparison and replacement is continued upto NAC. Thus in

the basic array M if there is any change in nodes and duration,

that will be taken carc of by this part.

2nd Stage

L

The second stage decals with additions and deletions,

Here three different stages arise -

(a) If additions and deletions are equal :-

First the arraf MD, containing QGletions is taken., Each
row of MD is comparced with M array. If a mathcing'rowl
is found out that row will be replaced by thé first row
of MA array (containing additions). This will continue
till all the deleted activities arc replaced by the newly

added activities,
(b) 1If ~'liti~ns are more than 'olations -

First the equal number of delctions and additions will
he taken and replacement is done as in (a) above. Then,
the extra additlions will bhe added to the M array, in the

last part of the matrix,



(c) If deletinns are more than additions :=

First the cqual number of deletions and additions will
be taken and replacement is done. The extra deletions

will be carried out in the followigb MANNET.

The row numbers of M array, corresponding to the
extra deletions is to be found out. That row will be replaced
by the next row. So the row to be deleted will.ocbupy the
next row. Again it will bec replaced by the row next to it

and so on, This will be carried out upto one row less than

the total rows,

Then the total numbor of activities will become one
less than the basic number of activities. Again the same pro-

cess 1s repeated until all the extra deletions are over,

After incorporating the above revisions, the scheduling
program is called, So the revised schedule will be obtained as
output.s If a second revision is neeced again give the changes

" as input and the samc process is repeated,

Conclusion

The program gives the revised dabta and revised schedule,
The management can us¢ this program to get the latest time
status of the projects In the control monitor phase this will

be useful to-have the updated schedule of all activities.



9+3 SCHEDULING PROGRAM

5.5.1 Subroutine 'EOCCT' (Fig.15A,3)

This subroutine deals with the scheduling part. The
input data for this is already read in the main program, If
revision is done in the basic data, the latest data is consi-

dereds The dififcrent stages of 'EOCCT' as thc following.

5.5.2 Diffcerent Stages
Ist Stage

Calculation of EOT Qe

The EOT of first node is set equal to zero. Starting
.from the seéond node, the program scans the list of activities
for their J-nodes énd picks up the activitiesventering the
node under consideration (say node k). Thé duration of
activity and the result is stored témporarily in IET. .IET
is then compared with MAX (which was intially made zero)
and if IET is greater than MAX, then the value of MaAX is ‘
updated to IET, Thé variable MAX helps in makimisiﬁg the EOT,
After all the activities entering the node have been considered,
the values of EOT is set equal to MAX, Then.the next node
is considered.. MAX is once again initialised as zero and
the procéss»is repeated until the EOT of all nodes are

calculated,



I T
ﬂEAD: NODE, NACT, NUMBC, NUMRE, ISKIP N= NUMBC- 5
| ]
r
CC N> ) .
READ TI(1), M(1,J) NO YES |READ TILMGJ) N
J=1,3 ‘ 1 J=14 1=1NACT
.~ 1a1, NACT IEOT(1)=0
| I | NTACT = 0 T
NTAE(1)=(2) M(19)= M(1,4) .
‘ l
ol MAX=0 1
: il NTACT = NTACT+ 1
£ NACE (NTACT) = 1
JI=M(1,2) ) =K? = M(L,)
- —l | LET=1EOMR+M0,3) "
i
CHECK] MAX 1ET j
[= [+1 NO I= NA '
MAX = 1ET
NTAE(K) = NTACT
1EOT (K) = MAX
L »} ERROR
( I CHECK3
K=K+t Ry K=NODE? ) |
LYES »[ ERROR
- CHECK 4
YES (1sKiP =1 )
PRINT' IEOT (J) NTAEL) NO
J=1,NODE .
NACE (1)
I=1, NACT *

FIGIBAFLOWCHART - SUBROUTINE ‘EOCCT




NTACT = 0
LOT (NODE)

K1=1

= |EOT (NODE)

'INODL = NODE -1

_ "

NTACT= NTACT 1
NACL(NTACT) = 1
J3=M(1,2)

K = NODE - K1
MIN = IEOT (NODE)

1=1

i

‘F;'\{_E:S—"CII=K ?

S

It=M(11)

- Ino

[=T4+1 4

1 - 2
—*(:I_NACT+.ﬁthJ

NTAL (K) =NTACT

| LOT (K) =

| PRINT LOT (J)

PRINT NACL(1)

1=1,NACT

NTAL {J),J=1,NODE -

MIN = LT YES
ERROR
] CHECK?2 [
| ‘ i
- — N we o
e '————ﬂ(KI-NfDL?. [K1=KI +1
{ |
I=1 M.(1,4) = IEOT (I1)
M(1,5) =M(1,4+M(1,3)
, M (1,7) =LOT (JJ)
=M (I,1) M{1,6) = M(I,7)-M(L3)
JJ=M(1,2) M (1,8) = M(1,6)-M(I,4)
1=1-9 NO | '
——( I=NACT 2 )
 IYES
Y
PRINT T (1) M(1.)
J=1, NUMBC
|=1 NACT

FIGI5B SUBROUTINE ‘EOCCT' .
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During the scanning proéess, as soon as the activitids.
entering a node arc picked up, the cumulative total of all
activities entering a node so far is stored in the array NTA"
and the serial number of activitids, in the array NACE
See list of symbols for more details). This will be used
in the resource levelling program, This stage also

-includds provision for checking for threce types of eITOT.

If the counter ISKIP is equal to one the arrays NTAE,
NACE and IEOT arc printed,

2nd Stage
Calculation of Latest Occurcnce time (LOT) -

This stage is parallel to the.stage 1. The opera-
tions are similar, Starting from the last node and proceeding
to the first, the LOT of the nodes are calculated and the
arrays NTAL and NACL are generated, as and when an activity
leaving a node is encountered. This will be used in resource
leveiling program. As before, if ISKIP is one, results of
this stage (LOT, NTAL, NACL) will be printed. This stage
includes a provision for checking of one type error

(Viswanath, 1975).



3rd Stage

The vnlue of carly start time (EST), carly finish
time (EFT), latest start time (LST) and latest finish time(LFT)
. are calculated., At the end of this stage, the array M will be
fully populated and it contains a2 complete description of all
the activities in the following manner - The description of
the activity in the first 20 columns of TT array, I-node,
J-node, duration, EST, EFT, LST, LFT, Total float and trade
indicator, in the lst column, 2nd column; and so on upto the

9th column of M array.
5.5.3 Subroutine 'ARRANG' (Fig, 16)

If number of rearrangement (NUMRE) is positive, the

sub=routine 'ARRANG' is called,

The array NRENG gives the type of rearrangement, Thé
rearrangement is done acéording to ascending order of values in

the specified columns of M array.

Each of these columns arc considered one at a time,
and the colu&n number is stored in NCOL, Two temporary.
arrays .arc crecated ISNO and JTEM. These are single subs—
cripted arrays of dimension NACT, ISNO stores the activity
serial numbers and JTEM stores the corresponding values in
the column NCOL of the array M. The values in the array JTEM

arc then rearranged in ascending order and as the values are



e

K=1

NACTL =NACT~1

=1

!
NCOL NRENG(KI)
I =1
}.
1=1+1 ISNO (1) =I

LN oA )

YES

= J TM(T) >JTEM(K) ? }——n
YES

NO

Ke K+1

m@@ NACT ? Je—r

IT=ISNO (I)
ITE = JTEM(T)
ISNO (1) = ISNO(K)
JTEM( 1) =JTEM (K)
JTEM(K)=1TE

Iy W 2 73 N
: NO

I1=ISNO(1I)

PRINT TL(1) M(1J)
J=1,NUMBC

VES ISNO (K) 21T
YES
11 =1 Kl =KI-1
| ' ¥
11=11#
II=NACT 7 )}— VE®

(KT NUMRE ? )

ET
URN

FIG-16 FLOWCHART SUBROUTINE ‘ARRANG




rearranged in JTEM, there is a simultaneous rearrangement of
the corresponding serial numbers of the activites in ISNO.
The array M is printed »ut so that the activities are in the
new order crcated in ISNO, The next rearrangement is consi=-
dered and the operation arc repeated.until all the desired

rearrangement have been accomplished.
5,5.4 Sub-routine 'ARREOT' (Fig.17)

If ISKIP 1is one, the subroutine 'ARREOT' is called. In
this part nodes will be arranged in ascending order of EOT

and also the total project duration iscalculated.
5,6 BAR CHART PROGRAM (FIG.l18 A,B)
5.6.1 Subroutine 'BAR!

If the counter NBAR is one, the subroutine 'BAR' is

called,
Input

Data needed for this program arc the following ¢-

(1) Number of nodes (NODE)

(2) Number of activities (NACT)

(3) Number of columns (NUMBC)

(4) Duration of project (NDY)

(5) M array with description of activities and details in

all the 9 columns,



@

(KK =NODE ? —— JTEM(KK) =IEOT (KK) ¢

NDARY(KK) = KK KK =1
YES NO

f=1j KK = KK+ JTK =JTEM (1)

. NTK =NDARY (1)
(TEM (1) >JTEM (ki 7 )53+ JTEMUI=ITEM [KK]
N

NDARY(1)=NDARY(KK)
JTEM(KK)=JTK

KK=NODEg)*f-“———“NkoaKm=NTK
KKK Jigg' |TES |
L {I=I+1 at 5 {1=NODL? J— =
— . NDUR =IEOT (NODE)
PRINT NDUR

PRINT NDARY (1)
| , [=1,NODE

FIG.17  SUBROUTINE ARREOT




READ: NODE, NACT, NUMBC, NDY
ACTIVITY DESCRIPTION M(1,J) J 1,9

NO.

YES
KK =K +1

12 1+1

4

NO

NES(I)> NES(KK)

"PRINT:
REARRANGED ACTIVITIES

INTER CHANGE | ]
1 AND KK |
- (400

FIGIBA SUBROUTINE BAR |




ASSIGN SIZE OF BLOCK AND ACTIVITIES
10 BE ACCOMMODATED IN ONE BLOCK

NSAB 30 NSB 50 NBK NDY/NSB+t

r

INITIALISE COUNTERS AND
MAKE COLUMNS BLANK -

ICACT=1
NO / YES
IEB > EST r
CARRY AS ACTIVE TCACT =
ACTIVITIES TO > - ICACT+1
NEXT BLOCK >
NO

[EB > LST

CARRY AS ACTIVE

ACTIVITIES 10
NEXT BLOCK -~
ALL T
ACTIVE ACTIVITIES
COMPLETE

YES

INCREASE BLOCK NUMBER
lEB=1EB+ NSB

PRINT BAR CHART AND
SCALE OF ALL BLOCKS

-

FIGI8 B. SUBROUTINE BAR - @
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(6) E,L, and a blank in 3 alphanumecric columns.’

All these data will be carried over from the main

program,

5.6,2 Diffcrent Stages

Ist Stage

At this stage all the activities are rearranged in the
ascending order of EST, so that the picking up of activities
those arc ecligible fora;gartigular block is efficiently

carried out,
2nd Stage

At this stage the number of blocks required for bar
chart is éomputed. Maximum number of activities to be acco-
mmodated in the block is assigned, -Size,of block is fixed,
NSAB, is themximum number of activifies which can be accommo-
dated in the block and NSB is the size of the block. Hence
number of blocks NBK is computed as NBK = NDY/NSB + 1 then

all the columns of the two matrices XL and XE are made blank.

3rd Stage

At this stage eligibility of activities in the aétive
olock is decided. The last day of the active block is compared
with EST of all the ativitles, The activities upto whiﬁh
(IEB-EST) is negative, are picked up as active acfivities

and are eligible in active block,



4th Stage

At this stage all the activities eligible in the
active block arc checked for being carried over to the next
block against EST, LST or both, For these activities, three
different parallel single subscripted arrays NSC, NCC, and
NST for storing their scrial numbers against EST, LST or
both are generated, ICC, IIC, ICK and ITC arec the counters
for activities carried over to the next block against EST,
LST, or both and total carry over activities, For thesc
activities which are being‘carrried over to next block, the
EFT and LFT are sct equal to NSB, Now the bar chart is com-
puted against EST and LST i,c., E-bar and L-bar. The bar
chart is plotted against cach activities. The letter E is
printed out from EST to EFT and the letter L is printed out
from LST to LFT against each activity. If EFT and LFT are.

greater than the block number it will becarried over to the

next block .
5th Stage

The duration scale in days is printed at the bottom
of cach block at every tenth column, a single subscripted array
JT is created for +this purpose, This proéess continues for

the next block till bar chart in all the blocks are completed,

176418
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5,7 LIST OF SYMBOLS.

ICACT A counter for activitices
ICC A counter for carry over of activities to the next

block against EST,

ICK A counter for carry over of activities to next block
against both EST and LST. When ICK =5 it is to be
carried over to next block.

ICSN A counter for scrial number of activities,

IEB End block day of bar.

IEF Earliest finish day.

IEQOT A single subscripted array that stores the early

occurence times of nodes,
IES Earliest start dav,

1ET A temporary storage variable for the earliest occurence
time of a node, during the process of maximising the

early occurence time of a node.

1IC A counter for carryover of activities to next block

against LST,
Y .
ILF Latést finish day.

ILS Latest start day.

1S3 Start block day of bar,



ISKIP A counter. If ISKIP is equal to one, it means a
resource levelling program will follow aﬁd the

values of IEOT, LOT, NACE, NACL, NTAE and NTAL will

be printed in thc result.

ISN Single subscripted array, which stores those activifies

active in the particular block.

ISND Single subscripted array and is used for storing
temporarily the scrial numbers of the activities during

the process of rearrangoment,
ITC A counter for total carry over of activities,

JT Single subscripted array used for printing the scale

for duration on each block of the program.

JTEM Parallel single subscripted array which stores the

quantities that are to be arranged in ascending order,

LOT Single subscripted array storing thc latest occurence

times of the nodes,

LT Temporary storage variable for the latest occurence
time of a node during the process of minimising the

the latest occurence time of a node.

