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SYNOPSIS 

The relevonce and importance of management techniques 

in construction is brought out in this report. In all projets 

one is concerned with developing an optimal and workable plan 

of the activities that make up the project including a speci-

fication of their interrelationships. 

It is inevitable 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 arising 

in construction process the use 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 illustrate 

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-1 

INTRODUCTION 

1,1 IMPORTANCE OF NETWORK SCHEDULING IN BUILDING 

CONSTRUCTION 

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 country'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 

maitematical analysis. 



1.2 IDENTIFICATION OF THE PROBLEM 

In all the projects one is concerned with developing 

an optimal workable plan of the activities that make up the 

project, including a specification of their inter—relation-

ships. Also one is interested in scheduling these 

activities in an acceptable timespan and finally comes the 

controlling 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 economical use of 

time, money and material. Field control depends upon 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 

projectts 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 cost:  

time analysis and proper monitoring and controlling of 

construction project. 

This method can be applied effectively for construction 

management in three different phases viz. planning, 

scheduling and controlling of construction projects, to make 

an economical and feasible plan of the work. The ultimate 

aim of the project management is to complete the construction 

of a project at minimum cost, within the scheduled time and 

with available resources. 

The application of critical path methods are obvious 

andstraightforward., If the project is to be executed the 

proposed network serves as a framework for developing a 

detailed plan and schedule to be used in carrying out the 

project. 

A schedule for anything as complex as a construction 

project cannot be expected 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 reviseds informations the 

computer will revise the schedule to reflect the current 



status of the project. 

There are numerthus ways in which updating and progress 

reporting may be accomplished. The most effective updating 

for construction progress is done by computer analysis. The 

updated information is usually furnished in the form of com-

puter printouts in a Variety of arrangements. 

The following are the inputs and outputs of an up- 

dated schedule.  • 

Input 

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

started. 

(2) Actual starting date/time of activities already 

finished. 

(3) Actual duration of activities already finished. 

(4) Addition of activities. 

(5) Deletion of certain activities. 

(6) Modified interdependencies. 

(7) Revised duration of remaining activities. 

(8) Revised and modified arrow diagram. 

(9) Actual reaourco 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) Systemdiac recording of datas. available, for 

any future use. 

(6) Revised starting and finishing dates for remaining 

activities. 

(7) Revised cash requirements. 

(8) Revised resource requirements. 

(In the program, items A(1)Ao 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 study 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 



to form the different methods of network planning, scheduling 

and monitoring which can be used in the construction field. 

The procedure adopted for carrying out the different phases 

and their advantages and disadvantages can be listed. 

(2) It is inevitable in 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. But due to the 

complexities arising in construction process the use of 

computer is most suitable. 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 program 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. 



(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 sq. m. CPM activity — on—

arrow networking system is used in this project. 

Case Study 2 — is a Zerox complex at Rampur. It has 

139 activities overall including installation of equipments 

and machinery. The precedence network is used for this 

project. 



CHAPTER-2 

CPM AND PRECEDENCE NET4ORKS 

2.1 INTRODUCTION 

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-on-Node (A-O-N) network. 
In Ar07A, the activities are represented by arrows and in 
A-O-N , the activities are represented by nodes. One major 

difference between the two is that in k.0-A dummies are used, 

but A-O-N it is not used.  In Fig. 1 and Fig.2, Ar0-A and 

A-0-N networks for the same problem is presented. Apart from 

the physical variations with CPM, the Ar-O-N form permits three 

precedence relationships as against one of CPM. In Ar-O-A form 

an activity can start when the preceding activity or activities 
are 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-0-N, in addition 

to this relationships, there are two more relations. These 

additional relationships are the speciality of A-0-N, and it 
is this flexibility that has made the technique different 

from Ar-O-A, not only in look but also .in utility. 
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Due to the lack of lag relationships inCPMexcesSive 

dummies are to be used. This is illustrated in Fig.3 Ai 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 the 