M The central and most important array, storing both the

input and sutput of the scheduling program, The array M



MD

MIN
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is a doublé subscriptéd variable, of dimension

(NACT X NUMBC), Each row of M stores information of
onc activity. The first, second and third columns
store the I-node, J-node and duration of the activity,
The fourth column of M'st§res the trade indicator

in the input. But in the output this is transfered

to the ninth column. In the output, the fourfh,
fifth, sixth, seventh and eight columns store the
early start, early finish, latest start, latest finish

and total float respectively,

Double subscripted array containing the additional

activities to be added to array M,

A variable used for maximising the value of IEOT.
Initially MAX is set equal to zero, and it is pro-
gressively increcased to its maximum value which is

then assigned to IEOT.

Double subscripted array of size (NADXN), This gives
the deleted activities,

This is analogous to MAX., It is used for minimising
the value of LOT. Initially it is sct equal to very
large value and it is progrdssively docreased to its

minimum value, which is then assigned to LOT.



NAA
NAC

NACE

NACL

NACT
NACTL
NAD
NBAR
NBK

Double subscripted array of size (NACX4). This gives
the changed data., The first co1umn gives the row
number of'array My second column I-node, third column

J=node and fourth column duration.

A number that indicates how many values for each
activity arc being read. This helps to see whether -

trade indicator is there or not.

Number of additions.

Number of changes.,

A single subscripted variable that stores the serial
number of activities as and when they are picked up
during the search for activities entering a node,

The maximum dimension of NACE is (NACT).

A single subscripted array that stores the serial
number of activities as and when they are picked up
during the scarch for activities leaving a node,

The maximum dimension of NACL is NACT,

Total number of activities,

Latest total number of activities,

Number of deletions.

Acountgr. If NBAR is one, bar chart is produced,

Number of blocks.
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NCC Parallel single subscripted array, which stores the
serial number of those activities, which are being
carried over to the next block against latest start

time,

NCOL  The column in the array M whose values are to be

rearranged in ascending order,

NDARY Single subscripted array of node numbers, arranged
s0 that the corresponding early occurence times are

in ascending order,

NDUR  The normal duration of the project.
NDY The total duration of the project.

NES Single subscripted array which stores the quantities

that are to bz arranged in ascending order of EST.

_NODE Number of nodes. ,

NODEL Latest numpber of nodes. _
NODL  Defined as NODE-1, This has no physical significance,
NPROB Total number of problems,

NRENG Array containing the column numbers of arréy M which

are to he arranged in ascending order.

NRUN A counter, If NRUN is 1 scheduling is done directly.

If it ig more than 1 monitoring program is calleds

NSAB  Number of activitics which can be accommodated in

one blodk.



NSB Size of the block.
NSC Single subscripted array which stores the scrial
number of those activitics which'are_beingcarried

over to next block against carliest start time.

NST Single subscripted array which s tores the serial
number of those activities, carricd over to next

block against both EST and LST.

NTAE Single subscripted array that sotres the cumulative
total number of activities that enter the node and
all preceding nodes, The maximum dimension of this
ariay is NODE, No two values in this array should

be equal.

NTAL Single subscripfed array, analogous to NTAE. This
stéres the cumulative total number of activitics thaf
leave the node and all sucecding nodes. The maximum
dimension of NTAL is NODE. No two values in this

array should be equal,

NUMBC Number of columns

NUMRE Number of rcarrangements.

TA Title array which storcs the description of additional

activities.

TI  Title array which stores the title of the broblem.



T

XP

AXE

XXL

Title array which stores the description of activities

of array M.

Parallel double subscripted array i.e., (NACTxNUMBC)
against LST, which is first made blank and letter L

is punched to make .bar chart against LST.

A double subscripted array i.c., (NACTXNUMBC) against
EST which is first made blank and then letter E is

punched for making bar chart against EST,
The letter E is to be rcad as an input data.

The  letter L is to be rcad as an input data.

A blank space is crecated, E,L and blank are given in

3 alphanumeric columns in 3Al format,



5.8 ILLUSTRATIONS

To illustrate the working of the monitoring program,

3 different problems has been taken into considerations
5.8.1 Problem I

This deals with 'Excavating Trench and Laying of Pipes',
There arc total 15 activitics and 13 nodes in the network.
The total normal duration is 39 days. The following are the
dctails‘of the problem,

Basic Data -

Activity Description I-node | J-node |Duration
A - Award contract 1 2 .l
B - Clecar site 2 3 | 7
C - order pipe 2 4 1
D - Lay pipe 3 5 3
E -~ Deliver pipe 4 7 15
F - Excavato trench 100 ft, 5 6 2
G - Dummy 6 7 0
H - Complete trench 6 9 8
I - Placing and testing pipe 7 8 5
J = Continue placing ancd testing pipe 8 10 13
K - Start backfill 8 12 15
L -~ Dummy : 9 10 0.
M = Complete placing and testing pipe 10 11 2
N - Dummy 11 12 0
O - Complete backfill . 12 13" 2
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The basic network diagram is presented in Fig.l9A

and the basic schedule (computer sutput) is given in Plate 1.
Revised Schedule

Some changes are introduced in the basic network. The
changes incorporatced in the basic network arc the following :-
1. Duration

Activity F changed the duration from 2 to 4,

24 Nodes
(a) Node 8 became node 9
(b) Node 9 became ncde 8
(c) ‘Node 12 became node 13

(d) Node 13 became node 14,

3. Deletions

Activities 6=7 and 8=10 (old 9-10) arce deleted

4, Additions

Activities X (4-5), Y(8-9) and P(12-13) arc added.

' in the revised network there arc 16 activities and 14 nodeé.
The revised duration is 50 days. The pragram fakes the change
of ncde numbers and duration first. So in tho basic data the
changed duration and nodes are replaced by the new ones,

There are 2 additions and 3 deletions in this case. So first

the two deletions are replaced by the two additions. Next the



- 60 -~

~third addition is adddd as the last row of the basic matrix,
This the basic data is revised incorporating the changos; The
critical path is aisa changed, In the basic network it is
through 1,2,4,7,8, (8,10,11), 12, and 13, In the revised ‘
network it is through 1,2,3,5,6,8,9,10,11 (10,12), 13 and 14,

The reviscd data is as follows :-

Activity Description | ‘ I-node J~node<yDuration
A - Award contract 1 2 1
B « Clcar site 2 3 7
C - Orxder pipe 2 4 1
D - Lay pipe 3 5 '3
E -~ Deliver pipe 4 7 15
F - Excavate trench 100 ft, 5 6 4
X - Issue matorials 4 5 )
H - Complete tronch 6 8 8
I - Pilaco, Tost pipe . 7 9 5
J - Continuc place, test pipe 9 10 13
K - Start backfill 9 12 i5
Y « Chaocking slope 8 9 5
M - Complete place, test pipe 10 11 2
N - Dummy 11 12 0
0 - Complete backfill 13 14 2
P - Continue backfill 12 13 5

—

The revised network diagram is prcscented in Pig.i@B and the
revised schedule (computer outpout) is given in Plate 2. The
bar charts for basic and revised schedule arc also given in
Plate 1 and Plate 2 respectivelye.
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NUMBER OF NODES = 13 .
NUWBER OF ACTIVITIES = {5

=

PLATE 1 o

BASIC SCHEDULE FOR

ITTLALLLIT I LT LT LY Y]

'IPRENCHING AND 3AY1NG PIPES

EYT Y S P L P E LI AT LT Y LY YT T

CPH NETWORK TEST PROBLEM BASIC DATA

----.-------u------u-n--!~--nnl.--.--.urra

I J b 1
A=ANARD CONTRACT R B S
B-CLEAR SITE /R T B
C-0RDER PIPE /I S S T
D=LAY PIPE 3 5 3 g
E=DEL, PIPE ;1 15 s
FeEX,TRENCH 100FT, I S A
c~nunmy 61 0 71>
HeCOKPL, TRENCH 509§ g
I=L, , TEST, PIPE 7 8 5 g
J=CONt,BL, 'TEST,PIPE 8 10 13 10
K=START Aé 1l § 12 15 1
LD (1A g 10 0 11
- COMPL PLUEST,PIPE 10 i 2 13
ENIIE i 12 0 14
0 COMPL BACKFILL 2 13 2 15
**********t#t****#*#**##ttt*******¥¥##*** ****x****************#**w***#*v**#*x##**#*******X********
ACTIVITY DESCRIPTION I<NODE J=NODE pURAT  EST  EFT  LST  LPT  T,FLOAT TRADE
*****ﬁ******V***#***************#***t*****t*t**#****#******«*#*******#******#***##********#**t*k*#*
A=R{ARD CONTRACT L% 9% L F 0¥ 1k Q% 1 % g & !
ReCLEAR SITE 2% Sk 7% 1ox g% 5% (3% 4 % 2 X
C-0ROER PIPE 2R 4k pox L F o2+ Lx 7ox Q% 3
DaLAY PIPE JF 5 % 36 8§ ¥ (L ¥ )% 15 % 4 x4
E=DEL, PIE bx 7% 45 % 2% 17 F 9% {7 % ( x 5 %
EwX, IRENCH 100FT, S5 % % 2 x 1L % 13 0F 15 % 17 % 4 % § &
GeOURY By 7« 4% 13 x A3 17 x {7 % 4% 7 ¥
EnCOHPL Tazmcu 6§ % 9 x g ox 13 K 2 * 2] x 3 ¥ {4 x g ¥
I.Pb. T % g % 5 ¥ 17 % 27 % 17 % 22 % f % g ¥
JaCout, TEST PIFE 8 % 10 % {3 x 22 F 35 x 20 %+ 35 % 0 &k 4f #
K-START anéxrluﬂ 8% 12 % 15 ¥ 22 0% 3 ox 20 % 3 k0 ox {f ¥
LD 9% {0 0% ¢ ox 2L 0¥ 20 0% 35 0% 35 % {4 % {7 ¥
Ie COVPL PLTEST,PIPE 10 % 4L % 2 #1389 4 3¢ 3/ ox 3 ox Tgox 45 «x
el i*x 12 « 4 * I 3 ox 3 ox 31 % ) % 44 ox
0 CDMPL BACKFILL 0 13 9 37 0% 39 % 31 0+ 39 ¢ 0 % {5
**********;**$*¥$****¥¥*$******$********###***## FREFRRRRRORR RN ARk SR RO R R Rk R XX

R%%RRAHCEHENT IN ASCENDING URDER OF

*********x;tx*#t***#*m*#*****#***#*g*******x*;*:*******x*****x**#*#t**********x#*x**xt***x*#x*tt**t

ACTIVITY DESCRIPTION

**************#********#*****#*#************#**

A=AHARD CONTRACT
RaCLEAR SITE
C~ORDER PIPE
E.DELOPIPE

D=LAY PIPE

FuEX TRENCH 10QFT,
GeDUHY

4o COMPL,, TRENCH
I'PLQ uIEST'PIPE
L=DUHHY

KaSTART BACKFILL
J=CONT,PL, , TE5T,PIPE
it= COHPL,, PL,TEST,PIPE
NeDUMKY

Q«COMPL, BACKFILL 12

D OO OO L B O ON A L ™ P NI

——

****t##**t*****!Xt****tt*****t****

NORMAL PROJECT DURATION= 39

*“*A***-* M I JE I I M I IE I -

}

!

NODE J=8ODE  pURA EET LST F 3

L JobL U &******y;****tt**t#****#*:kxi*;*iai¥?$§;435§?§,:,»::

7 0¥ {ox b ¥ 0 % 1 % 0 % 1 %

3 % 1 #‘ 1 ¢ I 5 % 17 %, 4 % 7 %

4 ¥ *i L¥ 2% {x 2% 9 x 3%

T % 18 2 F 17 2% 1T x99 % 5 %

5 % 3 *| B oF 11 ¥ 12 0% 15 ¥ 4 x4 &

6§ % 2 *, W% 13 % 15 % {7 x4 ¥ 4 ¢

7% 5o A3 % 43 % 7 % 17 ¥ 4 ox 7 %

9 x g ¥ 13 % 21 & 27 x 35 % 4 ¥ g ¥

g4 5 A, 1T F 20 % U7 % 22 6 0 ¥ 9 %

16 * 0 21 ¥ 24 % 35 % 3 ok 44 x {7 ¢

12 % 15 % 222 % 37 % 20 x 31 ¥ 0 x {1 X

16 % (3 &0 22 % 3 X ox 3/ ok ) ok 10 X

{10 T30 3 % 37T k35 % 3 0F 0 % {) ¥

$20% g 3 x 3T 3 % 3 x 0 x4 X

(3 % 2 % 37 % 30 % 37 % 39 F (0 x {5 ¥
KRR R R ERR KRR RO R KRR R R R R XK



PROOOOR R R KR RO RO B OO R R R KR KR RS KRR R Rk R H ¢
SN, OF ACTIVE ACTIVITIES 1 2 3§ 4 & 1 § 9 12 11 10 13 14 {5
*;y;**ézxf;*EE****t;#**#**##*******#*************#a****st****#z**x***x***x*xv*xx*xxx**#xxzx&#***txt***tx
LOCK KUMBER
B RR OO RO O OO R KR RO R KRR RS R R F R AR KRR R KRRy
A-AWARD CONTRACT  #

el 3 }

B=CLEAR SITE

f

EEREEEE
LLLLELY

C=QRDER PIPE

| aatoo

EEEEEECEEEEEEEE
LLULLLLLLLLLLLL

D~LAY PIPE |
EER

LLL
FeBXJTRENCH 10071,

EE
LL

GDUMMY

L

l=COMPL, TREHCH
. EEREEERE

' LLLLLLLL

I~PL,,TEST,PIPE

EEEEE
LLLLL

B M W G M BE A IS M I I I FE IE W P I e I IE BE BT e FE DE PE I I BE M IE IE M I W

LUKy
, | .
K=START BACKFILL

IREARARN) 1
Wkt UI,JN.!«UJILL LMLA’-

EEEEEEEEEE§E§EE
& L

I FE A€ FE S IE D M W

J=CONT,PL, , TEST, PIPEX
REFEREEEREREE
LLLLLLGLRLLLE

M=COMPL,PL, TEST,PIPE
. EE
I

NmDUMHY

0=COMPL, BACKFILL
EE
| !

M**;tH***HM*H*N#*H***NH*HM**H#M**HH***#H*#HHﬂ******#*##H*#**#***#*H**H*H******ﬁ*#
4 10 20 3 40 50 60 70 80

BE M & e e I I e FE e I FE M D



NUMBER OF HODES =13
NUMBER OF ACTIVITIES =15

OF TRENCHING AND LAYING PIPES

REVISED SCHEDULE PROBLEM |

PLATE 2

BENNEsupEnN

-
J
,

LAl ELAL L AL ELLTLYELLETT LT

AL LA LI LY PL LRI PE L L LI Y T L Y

(P NETWORK TEST PROBLEM EASIC DATA

LETTR TSRS PYZ L LR L R LA L L L] LT L Ty e

A=AUARD COUTRACT
B=CLEAR SITE
(»(ORDER PIPE

D=LRY PIPE
E=DEL,PIPE

F=EX, TRENCH 100FT,
GuDURNY
H=COMPL,TRENCH
-PL.fTEST /PIPE

D3 GO O ~ TN LT feid T2 NS e bk

s S o e i

J

BRI 3= T2 BN D OO0 WD~ T -~ B L7230 Lad DD

[y
Tas

—

P g
DD LD B < LN A N OO0 T DI ST HAs B> ~di— T3

s e e e i

—
wn

1 Sad DN = <D LD TG ~3 ON U3 b L2 BN = 3

AN RNCNPARRAY AR R YRS R PR AR BN N W

THE QUANTITIES WRITTEN BELOW ARE CHANGED DATA

0y O 0 O g 9 3D A O OO T PRI N gy Py

JeCof TEST, RIPE
- st aAéKFILL
M‘COMPLoPh;TESTyplpg 19
B=DUNHY §
 OmCOMPL,BACKFILL  + 12
4 15 71 3 2
6 5 5 4
§ 5 8 8
9 7 9 5
10 9 15 13
0 1 15
7 8 16 ¢
5 13 14 2
6 1 19
§ 18 3 b
X~ISSUE HATERTALS 4
Y=CAECKING SLOPE g
p=CONT , BACKFILL 12

5
9
13

"
£
9

§

0

0

§

[ITLTTT TP YT PR PTE P LALL T L L L LY LT Y Y T T T

CPH NETWORK TEST PROBLEM REVISED DATA

CITTITI R TN PYEEL R AL A2 L LA I L L LAYt LI LI Py ] ]

UMBER OF HODES = 14
NUMBER OF ACTIVITIES = 16

A«44ARD CONTRACT
B=CLEAR SITE
(=02NER PIPE
DelipY PIPE
E=DELPIPE
P=5Y, TRENCH 100FT,
1=1530E MATERIALS
A=COHPL, TRENCH
1=PL, [EQT PIPE
J=COih L, TEST, IR
Kn 5F\RI q KFI&L
Y=CHECKING SLOPE ‘
H=COMPL,PL, TEST, PIPE
N=DiNAY
0*&7“?& BACKFILL
?'CO#T.BACKFILL

B3 Tas b I X0 D WD el ST AT oS s N IND B Bk

e

Aad 2B N Fem LD PG00 AL O LINE B O 3 L OO,

S fasta —
€Y BNO 05 BN G LI 271400 DY i fom A1 La2 bem e J i £7F

PO
2 O Cal I T O D I NI R AN A I 3



#*1$tmx#*#*#xt####*xx***######tx*#x*t#**#xx##*x*t#*tx*x***##*zt*************************#***##*t**x
ACTIVIEY DESCRIPTION ~ I=NODE J=RORE DURAY  EST EFT LST LT QAT TRADE
x*****t#****#**t#***#*#**#t*********t#***#**t*tt**##*#t:mxa*zx*:;*tx#*x***t*i**xt**z#x*#x**tt**

A-\ﬂﬁR) (ONTRACT 1y 2% { x Q0% 1 % 0% { % 0% 1%
BaCLEAR SITE 2 ¥ 3 % T ¥ ix B ¥ { ¥ g x 0 ¥ 2 %
(=0RDER PIPE 2 4x L x 1% 24 7 F g X § ¥ 3x
D=LAY PIPE I o5 % 3% 8 % 11 % g % f] ¥ 0 x & ¥
£-DEL,PIPE 0% T x 15 % 2% 1) % gk 3k 6 % 5 X
V'hx.¢hPNCH 1HIFT, 5 8% 6 % 4 ¥ 11 0¥ 15 ¢ {1 ¥ (5% (0 % 6 %
1e1850% MATERIALS 4% 5 % 21 PR 4 3 9 % 11 ¢ 1 % 7 x
H=COHPY,  TREHCH 6 F g % 8 % U5 ¥ 23 % 15 ¥ 23 x 0 ¥ B X
[=PL, , TEST,PIPE T % 9% 5 % {7 % 22 0% 23 % 28 % 6 % 9 ¢
JuCONT, 2L, TEST,PIPE 9 % 1) ¥ 13 % 28 ¥ 4] * 2 K 41 ¢ 0 ¥ {0 ¢
ReSTART RACKFILL Gox 0 15 0% 28 % 43 % 33 % 43 % 0 ¥ 1] *
{=CHECRTTG SLOPE g ¥ 9 S5 ¢ 23 0% 28 % 23 ¥ 28 ¢ 0 % 12 ¥
A=CONPL,PL,TEST,PIPE 10 % {1 % 2 % 41 % 43 x 44 ¥ 43 ¥ 0 ¥ 13 ¥
L DUHMY ¥ 120% 0oy 43 % 43 % 43 X 43 ¥ ) ¥ 14 ¥
(COFPL, BACKFILL (3% (& % 2 % 48 ¥ §) ¥ 48°% 50 % ) ¥ |5 X
P-C0iT, BACKFILL, 12 13 % 5 % 43 X 43 ¥ 43 K 48 ¥ 0 ¥ ) %
PP S DI LL FEMPSE I SINS LM S NN O ARG s PNPPPE S S e T e T

REARRANGEMENT TN ASCENDING ORDER OF

EST
*xxtx*#****x*tx«*xxz*z*x*x*t**t***********#*****#**t##**#**********#*:#*****x***x*t:xmx**xxxxtx*#*$
AFTIVImY DESCR{PYION ~ T=NODE J=HODE DURAY ~ £ST EFT LST LT f,FLOAT TRADE
SERKEFDER KRR FE AR RRE KR EERRERR CF RS DA XE X R EKE KRR A R KR AR R ER KRR R R A

A= tHRRD CONTRACT [ ¥ 2 % L F Q% { % 0k { X 0% | *
BaCliiAR SITE 2% 3 x Tk Ly g% Lk gx 0k ] f
C=(RDER PIPE /I S S T T S U T T S S T I SR SO SR B
E=0EL, P1RE iy 7T % (5% 2% 17 x. § % 23 F H ¥ 5 ¥
{-1S3lE AATERIALS 4% 5 % 2% 1k 4% gox {1 % T % 7%
DefAT PIPE 3 B x  3ox Bt 4k Bk 11 F 0% 4 ¥
FaiX, TOENCH 1001, 5% f o+ kx4 v 45 % {1 % 15 % 0.¥ g f
e COPL, TREACH Fx 8 F g ox 15 % 93 x {5 x 23 v 0 % § ¥

1=PL,,"EST, PIE T % § ¥ 5 % 17 % 22 % 13 % 38 ¥ h ¥ 9 %
EaCHECKTHG SUO0E § 04§ & 5 x 23 % B % 23 0% 28 % G & 1) ¥
KeSTART AACKPLLL g % 12 0% 5 x 05 ¥ A3 F 2 X 43 x Q% {f ¥
JSCHTRL TSI 8 E 0D Ty or gk A r il E 00
GofQuBl PLITESTIPIPE 10 ¥ I1 % 2 ¥ 4L % 43 % 4 % 43 F 0 % {1 ¥
Aa QY (% 12 % 0 ¢ A3 % 43 % 43 % 43 % 0 % {4 o6
o0 T BACKFILL 2 % {3 % 5 x 43 % 4B ¥ 43 % 4§ ¥ 0 ¥ ¥
NeC P, BACKFILL 13 % 14 0% 2 % 43 % 50 % 43 ¥ 50 X 0 ¥ {5 #
M’H*H!XW#H*t##*ﬂ*#*#**“M#**** FRH R AR LR R R R R R R AR AR XX PR p kR Lk

REVISED PROJECT DURATION= 59



R SRS R LA AR LR SR SRS LR R AR LR ER AR 2R AR RS RIS STESAR LR aRaRex g CRe Rssisssiss s sescsiszess $237
‘ S0, OF ACTIVE ACTIVITIES t 2 3 5 7 4 6 8 9 12 11 10 13 14 16

**t#*ﬁz:*?73;;***%**#*#*******#*4*#***#***#***#***##********#**t**#***##*#***x********&***t*****#***#***

BLOCK KUMBER | |

KRR E KRR E SR SRR RO S KRR KR KRR LR KR IR AR R R ER TR RO RS R R
A=DUARD CONTRACT ¥

| ~ng 2]

P=CLEAR SITE

¥ B I D B N

EFEREEE
LLLLLLL

. 3

C=0RDLR PIPL

E=DELLPIPE
FEEEREEEEEEEREE
LLELLLLLLLALLLL

X-1SSUE MATERIALS "
T

D=LAY PIPE
FEE
L

F-£X,TRENCH 100FT,
EEEE
LLLL

i=COMPL, TREMCH ‘
KEEIEREE
LLLLLLLL

1Pl TEST, PLPE
REEEE
LLELL

V-CHECKING SLAPE EREEE
LLLG

K~START BACKFILL _ -
FEFEEEEEEEEEEEE
LLLLLLLULLLLLLL

J=C0#T,PL, , TEST, PIPE ,
SEREEEEEREREE
LLLELELELELLL

#=COMPL, BL, TEST, P1PE:
EE
LL

DAY |
E
L .
pmCONT BACKFILL _
EEEEE
LLLLE
(mCOMPL, BACKF LLL
EE
L

RELSLALESEERRLRREAR AL SRR LSRR i R ALt R bt b A EERR LA AR LA RRR AL ES TR SRR Laasszatss’
0 14 20 3 40 50 60 10 80



PLATE 3

LT L L]

REVISED SCHEDULE PROBLEH 2 O/

RS pyENAA RSO RAYRRER R TNy

TRENCHING AND LAYLING PIPES

MRSt EANRESREN N AN NNG RSy

N

NIMBER OF NODES =13
NUMRER OF ACTIVITIE
CpH NETWORK TEST SpROBLEN BASIC DATH

J
A=AWARD CONTRACT
ReCLEAR SITE

C=ORDER PIPE

D=L FL2E

EeDEL.P

EoRElsbENCH 100PT.
G'DJ 11 Y
H-CD‘PL.TRFNCH

1-pl,  TEST,PIP
J=CORT,PL, 1BEST P10
K-SIART AREKFILL

L=DU MM
F-CC1PL PL,TEST, PI?E 16
NuDUHMY 1
0=C04PL, BACKFILL 12

O P IO O D o A T R e 0 O O ey 08

THE QUANTITIKS WRITTEN BELOW ARE CHANGED DATA

T o LT g D O i g o O O D ey

13 13 t 3

COOC QO TN ON LN A LN =
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than delctions,

than additions.

This first problem deals with moroe number of additions

considering the basic data.

5.8.2 Problem 2

The sccond casc is explained below,

The second problom is same as the first when

But in that decletions are more

The basic data is same as that of first problem, There

are total 15 activities and 13 nodes., The total normal dura-

tion is 39 days.

For basic nctwork diagram refer Fig,l9A

and for basic schedule (computer output) rofer Plate 1.

Revised Schedule

The changes are incorporated in the basic data. The

rovised data is as follows $-

Activity Description I-node J-node | Duration
A - Award contract 1 2 1
D - Clear site 2 3 7
C -~ Ordcr pipe 2 4 1
D -~ Lay pipe 3. 5 3
E - Dcliver pipe 4 7 15
F - Excavate trench 100 ft, 5 6 4
X = Checking slopc 38 9 5 -
H - Complete tronch 6 8 8
1 - Place, test pipe 7 9 5
J = Continue place, test pipe 9 10 13
M~ Complete place, test pipe 10 11 2
N « Dummy 11 12 0
O - Complote hackfill 12 13 2
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/
Total number of nodes aftor rovision is 13 and number of

activities is also 13, The rovised duration is 45 days,.

The changos incerporated in this case ave the following &=

1, Duration

Activity F changed the curation from 2 to 4.

2. Nodes
(a) Node 8 bucome note 9

(b). Nede 9 bacame node 8

3. Decletions
Activitics 6~7, 9-12 (old 8-12) and 8-10 (old 9-10) are

deleted.

Activity X (6-9)is added,

In this casc first of all activity F'which changed duration,
the nodes‘S and 9 are roeplaced by the now ones. Therc are 3
deletions and 1 aldition. One deletion is renlaced hy the |
aidition, The oxtira deletions are shifted to the last part of
the matrix ond cach time it_is shifted the activities become
one less, so that finally the total number of activities
are (15-2) i.c., 13, Theeritical path is through 1,2,3,5,6,8,
10,11,12 (8,12) and 13,

The revised network diagram is presented in Fig,19C,

The rovised schedule and bar chart are given in Plate 3.
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5.8.3 Problem 3

From the netwosrk diagiam for 'SCOPE' office complex,
a small part is taken into consideration, It is fed as
data to test the monitoring program, The only change in it
‘is its duration., For the details of this part refer

Chapter 6.
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CHAPTER~-6
REVIEW OF CASE STUDLES

6.1 INTRODUCTION

The case studies relate to the netw rk scheduling
and monitoriqg used in two separate buildings under
construction. One i§ 'SCOPE' office complex, New Delhi,
and second is 'Zcecrox complex! at Rampur. 'The management |
part of these projects are done by the management wing:
connected with the Architect's office. The project manage-
ment wing, who has done 'SQOPE!', has got more experience
than those who has done Zerox complex. Zerox complex is
their first;project in which they used management technique.
In SOOPE the computer has been used for scheduling, for
daily schedules of labourers, materials eﬁc. The typé of
technique used, is differznt, In SCOPE the CPM netwrk
i¢ used, and in Zerox complex preccdence network is used.
Both.these techniques have their own advantages and dis-
advantages. But thoefact is that one will find it easier
to use one technique, if he is used to it. If one person
. 1s accustomed with CPM netﬁorks, he will find it difficult

to work on precedence network and vice versa.
6.2 SCOPE OFFICE COMPLEX

This is a seven storeyed building with tw basements.