steel was set over the full 300 ft. A truer representation 

would be afforded by 3B, which showed that each job could 

start 50 ft. behind the previous one, and finish 50 ft. behind 

it. However, even the picture represented in 3B was unsatis-

factory.since it suggested the possibifity of Backfilling 

250 ft., having completed the trenching, steel setting and 

concrete pouring for only 50 ft. Therefore, yet more splits 

and dummies were required, and a final representation 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 relationships with each other. The same 

network can be drawn in the precedence manner as shown in 

Fig.4 when compared with A-0—A network this has less number 

of nodes and arrows. So it is more compact. No dummies are 

used in this network. In A—NA network there are 14 nodes 

and 19 arrows, where as in ArO—N there are 12 nodes and 14 

arrows. So the same network becomes more compact in ArO—N. 
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FIG 3 A,E3,C 
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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 step is placing- 

of 'duration' against each activity. It can be in any sort 

of units e.g. — minutes, hours, weeks, days etc., but for 

ease of calculations all duration should be in the same 

unit. 

Early Occurence Time 

Set the early occurence time (EOT) f the first node 

equal to zero. Consider each node by turn and compute the EOT 

the node as follows : 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 

equal 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 from the LOT 

of the J—node of the activity. The minimum value obtained 

is the latest occurence time of the node. Repeat until all 

the nodes are considered. 
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Early and Latest Times 

Set the Early Start Time (EST) for each activity 

equal to the EOT of the 1—node of the ctivity.  Compute 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 event 

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 activities 

gives the expected project completion date, and if any of 

these activities slip in time this completion datd,  will 

Slip unless time.can be made up somewhere else along this 

path. Activities which are not critical, however can slip 

a certain amount without affecting the expected project 

completion date, 
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2.3 PRECEDENCE NETVORK PLANNING AND SCHEDULING 

Programming of a project is a .cyclic process of 

decision making, planning, scheduling, reviewing 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 drawn. 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 drawn by previous experience 

of similar jobs or certain logical assumptions have to be 

made where we have no guiding facts. A lot of work has to 

be done for information collection and preparing the 

activity list and to fix their interrelationships and 

dependencies. 

In the scheduling stage from the durations of activities 

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 etual 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 

informations highlights the planner of the existing drawl-

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 the overall technolo-

gical change in available equipment and manpower. 

Fig.6A and Fig.6B illustrates representation of 

activities in precedence network. The main advantage of 

this network diagram is the possibility of showing overlaps, 

delays etc. 

Delay  is 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 start 4 days after 

A is started; although activity B must wait for 

the final completion of activity A. 



ACTIVITY 

EVENT 

FIG-6APRECEDENCE METHOD - 
REPRESENTATION OF ACTIVITIES 

AND 
EVENTS 

Fla6B.SIvIPLE PRECEDENCE NETWORK 

Fla6C,REPRESENTATION OF DELAY 
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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 lag on the same activities  In Fig.7C activity B 

may start when activity A is three days advanced, but will 

still have fpur days vork left when activity A is completed. 

Earliest, Latest and Scheduled Dates 

There are four dates concerned with each activity i.e., 

earliest start, earliest finish, 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 

purpose. Fig. 8 A, B. 

Earliest Dates 

Fig. 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. 



(FI G riA)LEAD 0 START OF PRECEDING ACTIVITY 

FIG1B LAG ON FINISH OF FOLLOWING ACTIVITY 

FIG 7C START AND FINISH LAG ON SAME ACTIVITIES 

PRECEDENCE METHOD 



ACTIVITY CODE 

EARLIEST FINISH 
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EARLIEST START 

LATEST START 

TOTAL FLOAT `FREE FLOAT 

A. POSITIONS OF VARIOUS FACTORS ACTIVITY BOXES 

EARLIEST 

SCHEDULED 

ACTUAL • 

LATEST 

B. EXTENSION OF FACTORS IN ACTIVITY BOX 

FIG.8 PRECEDENCE METHOD SUBDIVISION OF ACT. BOXES 

	START 	 
A 

EARLIEST START OF A = START= 0 

EARLIEST START DEPEN DENT U PON PRO.) ECT START 

(FIG.9 A)PRECEDENCE METHOD EARLIEST DATE 
SCHEDULING 
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EARLIEST START OF C = EARLIEST FINISH OF B =17 
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EARLIEST START OF D = LATEST OF EARL EST FINISH OF A )B OR C 
51 