Total floor area excluding basement is 70,000 sg.m. The



total area is divided into 8 cores with independent stair-
cases (Fig.20A). Estime ted total cost is around 15 lakhs.
Each floor is divided into 8 regions and physical division

of network is done accordingly.
6.2.1 Schedule
Basic Schedule

The first step to start the project management is the
discussion with the contractor. It is the contmctor who
decides about the duration, sequenc of works etc. It will
be checked by the management team latcer. If there are mani-
pulations it will be pointed out by the manager and the
contmctor and manager will try to come to a compmmisc.

In any case if contractor is failing to make the basic
schedule, the manager has got the right to make the drgwings
himself. In that case contractor is forced to accept it.
But in most cases contractor will prepare the basic network.
It need not be much sophisticated or upto the standarxd.

What the project mnager needs is the approximate duration
and the sequence to which the contractor can sticke He
will do this according to the availeability of resources

like money, materials, labourcrs etc,

In this 'SCOPE' complex, the management scction took

over the work aftcr some months, So by that time foundation
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13. Internai stone cladding and Kotah stone
flooring.

14, Marble Gladding and flooring Lift lobby

15, Intcrnal scrvices water supply and seweragc.

16, External sewerage and drainage.
Brief déscriptions of these itcms are given below.
l« R.C.C. Structure (Fig.A)

Upto 6th floor columns were over and this part of the
network dcals with the rest of the s tructure like columns
above 6th flecor level, roof slab, liftwell in the cores 1 and

5 ectc.
2. Lower Basement (Fig.B)

The work lcft in this part are the following :=

Refill slab

Brickwork in diffexent areas
P.C.C, over re¢fill slab
Floqring hardonite

Door frame

Door shutters

Distemper, paint and pclish,
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and a part of the structure was ower, From that position,
the contractecr prepared an overall schedule for the complex.
Since it is a big project and the drawings cannot be prepared
in the same sheet they have split it into different parts

and linked with connectors. Refer Fig. A to J for the

basic network. It also giVQS'the revised network. The-
project started on April 1983. First of all they wanted

to finish it by January 1985, So accordingly the basic

schddule is prepared.

The overall network diagram is drawn in the following

order

1. R.C.C. structure
2., Lower basemocnt
3. Upper basement
4. Ground floor

5, Mczzanine floor
6. First flocr

1o ‘Sécond Floor

8. Third floor

9, Fourth floor
10, Fifth floor
11, Sixth flooxr -
12, Above 6th floor
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13. Internal stonc cladding and Kotah stone

flooring.
14, Marble C6ladding and flooring Lift lobby
15, Intcrnal scrvices water supply and sewerage.

16, External sewerage and drainage.
Brief descriptions of these itcems are given below,

1. R.C.C. Structure (Fig.A)

Upto 6th floor columns were over and thié part of the
network decals with the rast of thestructure like columns
above 6th floor level, roof slab, liftwell in the cores 1 and

5 etc,

2. Lower Basement (Fig.B)

The work lcft in this part are the following :=

Refill slab

Brickwork in diffcrent areas
P.C.C, over recfill slab
Fleqring hardonite

Door frame

Dooxr shutters

Distemper, paint and polish,



3.

4,

5.

Upper Basement (Fig.B)

In this area work to be done is shown
Door frame timber,.
Door shutters.

Distemper, paint and polish,
Ground Floor (Fig.B)

Lefﬂ‘over>brick.

Kotah stone fiodring.

Door frame timber,

External stone cladding.
Glazing.

Waterproofing in open area.
Marble flopring in general arecae.
Internal stone cladding.
Painting and polishing.

Floor polishing.

Mezzanine Floor (Fig«C)

Left over brickworke.
Door Frame timber.
Internal stone cladding.
Left dver plaster,
Delivery doot shutters,

External stone cladding.

as
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Painting and polishing of shutters.
Glazing,

Window painting and floor polishing.

6. First Floor (Fig.C )

Left over brick work.
Door frame timber,
 Steel door and window fm mes.
- Plastering.
Terrazo flooring.
Cement flooring.
Grinding and cutting.
Glazing,
Door Shutters in general area
Painting and polishing of doocr shutters.
Painting walls and celling,

Window painting and doer polishing.
7. Second Floor (Fig.D)

Left over brick work,

Door frame timber.

Steel frames for doors and windows.
Plaster, |
Terrazo flooring,

Cement flooring.

External stone cladding.
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Door shutters in general area.
Painting and polishing door ‘shutters.
- Glazing.

Window painting and floor polishing.
8., Third Floor (Fig.D)

Left over brick work.

Door frame timber,

Steel frame doors and windows.
Plastering.

Terrazo flooring.

Cement flooring.

Grinding and cutting.

External stone cladding.

Door shutters in general area.
Painting and polishing door shutters..
Glzzinge. )

Painting walls and ceiling,

Window painting and floor polishing.
9, Fourth Floor (Fig.E)

Brickwork.
Door frame timber.
Steel door and window frame.

Plastering.



Terrazo flooring.

Cement flooring.

Grinding and cutting.

External stone cladding.

Door shutters in gencral arecas.
Painting and éolishing door shutters.
Painting walls and céiling.

Glazing.

Window painting and floor polishing.
10, Fifth Floor (Fig.E)

- Brick work.
Additional fins,
Steel door and window frame.
External s tone cladding.
Grinding and cutting.
Plastering.
Terraze flocring.
Cement flooringe.
Door shutters in general arca.
Painting and polishing door shutters.
Glazing.
Window painting and floor polishing.

Painting wall and ceiling,



11. Sixth Floor (Fig.F)

Brick works,

Additional fins.

Door frame timber.

Steel door and window frame.
Plastering.

Terrazo flooring.

Cement flopring.

Door shutters in generél arcae
Painting and polishing door shutters,
Painting wali and ceiling,
Glazing.

Window painting and floor polishing.
12, Above 6th Floor (Fig.G)

Brick work,

Steel and timber door frame.
External stone cladding.
Plastering.

Flooring.

Roof heat insulation,
Glazing,

Window paintihg.

Door shutters.

Water proofing.



Terracing.,
Site clear,

Hand over.

13, Internal Stone Cladding and

Kotah Stone Flooring (Fig.G)

This part deals with the Kotah stone flooring

and internal s tone cladding in all floors,
14. Marble Cladding and Flooring Lift Lobby (Fig.I).

SCI fix.
- Rain water pipe.
Lean Concrete filling.
Marble flooring in toilets.
Ceramic and glazed tiles in toilets.
Door shufters in toilet,.
- Brick work and door fi xing.
| Sanitary fixing.

Testing and commissioning sanitary system.
16. External Sewerage and Drainage -

Earthfill and consclidation.
Construction of mamhole covers.
Layihg and jointing sewer linews,

Construction of manhole for water drainage.
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Laying water lincs,

Testing and commencing waferlines.
Laying and jointing rain water.
Pipe line.

Testing and ccmmissioning rain water pipe line.

From the above list of activities it can be seen that
in all floors the work is almost same since it is single
block and all the floors arc similar. Sowork is taken floor °

by floor. So once the same}catégory of work is completed in

one floor, it can be started in the next floor.
Revised Schedule (Fige A to J)

When the construction was in progress they decided to
speed it up and to complete by October '84, It was due to
the fact that if it can be completed three months before
the original schedule,‘the benefit will be mere when compa red
with the total additional cost that to be spent. For that
they reduced the duration cof certain activities, without
disturhing the sequence, In' (Table 1) the activities, I-nodes,
J-nodes, old duration revised duration and reduced duration:
are given., Door shutters, stone cladding, plastering, and
flooring are the main items in which the time is reduced.
This is done by increasing the numbcer of labourers for

these itemse.
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6.2.,2 Labour Norms and P¢r Day Output :

The duration for each activitics depended on the
materials and manpower available., Nctwork diagram was
drawn assuming that the¢ matcrials were availables If some
unavoidable circumstances arise like shortage cf cement
and steel, that should be taken into account., In this
project it is assumed that materials are a?ailabléeat time.
‘The next factor is manpower. It should be'calculated that
how much manpower is required for each job. Th:n it should
be compared to the awilable number. For calculating the
manpower for each work, elthcr the contractor can f indout
the number from his experienc or he oan adopt some standard
norms derived by some other organisation, In SCOPE complex
the NBO (National Building Organisation)lLabour Norms are
useds But since tho managemaent team was not satisfied with
some of these, they made some changese Table 2 A gives the
norms for SCOPE office complex. For each item it gives

the required manpower for certain quantity of work.

From these nerms it can be seen that for certain amount
of werk certain manpower is roguireds The total quantity
of work can be calculated. Table 2B gives per day output
required for completion by January 1985. In this case it
becomcs easier to check the progress of the work done per

day. In the monitoring stage it will be useful.
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6.2.3 Division of Network

As stated in the introduction part of this chapter, -
if the Fig.20A is referred it can be scen that the total area
of the building is divided into 4 ;egions and 8 cores. Since
it is similar in all floors the network can be divided into
different parts, insuch a way that it represents cycles or
chains, In Fjg.21 the cycles used in different pmrt is shown,
In that network nedes 1 to 18 represent work in one zone
(either 1 or 8, 7 or 6, 4 or 5, 2 or 3), and nodes 19 to 35

represent work in the other zone.

Cycle time for a zone is 22 days. Node 15 is the
start of the second cycle beginning with node 1 again with
similar progress in other floors, From the node 1 the work
for anyone¢ region will be started, Node 1 to 18 gives the
column reinforcement, column shuttering, column concreting
slab shuttering, slab reinforcement and slab concreting for
onc redgion. when the work is completed it will take for
another region. SimultanGOUSly‘with the first cycle, nodes 19
to 35 can be used for another region. By the time this is |

over the cycle (1 to 18) will be already started,
Core Region

Fige 20B shows the cycle of activities for the core
region., It consists of the following activities := column

reinforcement, cclumn shuttcring, column concreting, slab
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shuttéring, slab reinforcement, slab concreting, staircase
shuttering, staircase_reinforcement and staircase concreting,
From Node 1 to node 11 column and slab work will be over and
it comes to the node 1 for sccond cycle, Simult neously the
staircase work will be over and node 13 will be comnected

to node 5 for all the core region, Fig.20C gives the total

works involved in each region.
- Structural Work

Fig, 22 is a revised form of the structural work. It
consists of three cycles. Node 1 to 20 is the first cycle,
node 24 to 46 is the second cycle and node 40 to 53 the third
cycle.. These cycleé will be repeated until the partialar

work'is over,
Finishing Work

Fig. 23A refers to the electrical work,

This includes ;

Brickwork.
Conduits/Boxes fixing.
wire pulling.
Plastering.

Under cushion,
Painting.

‘Electrical fitting etc.
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From Node 1 to node 14 one cycle progresses in one region,
Again it will be repeated in other region ' Fig.23B gives

the work in the toilet area. This part includes :-

Brick work

Conduit boxes fixing,
Sanitary water piping.
Sanitary fixtures.
Plastering.

Stone cladding.

Under cushion.

Floor skirting,

Curing and polishing..
Fixing door; window and glazing.
Final finish.

Electrical fittings.

From node 1 to 18 the finishing work in the toilet area
in each region is progressed, After completing one region,

it will he repeated in other regions also,

6.2.4 Bar Chart

Bar chart is the carliest technique by which one can
see the progress of the work. From network diagram bar
chart for different regions will be drawn. From a bar chart

at a glance we can tell that whether cne work is in time,
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ahead of time, or behind the time. First of all the bars
will be drawn for all the work in a time s@ le. At a point
in time the bar can be shaded to show the progress of work.
In Fig.24 bar chart is drawn for all the work in the work in

SCOPE complex.
6.2.5 Use of Computer

Computer had been used for scheduling purpose. A sample
computer output is presented in Tabl: 34, The daily schedules
were alsoc produced fhrough computer, Table 3B gives a sample
computer output for daily schedules. From this day by day

demand of materials for different items is got., Refer Table 3C.

6.2.6 Progress Report

In each weekFthey prepare a progress repdrt (Table 4A).
From”the prbgress report the week farget and achievement in
cach week for different items is given, Also cumulative
target and achievement is also given., So shortfall can ke

casily make out per different items of work.
6.2.7 Monitoring of Wotk

If the different cycles of work is concerned they are
particular about the compietion of each cycle. If it is a
22 day cycle they will see that the work is completed in the
22nd day itself. In between if there is any lag, it will not
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TABLE 3C

DAY | VARTEN- BAgégﬁ“ M4 SON LABOUR TOTAL
i 2 3 i 5 3
1. 144.0 231.2 9.9 588, 8 974.0
2, 147.5 141.2 9.9 472,6 771.2
3. 141.,2 144,0 9.9 468.5 763.6
4. 3.5 141,2 14.6 339,4 498, 7
5. 3.5 141.2 13.6 3%0.1 488.4
6. 9,7 141.2 9.9 00,4 461 .2
7. 947 9.0 9.9 31,7 341, 3
8. 3.5 92,8 13.6 265, 1 375.0
94 3.5 0.0 14.6 270.8 378.8
10. 3.5 90.0 13.6 261, 4 368.5
11. 3.5 0.0 13.6 261, 4 368.5
12. 9.7 0.0 9.9 111.1 1.7
13. 9.7 0.0 13.6 148.6 172.0
14, 3.5 2,8 13.6 144,5 164.4
15. 3.5 0.0 14.6 150.2 168.2
16, 141.2 0.0 13,6 313.0 467,9
17,  147.5 0.0 9.9 283.3 440,7
18,  144.0 0.0 13.6 316.5 474.1
19.  275.5 54 13.6 553, 2 896. 4
21, 275.5 102.5 13.6 618.1 1009.8
22,  28l.8 102.5 9.9 588.5 - 982.6
23. 28l.8 102.5 9.9 588.5 982.6
24, 137.8 . 195.3 £ 9.9 532.8 875.7
25, 275.5  192.5 10.8 710.6  1189.4