C. EARLIEST START (MULTIPLE PREDECESSORS) 

12 
	

D7 
	

19 B 

EARLIEST START OF B = EARLIEST FINISH OF A+ DELAY,1247- 19 
D. EARLIEST START INCLUDING DELAY 

FIG.9. PRECEDENCE METHOD- EARLIEST DATES 
SCHEDULING 
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K 

r--  
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(F) EARLIEST FINISH 
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DURATION 
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15 

20 
TIME AT LINKPOINT OF PARTIAL FINISH OF B = LATER OF EARLIEST START OF 13 ÷ 

COMPLETED DURATION OR EARLIEST FINISH OF A ie:3±8 OR 15 
EARLIEST FINISH OF B = LINK POINT-FREMAINING DURATION i.e. 15t12-27 

(0) EARLIEST FINISH AFTER F TYPE LINK 
• 

FIG.9. PRECEDENCE METHOD 	EARLIEST DATES 
SCHEDULING 
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DURATION 
COMPLETED REMAINING 

7 63 I 

TIME AT LI N KPOINT OF PARTIAL START OF P = EARLIEST START OF P-+ COMPLETED 
DURATION le; 45+7 = 52 
EARLIEST START OF Q=52 

(I) EARLIEST START P TYPE -  DEPENDENCY 

90 

(J) PROJECT FINISH DEPENDENT ON EARLIEST FINISH 

FIG. 9. PRECEDENCE METHOD EARLIEST DATES 
SCHEDULING 
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(F)  Earliest finish calculation. 

(G,H) When there is an F typo lag. 

(I) When there is a P type lage, 

(J) Latest finish calculation. 

Latest dates 

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

dates in different cases. 

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

project, 

(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 available 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 



FINISH ) 
X AO 

41 

LATEST FINISH OF X= FINISH=41  
(A) LATEST FINISH DEPENDENT ON PROJECT DURATION 
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X 
56 
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LATEST FINISH OF X = EARLIER OF LATEST START OF Z OR Y 
le) 56 OR 67 = 56 

(B) LATEST FINISH DEPENDENT ON SUCCEEDING ACTIVITIES 

M 
61 
	

71 
10 

LATEST START OF M = L AT EST FINISH — DURATION 
=71-10=61 

(C) LATEST START 

FIG10 PRECEDENCE METHOD LATEST DATES 
SCHEDULING 
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= 40 OR 62 =-40 
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LINK POINT+ REMAINING DURATION OR 
LATEST START OF S = 4-1-2 OR 5 = 5 
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FIG.10. PRECEDENCE METHOD LATEST DATES 
5CHEDULING 



— 16 — 

Total float = Latest finish time — Early finish time. 

= Latest start time— Early start time. 

(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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1 1 

  

  

EAR LI EST PER FOR MA NC E 	OF M 

EAR L I EST PERFORMANCE 	OF N 

 

  

  

(B) ILLUSTRATION OF FREE FLOAT 

FIG.11. PRECEDENCE METHOD-, ACTIVITY FLOATS 
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CHAPTER-3 

CONCEPT OF PROJECT SCHEDULING AND MONITORING 

3.1 BASIC ISSUES IN SCHEDULING (9) 

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 related issues, 

3.1.1 Conceptual Model 

Fig.11C presents a conceptual model interlinking the 

different issues. Since all the issues are arising out of 

the need for doing a work, the starting point for project 

scheduling process is woRK. The process is required to 

achieve certain objective. The end point of project 

scheduling is therefore OBJECTIVE. The project schedule 

model should, therefore, start with work and finally end up 

in objective, 

Activity and sequence related issues are important 

only after the work is known, because each and every piece 

of work for its execution requires certain actions to be 

taken in some sequence. The linkage between WORK and 



FIG.11c.PROJECT SCHEDULING CONCEPTUAL MODEL 
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activity is therefore direct with work leading to Activity. 

Now we can take several actions, or we could follow different 

sequences 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 impact on Time and Resource required for doing the 

work. Better the activity or sequence, lesser 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 Resource. 

But while with Resource the relationship is absolutely 

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, 

therefore, has been linked with work through Activity, 

Sequence, Resource and Constraints. The relationship between 

Time and Resource is again direct; Resource will govern 

the time required for completion of any work. Finally 

resource and time can be traded off between each other 

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

has boon 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 monitoring 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 systems and 

procedures for monitoring and obtaining commitment of parti-

cipating agencies in the same. 

3.2.2 Setting Performance Standards 

This is supposed to be done in the schdduling phase. 

However if the agencies for scheduling and monitoring are 

different, tho schedule will require a second examination. 

In any case, since performance standard or target is the 

basis for monitoring, the monitoring process must ensure 

that schedule exist, and they exist in a monitorable form; 

i.e., performance requirement has been clearly stipulated. 

If performance 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 



for performance which are 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 view to work out 'what needs to 

be done?'. It is expected that solutions that do not involve 

additional expenditure or other agencies will be straightaway 

implemented. The review may result in a recommendation for 

further study involving several agencies or specialists. 

3.2.5 Reporting 

This will include reporting to 'what has to do' obviously 

unresolved issues which need to be tackled by a different 

responsibility centre need to be reported to the appropriate 

responsibility centre. The emphasis is on exception, and only 

structured report, clearly specifying the involvement 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.deviationand 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.e., its implementation and 

effectiveness. There can neither be any monitoring without 

schedule, nor any schedule be even worth its paper without 

monitoring support. But while scheduling is basically a 

paper work, monitoring is not. It can be defined as the 

process of inducing action for adherence to schedule. 

3.3 PROJECT CONTROL(9) 

Project control system is a congregation of the 

following terms — Planning, scheduling, monitoring, resources; 

constraints, updating, objective, data bank, control 

implementation and progress report. If these terms are 

linked, it will represent a project control system (Fig.11D). 

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 undertaken only to achieve some objective 

and there is no need of further activity, once the objective 

is achieved. 



FIG,11D PROJECT CONTROL SYSTEM 
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3.3.2 Planning 

Once the 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 planning 

can be linked to objective through resources and constraints. 

Objective will dictate the resources such as money, manpower, 

etc.that may be required, but constraints will stipulate 

their availability. Resources and constraints are therefore 

simultaneous considerations needed to arrive at a plan and 

are shown parallel to the diagram. 

3.3.3 Scheduling 

Scheduling is applied planning. There cannot be any 

schedule without planning, nor a plan can be made workable 

without a schedule. Implementation can take off once 

scheduling is finalised and necessary organisation for 

implementation of schedule is created. During the scheduling 

phase the different times are calculated as early start time, 

early finish time, latest start time, latest finish time 

and total float. The early start time gives the earliest 

time by which an activity can be started. Early finish time 

is that by which an activity can be finished at the earliest. 

Like that the latest times are 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 float are called critical activities. 

By finding out the different timings and float, decision can 

be taken that which activities can be relaxed and which 

activities are to be done in time etc. 

3.3.4 Monitoring 

Monitoring depends upon scheduling. Also scheduling 

depends upon monitoring, for keeping it uptodate. In the 

monitoring stage, the actual work should be compared 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 occurence of events on the part of the schedule that 

should have been implemented uptodate. It also includes 

incorporation of new decisions/information on the part of 

the schedule yet to be started. Updating effects the schedule. 

It adds activities, deletes, changes duration. In short it 

changes schedule itself. But this can be possible only as 

a result of measurement and rdview. 
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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 :— 

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 changes 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 the 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) Deletion of activities — Sometimes some activities 

are to be deleted due to some reasons. 
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(6) Modified interdependencies — The dependency 

between some activities may be modified due to 

the addition, deletion or change of duration. 

(7) Revised duration of remaining activities — The 

duration of remaining activities may also be 

revised. 

(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 cash 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 project 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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(5) Systematic recording of dates available for any 

future use - It stores the datas and schedules 

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

(6) Revised starting and finishing dates for remaining 

activities — The revised schedule of the project 

is obtained, which contains the different timings, 

floats etc. 