AVER- 109.4  87.8. 12,2 ' 376.3 585, 3
AGE . o

DEMAND




T

. de

-

8+ 8¢ 00 Ge ST/0rT €8T  p8°TT*0e  -06£/0T6T W SIOM JOTXg
S - BUTXTI OUWE s
8GT ot 89T - €S o1 P8TT"Ce v 16 *SON - MOpUTM Ta3%S
- *n3s BUTIOOTT
BUTYS TUTH
TeIMONI}S
) W 8 1<
b 0%
peAdtydy |18bIelpaastydy: 1ebaer| dn paa uoty - v8°8°T W
syIeu| TIEJ $8°8°8¢ OF | BB '8¢ Uuo butpus} -styoE -9 7dwoo | uo se asu £
-9 |3I0ys | dn 8AT}RTNUWND | Y83M 8yl BUTIn( e) J0 910! ~eTeg AD! 31TUun qIOM IO Wy T

¥y d1gvl



be considered. But it makes the speeding up of that work.
Even if one cycle is not finished by time, the next cycle will
be started by time. Otherwise every work will have lagginge.
Simultaneously they try to complete the previousvcycle. IB a
large pm ject like this it is not.easy to see the small
details, So they try to complete the cycles in time and try
to start the cycle eventhough the previous one is not finished.
If there is major change they will change the network and
duration. Like,when the date is shifted from January '85

to Ocfober '84 there was a major change. So they had to
schedule again. Since they use computer they could get fhe
schedule easily. Monitoring depends upon the progress reports
and computer outputs. From these two things they will get
the idea about the progress of the work. Also from bar

charts the progress: of work is obtained,

In most bf the weeks, they cbnduct meetings of con- '
tractors, enginszers-and prﬁj@tf*ﬁéﬁﬁééf;WJﬁégf df‘fhé”aé;igi;;§
will be taken by discussions. The different agencies doing
the work is also called on for discussions., So their opinions
and problems can also be taken into account. It is difficult
to decide these things by the pmoject manager alone. 'So the

meetings and discussions are a, must.in themonitoring phase,



6.3 ZEROX COMPLEX

It has 139 activities overall including installation
of equipments and m chinery., The precedence network me thod
is used. Total duration of the project is 83 weeks., The

different areas in the project are:=

1. Main plant arca, divided into four sections,
2. Utility building.

3. Toner and developer building.

4,‘ Overhead water tank,

5. Fire protection system.

6. Effluent treatment system.

7+ Uninterrupted power supply system.
8. Installation of eguipments and machinery.
In Fig.25 overall network diagram is presented and in Table 4B

the details of activities arc given. The work started on

August 1983,

'Tﬁg;first step they have done is making the overall
network di agrams. For convenience they have divided it into
different parts according to the different areas, So\if.will
be easier to handle c¢ach area., The duration and labour norms

were taken from the oontractor. This will be checked by the

engineer who i's ‘reﬁponsiblé for it. |



TABLE 4 B

R e T v, -

No.  ACTIVITY DESCRIPTION  DURA- EST EFT LST LFT TOTAL

~ TION FLOAT
(WEEK)
1 ' 2. e e 2 A 5B 1. 8
1. Approval ef preliminary 0 0 0 A 0 0
design report
2. Design tender and award 2 0 2 5 7 5
of contract
3.  Site Mobilization 2 2 4 7 9 5
4,  Earth filling-Main plant 4 b4 8 9 13 5
5. Design and issue of tender 5 0 5 0 5 90
: documents '
6. Evaluation of tender _
‘and award of contract 5 - 10 > 10 °
T Site Mobilization 2 10 12 10 12 J
8e Preparation and Approval 2 10 12 13 15 3
of construction drawings.
9. Stone cvlumns, Assembly/ 3 12 15 12 15 n
- Store
1S. Stone colums,Ectrical, 2 15 17 15 17 v
Mechanical paint shop.
11. Stene celumns photo~ 117 18 17 18 . 0
recep‘tf)r and lab T ey s s e e e gty G e e e e
12, Stone columns 4dmin, 3 18 21 18 21 0
Canteen,Workers entry
13, Earth fill, Water tower 2 b 6 21 23 17
14, Stene oolumn water tower 1 23 24 23 24 9]
15. Footing and plinth beam 5 43 18 13 18 0
16, Footing and plinth bean 5 16 21 16 21 O
17. Footing and plinth beam 4 18 22 18 22 0
18, Footing and plinth beam | 6 21 27 21 27 ”g
19. Raft construction 2 24 26 24 26 ~0
20, Tender Propyand  issuer &0 kb 0 6. .28

3 B st o

Wi ot ee 3w . - .
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1 2 L 5 & 7 8

21, Finalisation of design 36 ¢ 36 e 36 O
requirements drawings

22, Evaluation of Tender, 7 8 15 8 15 o

- Award of contract

23. Site Mobilisation 2 15 17 15 17 A

24,  EBarthfill etc.Tower Dev- 2 4 6 31 33 29
eloper Building |

25, Stone column & Footings 3 24 27 - 33 36 9

26. Construction of columns 6 17 23 17 23 N

27, Filling hard care pest 4 21 25 21 25 "

- control

28, Construction of folded 22 23 45 23 45 0
plate roof

29, Brick work and partition 8 39 47 39 47 0
wall _

30, Plastering of walls 7 ke 49 k2 49 0
31 Fixing doors, windows 8 43 51 43 51 30
‘ ‘and glazing | '
32, Floor slab, floor finish 7 Lty 51 47 54 3
33, Construction oi_gglumns 65 ;_17 23 17 23 0

- ) e e et e g o o o o o 3 e e - 1 - . =

34, Filling hardceore pest- 9 25 28 25 .28 o
control

35.7 Construction of beams 16 27 4% 27 43 0
and roof slab

36, Brickwork and partition 6 39 45 39 45 o
wall

37, Plastering of walls 7 4o L7 L0 47 o)

38, Fixing doors,windows 5 k2 L7 b2 47 9
and glazing ’

39. Floor slab, Flocr finish 6 42 48  AB 54 6

40. Construction of columns 6 21 27 21 27 o
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41, Filling hardcore pest 2 27 29 27 29 ¢
control

42, Construction of beams and 15 29 44 - 29 44 )
slab,

43, Brickwork and partition 8 38 46 38 46 0
wall

44, Plastering of walls 7 41 48" 4 48 ]

45, Fixing doors, windows 5 43 48 43 48 0
of glazing

46, Floor slab floor finish 6 43 49 56 62 13

47, Construction of columns 7 25 32 25 32 0

48, Filling hardcore pestcontrol 4 30 34 30 34 6

49, Construction of beams = 18 32 50 32 50 o
and roef slab

50. Brickwork and partition 7 45 52 45 52 .
wall

51. Plastering of walls 7 41 48 41 48 0

52. Fixing doors, windows and 6 48 54 48 54 0

H””“uﬂGlaZLPE P

53, Floor siab and fioor ffﬁfsh“Tw*“~A9~ 56 63. 70 14

54, - Construction of R,C.wall ‘@ 26 36 26 36 )

at +17M

55. Slab at +17M levelevel 2 36 38 36 38 0
and columns upto bottom .
of tank

56, Bottom slab of tank and 5 .38 43 38 430
tank walls . , o

57. Tep slab of Tank & parapet 2 43 45 43 45 0

58. R.C.,C,stair, Railing,
ladder and plplng 8 | éo 48 Lo 48 ¢

59, Fixing doors & windows 2 46 43 L6 48 0

60,"Pginting o 4 48 52 hg 52 0
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61. Completion and handing over L 49 53 49 53 0

62. Construction of columns 8 36 44 36 44 0

63. Filling hardcore pest control 3 42 45 L2 45 0

64, Beams and Roof slab 18 byt 62 44 62 0

65, Brickwalls, R.C.and parti- 16 48 64 48 64 @
tion walls

66, Plastering of walls 7 59 66 5 66 0

67, FIXIEG dcors, “indos 6 60 66 60 66 @

68, Floor slab, floor finish 9 61 70 62 71 1

69. White wash, painting 9 62 7 62 7 )

70. Layout,excavation, founda- 6 20 26 23 29 3
tion,footings-utility :
building,

71, Backfilling and hardcore - 4 25 27 26 38 3

72. Preparation,Approval of 6 19 25 19 25 0
shop drawings

73, Fabrication of stocl structurel0 25 35 25 35 J

74, Eraoction of portals ' 9 27 36 27 36 N

- 75 Reefing-and-sidé - sheeting. . 535 _40: 39 4k - 4

76, Construction of Mezzanine = 7 34 & 34 I )
Brickwork.

77. Fixing door,shutters, 7 37 L L7 54 10
windows plastering,white
wash

78. Machine fdﬁhdations; 6 38 Lty 38 L4 0
Handling equipments. B .

79. Flooring and floor finish 3 43 46 53 56 10

80, Finishing and handing over 2 4s 47 55 57 10
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W1r1ng,f1tt1ngs, DB, SDRB.

e R 8 & iy rt.xxox..l.‘h

5 12'

N ki

T.. - A -1
81. Tender preparatlon and 4
_ issue tender
82. Submission Evaluation 2
of Tender Award of con-
tract HT,LT,Panel Transf-
ormer Sub-Stn.and Related
works,
83, Construction of outdoer 4
switch board
84, Installation upset metering 1
for 33 KV supply
85. Manufacture of HT,LT pa- 32
- nels
86. Delivery of HT,LT panels to §
site.,
87. Installation of HT panels 2
88. Installation of HT par..s 2
in utility building.
89, Manufacture of transformer 32
90. Delivery.of transformer 1
to site
91. Installation of transformer 2
92, Layout of HT _cablesy. coupl— B
-7 ing HT panels,transforme
| and upset supply
93, Couple LT panel and trans- °
former by Bus Duct
94, Submission, Eval.of Tender 12
: Award of Contract
95, Manufacture of DGSET 16
96, Delivery of DG SET to site 1
97. Installation of Equipment 13
in utility building.
98, Installation of essential 3
- panel
99, Layout,installation cables

ket e enEa

S N S AN
3 L 9 10 6
4 6 10 12 6
6 18 46 50 40
10 11 50 5 40
6 38 12 L4 6
38 43 44 49 6
43 45 52‘_ 54 9
43 45 49 51 6
6 38 16 48 10
38 39 48 49 10
39 41 49 51 10
4 5mm Lg 5 1 s 54, R “-6-
48 50 54 56 6
8 20 15 27 7
20 36 27 43 7
36 37 43 Ll 7.
Lo, 57  4Lb 57 0
54 57 54 57 ]
b5 57 45 57 o



upto toner and developer
building.

T, 2 Y " N Y
108, Layout,installation,cables 12 49 612 50
wiring,fittings, DB,SDB
in Main plant Area C&D
101  Layout,installation,cables 19 61 71 &
wiring,fittings,DB,SDB,
in Toner and Developer
Building.
182  Design Tender preparation 6 8 6 9
- shert list contractors
103, issue,submission Evaluatien 13 10 23 16
of Tender HVAC
104, Award of contract HVAC 1 33 34 33
105, Ducting,piping in and up
to areaé A & B Main plant ie 45 55 45
106, Supply,Delivery of HVAC 7 46 53 46
Equipment.
107, Installation of equipment 6 49 55 49
108. Coupling and Testing 2 55 57 55
109, Ducting,piping in and '
upto Aréas C&D Main 10 20 60 53
plant
118, _Coupling and-Testime, = 2 o0 62 63
111, Issue,submission 13 10 2% 20
evaluation deionised Water
supply tender .
112, Award of contract 1 33 34 4%
Deionised W/Supply.
113, Supply Delivery of 8 34 L2 44
114, Installation of Equipment 3 42 45 52
115, Ducting,piping-in and 8 3L 42 73

7T
62 1
71 0
6 0
23 )
3% 0
55 ¢
55 0
55 0
57 0
63 3
65 3
55 19
W 10,
52 40
55 10
81 39
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— g g, 5 2 7 5
116, Coupllng and testlng 2 55 57 81 8% 26
117, Piping in paint shop A 3G 38 51 55 17
118, Coupling and testing, 2 45 47 55 57 10
119, Issue,submission compre-

ssor %ender toner and 15 6 2 45 60 39
Developer building, ,

1?0 Award of contract compre-~ 1 21 22 60 61 39
ssor tcwer & Dev, '

121, Deli oy of compressor 16 22 38 61 77 39
to site

122, 1Installation of compressor L4 4t 48 77 81 33
in u‘bz.ln.ty building.

123, 1Issue, submission compre- 1 6 7 38 39 32
ssor tender assembly,
paint.

124, Award of contract -
sonpressor Assembly, 1 7 8 39 4o 32
paint,

125, Delivery of compressor 12 8 20 Lo 52 32
to site.

126, Installation of compressor 3 44 47 52 55 8

127, Piping for compressed e Lol ol

e e AP iniTons& DEv-rand S =l 26‘“77 81' 55

upto utility bldg.

128, Coupling and testing. 2 Lg 50 81 83 33

129, Plplng for compressed
air in Main plant Bldg. 6 55 4
and upto utlllty bldg.

130, Coupllng and testlng 7 5 5 5 57 4

’ 131. Whlte wash,palntlng 5 47 52 49 54 2



of fire fighting equp.
and handing over,

o 2 I T 78
132, Whitewash,painting 7 43 S0 47 B4 4
133, Whitewash, painting 6 55 61 56 62 1
134, Whitewash,painting 8 55 61 62 70 9
135, Completici,.leaning and 3 54 57 54 57 o
handing over
136, Completion,cleaning and 3 54 57 54 57 0
handing over, '
137, Completion, cleaning and 3 61 o4 62 65 1
‘ handing over, ‘
138, ,Completion,cleaning and 4 61 65 70 74 §
handing over
139f Completion installation 12 7 8% 71 83 .



6.3.1 Monthly Progress Reports
6.3.1.1 Progress Report for May 1984

Construction proceeded apace during May 1984. The
minor structures (security block, driver's toilet; underground
water reservoir, pump house) otc. werc either completed or
ncared completion. By the end of the month 2100 m2 of
foid;d}plate rocf was completed in the main plant building.
in area B 1900 m2 of roof siabs were concreted. 'Brick walls
had.beén constructed in photoreceptor and most of the above

mentioned areas. Fabrication and erection of steel skeleton

and roof sheeting for the utility building were completéd.
~ Main Plant Building - Assembly Area

Six sets of folded plates covering an area of 10 m x ¥'m

have been completed. However, against a target of 900D m3
5 )

conereting-only-100-m 766ﬁtd”b§”ééﬁié%éaff:M73°UNIféEﬁ;®é;§
instructed to mobilise én additional set of shuttering and
other necessary resources. M/s Unitech however felt that,
with the available 5 sets of shuttering, they would be able
to maintain a 35 day cycle for casting of foldedvplates.
They will ensure that no further slippage occur and will -
endeavour to make up for the earlier shortfalls. Brickwork

and fixing of windows have also been taken up.