(7) Revised cash requirements — According to the revised 

schedule, it gives the revised cash requirements 

of each activities. 

(8) Revised resource requirements — This gives the 

revised resource requirements. 

3.3.6 Progress Report 

Monitoring is linked with implementation through a 

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

a record of the status of the activities under implementation. 

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 correcting 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 projects. Progress report hae, therefore, on the 

one side been 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 

.target. 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 

. adherence to predetermined standards through actions. 

Monitoring being action oriented, 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 of the increased 

size and complexity of the projects it is beneficial to use 

computer. The sophisticated informations and data handling 

capabilities of an electronic computer offer many helpful 

ways, for in depth analysis of major areas of construction 

management. The construction manager, with the aid of 

computer can keep the pace with today's vastly accelerated 

construction technology. 

4.2 COMPUTER APPLICATION IN CPM 

There are three phases for any proj4ct, namely — 

the planning phase, the scheduling phase and the control 

monitor phase. 

The computer is being used in all the three phases 

efficiently. Some of the computer programs have been deve-

loped at Civil Engineering Department, University of Roorkee. 

Some of the programs which are available have been briefly 

outlined in the following lines. 



— 29 — 

4.3 PLANNING PHASE OF CPM BY COMPUTER 

Some computer programs are available for the planning. 

In l964, IBM introduced their project control system (PCS) 

and established precedence diagramming for computerisation 

which was also similar to CPM and PERT. One of the most 

comprehensive network programs is the MC Donnell Automatic 

MSCS, which has many adr.itional capabilities such as cost 

control, resource control, and special output formats such 

as bar graphs. 

But the efficiency of these programs ,  is doubtful 

because of obvious reasons. Hence it is preferable to dO 

planning manually in most of the cases. 

4.4 SCHEDULING PHASE OF CPM BY COMPUTER USE 

Scheduling consists of assigning an estimated start 

and finish time to each ativity in a project. A certain 

amount of flexibility 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. CPM Calendar dating. 

4. Resource allocation and levelling. 

5. Cash requirement prediction. 

6. Requirement of material and labour. 

The programs have been developed for all the above 

facets at Civil Engineering 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 Random Node Numbering 

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 

sequential 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 easily be scheduled. 
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The program reeds the number of the networks to be 

handled, the total number of activities, total number of 

nodes, and the activities data etc. 

The output consists of the total random nodd numbers, 

the total number of activities leaving each node and their 

serial numbersI total number of activities entering in each 

individual node, the new topological node numbers. 

The program has built in check for errors like 

dangling, missing nodes, incomplete list of activities, idcnti-

cal node numbers etc. The block diagram is shown in Fig.12A 

and datails arc available elsewhere (Mehra. S., 1975). 

4,4.3 CPM Calender Dating 

This program 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 week days, the project start date, the 

list of holidays, number of days in a month for each month 

of the year etc. 

Output — The holidays are converted into corresponding 

calender clay intervals, measured from the project start date, 

EST, EFT, LST, LFT are taken by turn and the computer directly 

assigns the date, month and year numbers. After taking into 
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account tho holidays the program proceeds to compute the 

number of sundaes in the interval. Once all holidays and 

sundays aro accounted for the expanded interval is added to 

project start date. The final date, month and year numbers 

are sorted unless CPM calender dating is completed for one 

activity. After that they are printed in proper format. 

The process is repeated for every activity. The block diagram 

is shown in Fig.12B 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 different resources, 

the resource requirements of each activity and the number of 

resource levels to be considered. 

Output — 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 assi4ned for each day of the project, and 

for each resource. 
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It also chocks each node and ensures that all activities 

entering it hve boon completed on the day under consideration. 

The activities leaving the nodes are also examined if they 

have not already started. The activities are re—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 details of this program are available elsewhere 

(Puri and Viswanath, 1984, Viswanath, 1975). 

4.4.5 Cash and Material Requirement Predictions 

This program. 7)relicts how much cash and material is 

needed in each week of the project duration. 

Input 

This program take network schedule as input data. 

It also meads total number of nodes, total number of activities, 

total duration of preject,total number of categories involved 

in different activities, their quantitites, rates of each 

categories, EOT etc. 
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Output 

As output it prints out total estimated cost rate and 

quantity of each 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 payments and not cost status of whole 

project. 

The program computosthe total estimated cost of each 

category. It also computes the weekly cost status, finds out 

the eligible nodes in active week, 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 are available elsewhere .  

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

4.4.6 Cost Contr61 under Inflation : 

A program has boon developed by Puri N and Jain M.L. 

(1984) for forecasting the project cost requirements while 

incorporating the effect of inflation in the form of revised 

rate of material and labour charges. The manager is able to 

get the clear picture of revised estimates at a glance at any 

instant of time, while executing the project. The details of 

this program arc available elsewhere (Puri and Jain, 1984). 
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4.4.7 Precedence Network Scheduling : 

Input 

The program n ods total number of activities, activity 

numbers, preceding activity number, split/non—split character, 

their duration and the relationship of lag, lead or delay with 

preceding activities. 

Output 

Output cohsists of th4 complete activity schedule and 

prints the activity number, duration, early start time, early 

finish time, latest start time, latest finish time, total 

float at start (TFS), total float at finish (TFF), free float 

at start (FFS) and free float at finish (FFF). 

The block diagram is given in Fig.12C 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 developed by K.P. Singh, 1978. Further modifi-

cations has been made by the author and it is presented in 

Chapter 5. 
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FIG12 C MASTER DIAGRAM FOR SCHEDULING 
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4.5 CONTROL MONITOR PHASE OF CPM BY COMPUTER USE 

The autnor has developed a program for monitoring 

of projectsc26it is given as an extension of scheduling 

program and followed by the Bar Chart program. The three 

programs are taken as a single unit, using sub—routines. 

So if revision is necessary, it goes automatically to the 

updating program, revises the data, reschedules it and if 

needed bar charts are produced. 

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

CPA[ SCHEDULING AND MONITORING PROGRAM 

',5,1 INTRODUCTION 

Control monitor phase starts with the actual stlrting 

of the project, continues throughout the duration of the 

project and ends with the finishing of the project. It is 

inevitable in 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. But due to the complexities 

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 Bar chart program fothlows 

both the scheduling and monitoring subroutines. Detailed 

description 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)..  



— 38 — 

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 road in the main program. After that a check is intro-

duced, to see whether the scheduling is done for the first 

time. It it is yes, the subroutine 'EOCCT' is called, which 

part deals with the scheduling. Otherwise 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. After 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* subroutine '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 subroutine 

'ARREOT' is called, this part deals with the rearrangement 

in ascending order of EOT. If bar chart is needed the 

counter NBAR should be given as one. In that case the 

subroutine '3AR' is called and thd bar chart is plotted. 

A block diagram for the program is given in Fig.13 

and illustrates the different steps. 
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FIG.13 BLOCK DIAGRAM FOR SCHEDULING 
AND MONITORING PROGRAM 
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5.3 MAIN PROGRAM 

I nput 

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 

for the first time NRUN should be equal to 1. NPROB is read 

next. This gives the number of problems. Next comes N3AR. 

If N3AR is 1 the bar chart program is called. 

Number of nodew (NODE), Number of activities(NACT), 

Number of columns (NUM3C), 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 (TT). 

The array M is the central and most important parameter 

and it c,Insists of all data and results. M is a doubly 

subscripted array (NACT x NUM3C). 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 NUM3C. 



The first 4 alphanumeric fields of 16 d)lumns store 

the description of activity in array (TT). Then first and 

second columns store I—node and J--node of the activity. 

The third store the duration of the activity. The fourth 

store the trade indicator if it is read in input data, 

and it is immediately transferred to ninth column. 

Read NRENG, which gives the column numbers in which 

rearrangement is needed. Lastly read E, L and a blank in 3 

alphanumeric columns and it is carried over to the subroutine 

bar, if bar chart is needed. 

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 done 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 yet to finish. 
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FIG.14A BLOCK DIAGRAM FOR MONITORING PROGRAM. 