- 83 =
- Main Plant Building =~ Other Areas

Roof slab in area 'B!' aret be completed by June 20,'84,
The quantity of concreting fell behind target by about 60 m3
because of delay in finalising roof cut out locations., This
short fall will be made good by providing additional shuttering
and manpower. A panel wise programme for casting of slabs
in this area has already becn issued at site. Equipment
details for.electrical and mechanical workshop ares till
awaited for finalising the foundation details, Subsfantial
progress has been made in construction of br ¢k walls in
photoreceptor area. CES have however cautioned that
additional masons should be deployed to maintain the pace

and meet the targets for the following weeks.,
- Toner and Developer Building

Detalls of footing have already been issued by CES
(Consultlng Englneerlng SerV1ces) ) The process ‘CoHsUItANtS
KTI, wanted the height of the building to be 8 m + 3 m instea
of 5m+ 3 m-as decided earlier., After discussion with Mx,
the increase in height was restricted to 0.5 me This would
entail an additional expense of approximately Rs.100,000 on



- Utility Building

Erection of all portals was completed by May 12,
Roof sheeting comﬁenced on iay 20, and was over by the end
of the month, Work began on the constmction of m chine
foundations and cable trenches. Generator foundations is
schediled to be cast 5y 4th June 1984, Trenches and floéﬁ.ng
in this area would be completed by June 15, It was also deci-
ded to expedite flooiing and trenches of HT and LT Tooms,
Details of the aif cohditioning plant, after cooler and
main ccompressor are yet to be finalised. The foundation
for these arcas would be finalised as soon as these details

are available.
= Culvert at Main Entrance

7 An 8 meters wide nullah -runs “between the front ‘boundary-

Wall and tﬂn mtional highway. A slab culvert is being
@nstructed at the main entrance to span across this

channelo
Ac<ess Roads- '

Subgrade for roads has been completeds Water bound
macadam topping has been laid over a length of 925 m, a1l
essential roads are expected to be completed with in June

before the oneet of the monsoen,



=~ Overhead Water Tank

The viewing gallery at a height of 17 meters has
becn completed. Construction of the Teservoir shall

commence at the end of May,
- Listing for next month

After completing the progress report of one month,
the listlng of works for the next month is done, Listing

of June 1984 is given in Table 4c.

6.3.1.2 Progress Report for July 1984

= Main Plant Building - Assembly Area

Fifteen sets of folded plate have been cast, These

cover an area of 5250 m2 out of 7700 m2. Brick work between

assembly and store area is in PIogress and expecfed to be

completed by the second week. of -August, 1400 mg-of?f%ooffhé

is complete and progress is on schddule, G.I. strips upto
200 metres for lighting protection have been laid. The

aircondltlonlng duct fabrication is in progress. Erectlon
of same is expected to start from the first week of August,

Plasterlng zs in progress ang 50/ of the w1ndows have been fixed...

in this area,
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-~ Paintshop/Electrical, Mechanical
The brick work is under comple tion.
- Toner and Developer Building

The hbld on the foundétion's has been released and
drawings for the same for ihe steel structures have been
issued. Fabrication of work for columns has commenced. No
progress, however, is rcported in civil works, exccpt for

the foundation, for which work was completed earlier.
- Utility Building

Most of the building work have been completed,
‘Finishing work and machine foundation for the aireconditioning
plant room are in progress. The details of the Toner

Compressor foundations have been finalised.
~ 33 KV Station.

Foundation in substation have been completed., The
¢rection of steel structurcs and the installations of trans-

formers arc cxpected o commence by the 7th August 1984,

- Access roads and parking area

PRI TP

200 mm thick water bound macadam in parking areca is 0%
complete and paving works in portion between security block

and site offices is in progress. The remaining roads and



pavements are under hold, pending decisions rzgarding the

dcletion of the administrative block.
- Boundary Lighting Poles

17 Nos. poles along fmnt boundary wall including
cabling, have becn fixeds Junciion box fittings are in

pProgress.
-~ Overhead Water Tank

The construction of tower has been completed.s The

piping work will be taken up thereafter.
~ Listing for August 1684

Table 4D gives the listing for August '84.
6.3.2 Progress Moniforing Chart

Progress Monitoring chart is prepared for each month.

Fig.26-gl.ves the plogress monitoring chart for the month of

July 1984, From that the target and actual can be found
out. So in the reviewing date we can see that whether the

work is in time, ahead of time or behind time.

6.3.3 Estimated Manpower Roguirement

Manpower requirement for each work/week will be calcula-

ted, In Table 5 estimated manpower rq»uiremeb& for HVAC

works for main plant and utility building is given,
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6.3.4 Construction Programme

Tables 6,1 to 6.5 give construction programme for
different areas. In that the target i.e,, the quantity of
work to be ;ompleted, actuol i.e.,, actual quantity of work
achieved, target cumulative i.e,, the total quantity of work
to be cobpleted and actual cumulative i.e,, the total

quantity of the work achieved is given,
6.3.5 Bar Charts

From the original schedule and progress schedules bar
charts for different areas are drawn. Fig.27 gives the bar
chart for assembly arca. Two bars are drawn for ecach work.
One is for schedule and the other is for actual. In the date
of revision the actual will be shaded to show the progress
of worke Fig.28 gives the bar chart for fire protection
system and Fig.29 gives bar chart for supply erection and

commissioning of pusba? trunking.

6.3.6 Project Cost Report

Project cost report for land site, development and
building is prepared for every month, The report contains
the following points,

l. ﬁéééription.

2. Contractor. - S \
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3. Budgeted sum.
4, Contract valuec.
5. Revised sum.

6. Over runf/under run and romarks,

The summary of a project cost recport is as follows :=-

It Budge téd Revised Over run/

em Sum Sum undexr run

l. Land and site 40,30,000 %0,74,000  (+) 10,24,000
development

2, Civil works 3,12,10,000 3,44,81,257 (+) 32,71,257

3. Utilities 4,46,72,000 4,42,76,200 (-) 3,95,800

Over sum (+) 38,99,457

6.3.7 Monitoring

From the progress ruports we will understand that they
are taking corrective measures in every month, If there is
- Tany siT ort §g ¢ of mateTials ov labourers théy—arrange it-in-timée
As far as this project is concerncd the slippage of time was
very less. There was no nued of changing the original
schedule so far. The main part of monitoring is keeping
check on tht 'progress of the activities and take corrective

MmeasuresSe -



6.4 ILLUSTRATION

To illustrate the monii ring program, a part of the
nctwork of SCOPE complex is taken, The data is fed to the
computer and the result is obtained. The follawing are the

data =

Basic Data
Activity Description I-node J=node duration
1 - 2 3 7
1. Dummy 1 2 0
2., Earthfill, consolidation 2 3 164
3. Dummy 3 4 0
4. Constn, MH cover 3 5 45
5. MH for water drainage 4 7 30
6. Dummy 5 6 0
7. Continue constn. MH cover 3 10 46
8+ Lay, join sewer line 6 16
9. Dummy 7 0
10. Continue MH for water 7 12 31
T dratmage - -
1l. Lay, join, RWP 8 13 31
12, Dummy 9 11 0
13, Continue lay, join scwecr 9 14 0
line
14, Dummy 10 14 0
15. Lay water lines 11 16 o)
16. Dummy. . . . 12 - 13 _ 0
17. Continuc lay,join RiP 13 17 45
18, Continue lay,join sewer 14 15 15
line ' : ‘

19, Test,commission sewer line 15 18 15



1 2 1 3 4
2. Test,commission water 16 19 X
line
21. Tust,commission RWP 17 2 16
22. Dummy * 1821 0
23. Dummy 19 21 .0
24, Dumay 20 21 0
25 Dummy 21 22 9]
26, Site clear 21 23 15
27, Clear site 22 23 34
28. Hand over 23 24 7

Total there are 34 nodes and 28 activities. The total duration

is 327 days.

Reovised Data

The changes incorporated in the basic data are only
change of duration for certain a€tivities. The changes are

the following

AT, W T s

Activity Description I-node J-nodel gﬁi;iggn
E; Earthfill, consolidation 2 3 133
4, Qonstruction MH cover 3 5 0
5. MH cover for water drainage 4 7 21
7. Continue constn., MH cover 5 10 0
8. Lay,join sewer line | 6 9 15
10. Continué MH for water dminage 7 12 0
11. Lay, join RWP 8 13 0
13, Continue lay,join scwer line 9 L4 15

17, Continue lay,join RWP 13 17 15



- 02 -

- - , Revised
Activity Description I-node | J-node Duration
18. Continue lay, join scwcr line 14 15 7
19, Testing, commissioning sewcr 15 18 7
line,
20. Test, commission water line 16 19 7

21, Test, commission RWP 17 20 7

The network diagram is prcsented in Fige30 A,B. The basic
schedule and bar chart is given in Plate 4 and the revised
schedule and bar chart is gi?en in Plate 5. The number of
nodes and activities are same. But the duration is changed to
256 days. It can be scen from the drawing that by g¢hanging
the duration, the critical path is also changed. In the basic
network diagram the critical path passés through 1,2,3,4,7,8,
13, (also 7,12,13) 17,20,21,22,23 (alsﬁ 21,23) and 24. In the
revigsed network the critical path passes through 1,2,3,5,6,9,

-711 16 19,21,22 (21 23)uno 4 Whyn the duration is reduceds.

Crltlcal act1v1t1es Ie duccd to 13 from 15.

By using this monitoring program it becomes casy to

rovige the schedule without much effort.
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PLATE ¢4

BASIC SCHEDULE ‘SCOPE COMPLEX’
NUMBER OF NODES = 24
NUMBER OF ACTIVITIES = 28
EASIC DATA FROM SCOPE COMPLEX

-------- ETETEY LA R XL R4 P LS T PY Y 1 )

23
FARERRE R AR R KRR R DO R R PR ER R R RE R RN R R KRR R R RN
TIVITY DESCRIPTION ~ I=NODE J=NODE DURAT ~ EST EFT LSt LET  T,FLOAT TRADE

I 0 D
1, DUM 1 0
K RTHFILL CONSOL, 2 3 14
3,DUEA 3 4 {
4.cowsrw i, COVER 305 45
5.0, FDR WATER DR, P70
6oDuHY S 6 0
7.CONT, CONST, ¥H CR 510 46
8 LAY, J0IN SEW.LTNE 6 9 16
9.Dyihy 7 8 79
IO.CONT WH WATER DN, 7 12 3]
11,14 Quo N RWE 13 3
£2,DyM g {1 0
13.CONT, LAY, 0N, SH 9 14 30
{4, p0KAT 1 14 0
15,041 wATER LINES {1 {6 30
16, DU 12 13 ¢
17.CONT LAY, 0N, B0F 13 1] 48
L4oCONT LAY, dN 8K, 14 15 5
1o.7esT coun, SEi L 15 1B 15
20,7557, CONELAATER L 16 19 20 -
21, TEST, CONM,RHP 17 20 18
2.0kt 8 71 0

_ 73.0UMMY 19 21 0
24 DUMNY 200 M 0
25, DIHHY A 220
96.SITE CLEAR 2315
37.CLEAR SITE VIR E Y]
28, HAND QVER TR
23
A€
X5 %

#*¥***#**********#*¥**********#*****#*4&*##*********!**#*####*****#***#t#******##**#*X**********

1 ¥ 2 % 0 % 0 X 0 ¥ (I 0 * 0 *
7 EARTiFILL CONSOL, 2 ¥ 3 K164 ¢ Y160 ¥ g 4 164 ¥ Q¥
3D [ O S 60t de4 % 164 & 164 & o 4
i, CUN31N HH, COVER 30K 5 F 45 % 1ob ¥ 200 F 165 ¥ 210 X | ¥
5.5, FOR WATER DR, Aoy 7 % 30 0% 164 ¥ 194 ¥ 164 ¥ {94 ¥ 0
6. DAY 5t 5 ¥ 0 K 209 F 209 ¥ 210 ¥ 240 * 1
7.CONT,CONST,MH CR_ 5 % 10 % 46 % 309 * 255 % 710 * 256 * | &
BLLAT JOIN 858 LIIE 6 % 9k 16 % 209 ¥ 225 x 200 ¥ 26 ¥ | *
9, DUy Tk B ¥ 0 % 194 ¥ 194 X {904 ¥ 194 x [ ¥
1u.cuuw W AATER DN, 7 ¥ 12 % 31 ¥ 194 ¥ 226 * 164 ¥ 225 x 0 &
11.LAY éuru RIP Bk 43 % 3 ¥ 194 ¥ 235 ¥ 134 ¢ §§S‘f* 0
120U 9 X} X 0 % 225 % 225 % 236 ¥ 3G k. gpc¥
13 (i LAY, N, ¥ 9E GG X 30 ¥ Q05 X995k Y76 R 956 ¥ ] %
Dummi Cgx gk TER P55 ¥ 955 k256 % 256 x| o
»iﬁvﬁﬁ¥ RERLINES ™ 10 * g6 ¢ 30 ¥ 225.% 255 x 236 % 266 ¥ ] %
6., D0 12 0% 13 0% 0 x 225 % 225 %k 225 % 225 % (. %
I7.CDNT LAY, Ju RiP 13 0% 17 % 45 % 225 ¥ 2010 ¥ 225 * 200 ¢ 0 *
(0, CONTLLAT N, SH, 14 % (5 x {5 % 255 % 270 % 256 ¥ 24 x| ¥
t9,TEST'CONM,SEWL 15 *x 1§ ¥ 1b % 290 ¥ 285 ¥ Q71 ¥ 86 * 1 ¥
20.LEST.COMLIATER L 36 ¢ 18+ 0 ¥ 255 % 275 % 266 ¢ 286 * {1 ¥
24,18 ST.C N RKP 17 % 20 % Y6 x 270 % 286 % 270 % 28 * (¢ ¥
22.DUK{ 18 % 20 % 0 x 285 % 285 % )86 % 286 ¥ | %
23 .DUUNY 19 F 31 % 0 x 275 % 275 % 286 % 286 ¥ {] ¥
24.D00NY 20 % 21 % 0 %286 % 286 ¥ 286 K 286 * 0 ¥
25,01 2 X 93 x 0 x J86 % 286 ¥ 286 ¥ 286 ¢ (¥
265118 CLEAR 200F 23 % 15 x 286 % 301 % 305 * 320 X .49 ¥
21.CLERR SITE 2206 23 0% 34 ¥ 286 % 30-% 286 x 30 x 0 #
28, HAND OVER 23.% 94 % TR 320 % 327 % 330 % 337 k0 %
#%*x**xx&#*t***#*#*#***#*tx*x****t#****#*#***t ******#*****##****#i#*****ﬂ****t*#**tt#t:*tt*t##t

oy



REARRANGEMENT IN ASCENDING ORDER OF

FST -
I PER T2 LT e SIS b2 s St ER T R IREI TR AS LIRS L SRR IR b RS2 88 RS2SR LIRE SRS 2EY

FERRXRRRERER

W Y P W e I W I I M FE W e M I FE A I e e e M W W FE W I I I
-

ERRFXRRRRERRERFXAX

TiFLOAT TRADE

L4
TG Y (o 3 O ) 0 1O WD W RO Y €O O 2 10 SO MO O O D O OO O M

LFT
REXEXEX
¥
L]
¥
X
X
L
¥
¥
¥
X
L]
X
X
%
X
¥
L4
L]
X
¥
X
¥
¥
¥
X
¥
¥
%
¥

k%

O €S0 BV A Y AT =P SR OO D OO O A WO A NG 0 WO e S0 WO N DY G Y O O 6
WO ASAOD ONO ON vf ol 4 7 O O TN WO U O - 3 00 OO 00 O €5 O O\ 9%
et et At O O NN O O NN CNON TSN IO OO O 3 OO 36

e

LST

SRR ITTRT L3R SRATTLSTRLELI SEA0 AR SEEARAR S
i
!
1
1
1
1
2
2
2
2
A
2
2
2
2
2
2
2
2
2
A
2
2
2
2
3
X

Rdd
R 2

o
3
PP O PP LN LU UI NN UL O U I UOLOIWIND O et 0 - 3
OO O ON O OIS O D O CNF L) 10D NI L0 B T O GO - OO O OO C O N 6
RS TN At CON N O ON CNOCN NN O ON N N N OO ON ONON TN O 1 o7V 3
-
»

EFT

EST

Lo I O S D S e O AL O e S P R WD DD 8 U K D T D W M 36
AL “Hey oYy I ot is21anl ¥ — N ey - Y
~—

et SN N O R e P OO LD WO Gt COF 2 NI <50 S O 1T O O O3 O3 —F 3 O 1
vl et et wd et e G A TN OO OO

1=NODE J=NODE DURAT
FEERRRRRR DR K

TER L
REVISED PROJECT DURATION= 327

,CONSOL,
s,
}

CONSTN, ®H,COVER
SEW,LINE

T, LAY, 0N
COHMH

JOIN Rip
{
AT
£87

NT,CONST,MH CR
JOIN

ITD
i

EST COMM,SEW,L

FOR WATER DR,
TEST, COMMLRUP

i
AT, LAY, O, U
ik LivEs

¥ WATE

SR EAL SR SR LELEEL
DUKKY

CONT,HH WATER DN,

AY

HH

i

U

U

VITY DESCRIPTION
EARTHFILL

DUAMY
L

E O I N * 2T e & PN O <F G O O OIST U0
AT et et LD e O e vt vt el ¥t v T A OO OO TITT O

28,
KREREERO O RRE X

ACTI
FEkX
!
2
3
4
3



T ittt e e At A S s PP RaR R SRR AR LERER R SRS PRRRTERSRTRNFIZRLTIRAZLLLSSE2R 2R LRE2ES)
8,8, OF ACTIVE ACTIVITIES 1 2 ‘

S Li ittt iazsattatr et ta R ss RIS RRERSIRLIIR LSRRI SEITARLIRS LSRR LSS SARIRLEZALLISLLERELL
ALOCK NUMBER 1

T rtit s i srete s e ta s LA E SRR SRNRRR R SRASRLS SRR R ARARS SRR STA R s Li2 AR LR ns satisRintdy

1, DUMKY e |
i :
2,EARTHF 1L, CONSOL, ¥

*EEEEREEELEEEER CEEEEEREEEEEREEEEEEEREEREEEEREREEEREEEEREEREREEEEEEEELEEEEEEREEEEE
:LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLULLLLLLhLuLLhLLLLLLLLLbbbbLLLLLhLbthbLLLLL

T Tttt e e R R PR S S EP AR SRR R SRSURELLE SR SR SRS LRSS LRIALISLCSTESIRERLLLLSLERERISTISTLL LSS
i 10 20 .3 $0 50 60 10 80

| - _
ittt atiteseste L et et i SR EEE RIS T TR SERTEIRER SRS R AR AL SRR SR tt Ee e it ia Rt i i tiitds
S,H, OF ACTIVE ACTIVITIES =~ 2

#*xx*x*;***t******%;*#************#**#*#****t******#***#*********#%***#**x#%*#**#**#****#***#***!***#***

RLOCK NUMYBER
***#ix#**i*st*#x*xgxt****x***x**tx:t*t#*:x******#******:***t*##*xx:***#*t**t#txx*x#x*ttx*xx*t*xat;x*t*:x

2, EARTHPILL, CONSOL, *

! X FEREEREREEEREREEARERERLEECEREEEREEEREEEEEEEREREEEEEEEEEREEEREEEEEEREEEEEEREREEE
:LLLLLLLhLbLLLthhbbLLLLhLLLLhLLLLhLLLbLLLhLLLLbLLLLLthLLLLLLLLLLLLLLLLLLLhhbbbh

T IT T tIa Tttt eag st e RS sL s CR LR vRN SR STL S LIRS LSRR SLASRSRR AR LIRSS ISRL2 SR RSLRLLLLLRSLLLRIALLLLS
| B9 90 100 110 120 130 140 150 160



**#****#it#tt#¥$$¥$*¥*¥**#tf!*#**#*?****#*#****#***X**##**#**i#*#*3******###*******t*##*#3*##¥$t*#$****¥

o OF ACTIVE ACTIV[TIeS 2 3 4 5 9 10 41 6 7 B 12 43 45 1§ 1]
**#*#4*##**##*#**###****k#x#**#***tt**i**tt*****t#***********##t#t:****t*t**txti#**t***#*¥*F##t#**t**##*

BLOCK HUKBE 3
*x***#*****#%*gtt#****#***#**###%*#3*****%*#**#*##****#**¥#*t**x****lii**t*#***t*xz*****!*#**#t!*!#**x#x
2, EARTHFILL, CONSOL, ¥
XEEEE
*LLLL

3,DU8RY

f ol §

4, CONSTH MR, COVER
‘ FREEPLEREERER e R FREELEREEEREREERRRREREERR
GOLLLULLLALLL LU LLLLLO LERL UL LU LL L UL LLLDLLLL

5,464, FOR 4ATER DR,
EEEEERERERCERESEEELEEREEEREEEE
LULLULLLELBELEEELEGLLRCLEGEECY

4. pumny
‘E

1, CONT, ¥y WATER DN,
EREHEREERERELERESKEEEEEEEEREREE
LLLULLGLLLLLELLLLLLLLLLLLLLLLLL

{1.LAY,JOIN RYP

\

REREEEREERELIREERERETEREEREREEE
UbULLLLELLOLLLERLLLELLLLELLLLLE

b, DIHSY o
1)
. L
T,00NT,CONST HH CR .
EEEECRERRERERLEEREEREREREAREERE
LULLLLLLLDBLLLRLLLLLLLLbLELLLL

§,LAF, JOIN SEH,LINE

W I P M R TE B FE B WG M FE AR I I FE W B IE FE M B I M B e M R R B HE B SE FE I M B B A e IF P B IE IE I PE S I N I IE M- M P e W

EEEFEEEREERELLEE
RRARARANRANANAS
12, DUNKY
£
|
13,CONT, LAY, Jit, SH )
i REGEEEEEEERETEE
UBCLLOLLLLUARL-
15, LAY WATER LINES / o
' e EEEEELEEEEEEEEE
LLLL
16.h0HHY
)
L
17,CONT, LAY, JU RKP
BEEEESEREEEEREE
PULBALLLELLRLL
111tl¥¥¥%$1#i¥*t******t#*#t##t*#***t*****##**K****#*#**********#*******t*#*******‘**********#***I#**ttt*
{60 170 180 19 200 210 ) 22 330 244

|
*#**#t**l?ti#***$¥$t¥¥¥i*****l**It*tl**i***#*##*!*******************#*#***************4*****?###****#t*t



5.4, OF ACTIVE ACTIVITIES 7 13 45 17 14

1920 19 20 3 23 4 2 26

21
TEREER A RE DGR RE R PR R A R ERFERARA R OO R R R R R RO R O X R R R R R R R ARy

BLOCK KUMBER

4
B e T T LR E L AL Lt Laialtattad st t S e L SR TR LA LR AREAR SR LA AR

7,(ONT CONST, MR R %
: AEERERFEEEEERELR
:LLLLLLLLLLLLLLLL

JCONT LAY, 0, 8K ¥
L ORI eoerenprreeas
UL

{5,LAY WATER LINES ¥
XEESEAELKEEREERR
:bLLLLLLLLLLLLLuL&LLLbLLbLb

17,0007, LAY, 4, R¥P ¥ N N
XEEEELEREREREECERERAERREEKEERE
AR AR ARTARRRANRARRANRRRANAR)

¥

14, DUMKY X
" £
¥ !

T, LAY, R 5N :
3. CONT, 5%,

16 ? T EERRECRERGEREEE
: LLLLLLELLLLLLLL

20, TEST, COMM, HATER L
X EEERETEELECRREERELER
% LLLLLLELLLLLLALLLLLE
X

JTEST COMH,SEW,L %

19,TE8T € ¥ FEEEEEECEERERER

X LLULLLLOLLLLLLE
‘ ¥
(TEST,COMK,RNP % )

.88 P X EEYEREEEEEREREEE
; LLLLLLLLLLLELELL

21,0UKHY ¥ ,
¥ £
¥ b
¥

29, DURKY ¥
¥ E
¥ l
¥

242 DUKRY ¥
¥ E

X &

25,00 ¥y p "E
X L

~ ;

26,5175 CLEAR ¥ EEFEREEEREREELR
¥ LLGLULLLLLLLLLL
¥

! *

27,CLERR SITE ¢ EESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
X LLELLGLLBLLRLLLLLULL LA LLLLLLLLLLL
H

xa*#txtax**xxxz*$*tt*¥x*#¥:*1x:*:*#*t#a**:mz*#*x;x#x*x**tttt;xgt**¥s#t*i*xit*t*wxsx:;tt*:t*t##¥$xt;ttyz;
20 §

- 250 260

290 - 300 310 30



PULATE B
REVISED SCHRDULE *SCOPE COMPLEX'
QUMRER OF HODES =24
fUABER OF ACTIVITIFu 28
BASIC DATA FRO SCOPE COWPLEX

.---u--'n-pnﬂn..‘n‘utlnu.'l"!"“--tﬂ

S S '

1.0 to2 0 ‘
24 EARTIFIbu cousol, 2 3 1ad
3, MUY I 4 0
4 CDNST N HH, CD?ER 3 5 45

{l F"R "alER DR, 8 7 3
b DAY 5§ 6 0
7. C T LCONST H CK 5 10 48
B, LAY JDIM SkEn LIHE b 9 16
G T 8 ¢
1 HH WRTER DN, 7 12 U
i1 3 QIR RAP § 13
12, Ay g 11
13.C ahT LAY, JN, S¥ 9 14 3
1a,00enY th 4 0
15.10Y WATER wves 1L 16 30
16.0U8RY 1 3 b
17.CONT, LAY, d¥, RiP 13 11 4
12, c WLy JJASR. W 15 13
19,7 EST COuf, SEN 15 18 13
W, ST, CONH, wATFR o1
91.TEST, COMM RHP 17 20 19
124 GILEN : 1 a0
23, Db4M¥ 89 2t 0
24, DiHRY 2 24 -0
29, 00AY o0
26,511 CLEAR VAR I !
57.CLEAR SITE 22 B %
78, HAD OVER 23 H 7

!--runnn--nqn---ﬂ-l-hﬂngql-!!-'l-ln-l-nﬂnnual-q.l-

THE QUANTITTES 4RITTEM BELOW ARE CHANGED DATA

-—‘a-p—n-.n--n--ln--u-I-N-nn‘-un-an-&-u..---‘--*

24 % 13 b0

1
—
‘.?upm-‘qc-m-:zwm
] .
-
B
4
k]

—
[ Z2PreN
—gom
[- -
-

Hh&ﬂoca—qﬁafA(aso~aLn~>h)
.
o
>
-~3

B TND Sd A g g e e

-n-n.-lll.l-llhu'.H-'“nlU-m'u---lluilt-



Page 2

NULBER OF HODES = 24
HUMBER OF ACTIVITIES = 28
RnVISCO DATA FRGM SCQPE COMPLE

------- LALA L R LAl LAt Ll L AL Al T TY Y Y

I 0 D
£, DY 12 9
LEMTHIL Cots0L, 2 3 43
3.0y iy 14 )
4. CORSTY, MH, COVER 105 30
S0, FOREATER DR, A |
5o DURAY § 6 9
7.,CONT,CONST, MR CR 5 16 3
Q.LAY JUIN bFiv LINE 6 9 15
9o DUIAY 10
{0.CONT,SH WATER DN, 7 12 30
1.1 Y,Juzr RuP g 13 3
12, DUNAY o 11 g
{3 COT LT, VI
{4.pumY 114 %
15.LAY WATER LINSS 11 16 30 . ,
16 DUHHY 12 13 0
{72C0HT, LAY, JN R 13 171 5
LGOI IS, 1 08
19757 Couh, éy 5 15
20.TEST, COUH . ﬂATER Lo1b 19 7
51.TFSTICO4NRHP 7 20 7
22 DUk 18 31 0
230 p0MHY s 20 ¢
24.00MY 0 9 0
25 00HKY N0
26.517E CLEAR TR IR
27 CLEAR ‘SITE 2 0B N
28.HM4D OVER 23 7



Page 3

##t#t#*?*t%itixti**#*t?*#**t#*#**#*tl**********#*#*#***%***1*#****##*##**t*&*t*#***¥¥*¥¥¥***¥¥*#¥¥t
ACTIVITY DESCRIPYION  1=NODE JwDRE DHRAT  EST 7 1§t LFT  T,FLOAT TRADE
LRk t:it*t#T*xt*#$*t#****k!**#*#i%**:#*#**#x#ﬂ##****##*****#t#*x&t*####***#****ﬁtt**#t#*#

1oy 1 ¥ 1y 0 0x 4 0¥ 0
(EART mu,,cmsm. I S £ S L L N T I R
"Ny AR T R X I S I NV A VY S S

) LoﬂsTa 14, COVER 36§ & 30w 130k 483 ¢ 431 ok fp3 X o

5," FOR"SATER DR, 4% 7 & 70 % 433 0% (56 % (42 ¢ f83 1 9 ¥
DUy Bk g % b ox 183 % 182 x {py ¢ (g3 ¥ 0 ¥

7r0;cn‘452ﬂsc& 5% g0 % 30 v (81 8 403 x 471 ¢ 208 & 8 4

uw,anm SERLINE 64 9 % {5 4 {83 % TR ¥ £ 179 0% 0%
¢, UKy T % 4 ox (B4 O¥ {50 % LTI S

P0WT MK UASER Db, T % 12 x 30k IS4 % B4 ¥ fg3 ¥ 193 ¢ O %

{1 5T JOIk REP % {3 ox 30 x 154 % 184 % 63 ¢ 193 ¥ 9 x
(3. DM0 9 % {1 4 0 {78 0% 170 ¢ 7% % 178 0% 0 8

13 CiNT LAY, J8, S# g % 4b % 45 % 478 % {93 % 186 ¥ 201 ¥ 8 ¥

1404 (0 & (4% 0 % 193 1 183 % 00 ¥ 21 % 8 ¥

15, m mm LS AL % (5 ¢ 30 x ge o008 % 178 0% 208 ¥ ) ¥

6. DUt 2% {3 ¢ 0 % 1B F (fd % 191 0% 9 8

17.CONT, LAY ,JN RaP 1304 ¢ (h o [BE 0 199 % 163 % 3 ¥ 9 %

1313.“1;!{145* (0% (5 % 7 % {83k 200 % 300 % 2 ¥ B ¥

wmmm#u 5 ¢ (3% 7 ¢ 200 % 7 ¢ YU S 8 ¥

90 TEST,CONMUNTER L 16 ¥ 49 % 7w QOB % 215 ¢ 8 ¥ 43 ¥ ) ¥

'1 IF’ST CONRLRHE 17 % 0 ¥ 7 ¢ 109 % 306 % 703 % 245 % 9 ¢

1ox a0 % g ¥ 07T F T L 5 X 205 F B ¥

23.915%3 19 0% 30 % 0o USF US4 Q05 ¥ UF Y0 ¥

24, DUMHY LTS S U S (T I S 1 S B

35, DIUNY ok % % 25 x Nk Y5 ¥ B ¥ (o4

26,5116 CLEAR X 2% (2N LI T Y K 7 S T LI S

27.CLERR SITE 2ok W ox oy M5 OF 2R 6 25 ¢ MO 4 ¥

78, HAKD OVER 23 % 24 ¢ 7 ¥ 248 4 7% 4 240 % P5F & 0 %

mt*txt**#zt#tt**t*tx********t#******t*t**#*s#*t*l(&##vt!*#1**##I**#%*#*?#*###**X##%#**#l##*t¥*!*#¥*
REARRANGEKENT 14 ASCEADING ORDIR OF

a1
*i*******X***#*#?k#****%*##**#*#**#i***##**#*##***#!#1!**##**K**k*3*##**t#t*t***!**t#***l*ﬂt*#**i*#

ACTIYITY DESCRIPTION  I=MODE J=NODR DORAT ~ EST  gfpr (8% LFT 1,FLOAT TRADE
**#*x**t#*t$$¥t#*£#*$¥#*#**¥¥¢#***¥¥*$**#*#**#*#i****#l***#********#t*##*%*t##**i*#t*##*#!*t****##*\

1,00 3 7% ] i % § ¥ ) * § % g %
mmwmmm. BRI RN R
12U R ER R IR EBUENRE
CCONSTLLCOME - 3 f 5 F 30 ¢ 138 (R ¥ 113w g ok o«
wmmmnw I I T IR AL A R [ B B
nURMY T8 B % ok 54 ¥ {50 % 161 % 183 K 9 ¥
mmwwmmn TR g7 F 0% $54 % fhe ¢ 161 ¥ 191 % & ¥
nmmww § & {1 % 30 b {54 % 14 ¥ 163 ¥ 13 2 0¥
TR EE RN R 8 B S
. 1 |
1‘1 SN B e s*stxswisft*mtewmxox
mmm v%uz,gxuarnt'ntnavo;
1mmmma i 1 ﬁ*r*ﬁLh?#%*m1*B*
mnMim % 16 x m$ﬂetf*4%4%%xo*
m opy 0% (3¢ Coow fgh v Yy v 493 ¥ 18T F 0en
umnmmm TX (7T x g5 % (6308 {99 ¥ 103 K B € O ¢
0 % {4 % g% 193 % {03 % 201 ¥ 201 ¢ g #
18 Cﬁkf.uAf R, 5N, 4 % 15 % T % (93 0% 28 ¢ 1 ¢ 23 ¢ 8 ¥
21,287, oMk Ré 74 300% 7 % (3 ¥ 05 x D03k G5 ¥ G 8
zwmmmmn IR R RN BN RN I EEEE
nn ok kg ¥ j K dop v MY ¥ A X 9ox
) B %G1 % b e 207 K W) x MR o3 opEox § o«
mmwwmmL § % 13 7#?8*m*2w#m5*0*
)3, Dl g ¢ of ¥ erw#¢m*y5*mx 0 #
78 UMY o x Mk G.x 35 ¥ NS ox 0E x5 v ¥
S6.SITE CLEAR M% 3% (5 e 715 % 730 ¢ I+ 040 ¢ 194
37.CLEAR SITE R I I L [ I
28, 04D DVER 3 & My 7 o 28 ¥ OJBE & 49 4 %55 LI |
xx**xt*kttxxx*txxx*ﬁ**##*x *******####*****#*##*#t***#'**?*#*#*****t##*** ***#**#****¥$¥¥¥¥'*$****# .

REVISED DROJRCT CURATION= Z56 o e —.



Page 4

#*#******#****1#*#*****%*******$*********X*****#*#********F****t******#***************#****#************
$.i. OF 4CTTVE ACTIVITIES 1 2 _
##***************i*****#*#************#*##*##*****#X********#!*X###********#i*¥**#*k**x#t*t#yx*s#t##***x
KLOCK HUZBER 1 '
B N e T e 1 e T Ll Lt L L L T L e r e S LT R AR AR LR
¥

DUHNY
1.0 '

¥
*

EARTHFILL, CONSOL, * | '
¢ ' FEEEREREERERRE R R EREEL R ERE R R EEEEE L EEREREEREEREEEREREEEREEREREERRREEEEEEEEE
;bLLLLLLLLLLLLLLLLhbunhLL&thLLhLLLLL&LLLLLLLhLLLLLLLLhLLLLLLLLLLLLLLLLLLLnLunhLL

T Ittt e e e s R R s SRR EETERSTERERRELSS AR A EEAS ARRARARELITLTIL SRR AL SR AL L bbbt Shg L i il
0 19 20 Bl 40 50 80 70 80

i**********#***#*#********t**#*#*****#*********#*****#***#***************t***********************#*****%
S.n, OF ACITVE ACTIVITIES 2 3 4 5§ 10 {}
##*####*##***N****;***ﬂ“**t*ﬂ**¥H*HH***HH’F (233239833 E P E2ERPRER AL RIS LA RERLSCLELTEEE
BLOCK RUKBER
***#gﬂnﬂ*ﬁ*#*%*#*M«#M****HM****H*H***H***H*#*-HH****##*H#HHH**NH*HHH*N”H"*H*W
2 EARTHFILL, CONSO0L, X N ~
¥CRETEEERAELEERLEEEREEERER R EEEEEEEREREEREEERRREEER
AR AR KA AR AR A AR AR AR ARARARRRRAARRAARARANAR AR
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6.5 CONCLUSION

By using the managemcnt techniques both the pm jects
ha& benofits, Zerox complox was successfully completed in
time. 1t was through frequent monitoring and téking corrective
measures at the corroct time. In scope complex eventhough
there was some lagging it is also about to complete. By using
these techniques the critical path was fopnd out and more
importance was given on that activities'mhich'were lying in
critical path. Since requizement of men, materials, money and
‘machinery were calculated before hand delays were minimised.
The use of computer in the Scope complex reduced the manual
labour in preparing the schcdule. The progress reports and
bar charts were found very useful in deciding the status of

the project.

From this it ¢an be concluded that in any project,

the management techniques can be used beneficially, It will

become economical and work can be carried-out-as-per schedule .. .

with optimum resources and within required time.
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CONCLUSION AND DISCUSSIONS

In the previous chapters the author has tried to
explain the different asp: cts of notwork scheduling and
monitorings Two differont types of network techniques i.e.,

CPM and precedence have Dbuen taken into account.

Each of the technigucs has got its own significance.
I1f the network is examined, we can sce that when c¢ompared with
precedence network CPM network is very simple in logic and
21so in drawing. One thing is that if CPM network is® be
drawn for a project we havg to prepare more drawingsvfor‘ﬂ1at
whon compared with precedence. Ih precedenbe network
different lag times arc shown in the drawing itself, If one’
work can be startdd as scon as the precedent work is started
or it can be finished beforc the precedent work is.finished,
these type of relationships arc clearly shown in precedence

netWeTk Using lag factors. ~In CPM network if this type of

relationship is to be shown, the activity should be split‘intd'
different scctions and dummies are to be introduced properly.
1f onc is accustomed to CPM he will find it easier to use

CPM and vice~versa.

If we take the case studies, Zerox complex was completed
in time and scope complox is about to b6 completed, This gives us
the ihformétion that in 2 devwloping country like India also

we can use these type of techniques beneficially.



Some time back people were doubtful about the use
of management techniques in Indi a, They thought that
these modern techniques have nexhing to do with Indian
conditions. But now it is realised that it will be more
useful in developing countries like India. in those two
case study projects, they had benefits, when compared with

the little amount of effort that they spent for management,

In both the projects they have found it useful in

the following ways :~

- For completing the.project_in time,

- Progress of work was watched consiously, so that any
slippége was found out and corrective measures were
taken. This helped in reducing extra cost, time,

labour etc,

- Financial benefit,

- :Sane raqulrement of men, materlals money, machinery

etc. can be calculatﬁd beforehand, delays were

minimi sed.

- Since strict control is'app;ied, any deviation from

the schedule can be notiged quickly.

-  8incé theractivities are divided into different ..
sections according to physical segregation, work
can be done easily. The cycles or chains used for . .-

repcated activities are very useful.
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- The preparation of bar charts from the progress of

work enables in the better control of project.

- progress reports and charts are made at -frequent
intervals, so that the progress of work is readily

seen,

- From the progress, financial status of the project
is also found out at frequent intervals, so that
cost status of the project is also readily

available.

If we take SCOPE complex we can see that théy‘have
aven .. introduced cohputer in this field. The schedules,
the per day output and labour requirement which are.done
through computer is found useful. This saved time also.

In each mpohitoring stage these schedules and outputs were
revised. Since it is the fwc':ck?&ff*/compu-te'r»«i~’t -needs-only--a-

l1ittle time when compared with manual work.

In the Zerox complex, if we go through the reports
we can see thaf in May '84 the concreting was lagging behind

by 20 m3. So the construction company made arrangements to

accelerate this facet of work. They instructed the responsi~ =

ble agency to mobilise an additional set of shuttering and
other necessary resources. So at last with the 5 §ets’of

shutterings, M/s Unitech could maintain a 85 day cycle for
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casting of folded plates. Like this, corrective measures
¢an be taken if there is a plan and constant watch is there

- on the work.

Eventhough substantial progress had been made in
constiuction of brickwalls consulting Engineers had cautioned
that additional masons should be déployed to maintain pace

and meet the targets for the following weeks,

Since there are preplansa t cach stage, there is
clear idea of what is to be done and when. 1f some of the
details of a particular item of work are not yet finmalised,

it can be done when preceding work is in progress.

The progress reports are found to be vary useful in the
monitoring stage. Any slippage‘iﬁ the work, any shortage of
materials and resources are clearly indicated in the progress
report. Therefore corrective measures can be taken at

appropriate time

From tne abave study it can be concluded that the use

of management tebhniqués in constmction project is unavoidable
for efficient and timely completion of the project. In terms

of money and time it helps the user in differentywa?s. So if

we have to finigh the work in time .and- economically, ‘the answer |
is to ad;éi‘any of‘the managerent techniques, which is convenient
to the user, If computer is agcessible it will further improve
the efficiency and save time, because big projeéts contain the

- hundreds of activities and large amdun§ 9£m39;$£lation5sf:#w
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CHAPT ER-8

SCOPE FOR FUTURE WORK

In the monitoring part of the program the changes of
durations, nodes, addit ions, and deletions are considered,
These are concerned with the time monitoring of the project,
Cost monitoring and rescurce monitoring can be followed this
part. When there is revision in the cost of materials and
availability of resources how the basic network can be
changed and how the new schedule can be obtained, is one of
the problems which can be taken up as a ecope for future
work. Resource levelling and crashing of network are other
facets where emphasis can be given, By crashlng the activi-
ties, the optlmum cost can be found out. At one point
the total cost bocomes minimum. After thatvpoint again the

total cost increases. So the point at which the total cost

is minimum is the optlmum duration of the prOJect. In the -

i i haliig

+mon1$ommng program 1f;tho r:ndom node numberlng is used

it will be useful to change the node numbers. If some node
numbers are changed in between, any number can be given to
these nodgs, if random node numbering program is used,

Otherwise all the node numbersthduld”be‘chéhdéd, '
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