NO 

K= K 1-1 

TT(T,J)=TA (I D,J ) 
M (I,K)=MA(1 0,K) 
Js1,5 	K=1, N 

YES 

YES 

YES 

WRITE% TT(I))M(I,K) 
1 1,NACT 
.1 -1, NT K=1,N 

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

= K 4.1 

WRITE: TT(I .1) 	K) 
1, ',ACT 

K=1, N 
J = 1, NT 

NAAA= NAA 

YES 

YES 

NAAA-= NAP 

MILK). MN(IK, L) 

IK=IK *1 

"READ: NODEL NACTL , NAC NAA, NA D 
READ: MN (IK,L ) , IK =1,NAC L.1, 4 
READ: MO(ID KEN, 1D=1,NAD KD.1,N 
READ: TA (IA JA ) MA (1A,JA ) JA=1 NT KA=1 N 1A.1 NAA 

FIG.14 B SUBROUTINE 'CHANGE' 



NACT 
NAL= NAA NAAA 

IT. NAAA 
IA=1 

NA DL=NAD - NAAA 
IP = NAAA 
I D=1 

WRITE: NODE 
NACT  

I H = I 
NACT K.NACT-1 

T=I H 



— 41 — 

2) Change of duration of activities already started/ 

or yet to start. 

3) Modified interdependencies. 

4) Addition of activities. 

5) Deletion of activities. 

5.4.2 Input 

First input data is road. It contains the following 

data 

1) The latest number of nodes (NODEL). 

2) The latest number of activities (NACTL). 

3) The number of changes (duration and nodes)(NAC). 

4) The number of additions (NAA). 

5) The number of deletions (NAD). 

6) The array containing changes (MN). 

The size of MN is (NACx4). The first column giv6s the 

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

third' column 3—node and fourth column duration. If there 
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are any changes from the basic data, that is read as 

array MN. 

The array containing the deletions (MD). 

The size of this array is (NADXN). If 

some activities ore 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). 

Those 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 incorporate( 
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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 care of by this part. 

2nd Stage 

The second stage deals with additions and deletions. 

Here three different stages arise :— 

(a) If additions and deletions are equal 

First the array MD, containing deletions is taken. Each 

row of MD is compared with M array. If a mathcing row 

is found out that row will be replaced by the first row 

of MA array (containing additions). This will continue 

till all the deleted activities are replaced by the newly 

added activities. 

(b) If 	are more than 'oloti:,ns 

First the equal number of deletions and additions will 

be taken and replacement is done as in (a) above. Then, 

the extra additions will be added to the M array, in the 

last part of the matrix. 
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(c) If deletions are more than additions 

First the equal number of deletions and additions will 

bo taken end replacement is done. The extra deletions 

will be carried out in the following manner. 

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 occupy the 

next row. Again it will be 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 number of activities will become one 

less than the basic number of activities. Again the same pro-

cess is 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. If a second revision is needed again give the changes 
•/“. O. • 

• as input and the same process is repeated. 

Conclusion 

The prpgram gives the revised data and revised schedule. 

The management can use this program to get the latest time 

status of the project. In the control monitor phase this will 

be useful to_have the updated schedule of all activities. 
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5.5 SCHEDULING PROGRAM 

5.5.1 Subroutine 'EOCCT' (Fig.154',B) 

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-

dered. The different stages of 'EOCCT' as the following. 

5.5.2 Different Stages 

Ist Stage 

Calculation of EOT 

The EOT of first node is set equal to zero. Starting 

from the second node, the program scans the list of activities 

for their J—nodes and picks up the activities entering the 

node under consideration (say node k). The duration of 

activity and the result is stored temporarily in IET. IET 

is then compared with MAX (which was intially made zero) 

and if IET is greater than MAX, than the value of MAX is 

updated to IET. The variable MAX helps in maximising 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 process is repeated until the EOT of all nodes are 

calculated. 
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During the scanning process, 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 NTA7 

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 three types of error. 

If the counter ISKIP is equal to one the arrays NTAE, 

.NACE and IEOT are printed. 

2nd Stage 

Calculation of Latest Occurence 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 

levelling 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). 
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3rd Stage 

The value of early start time (EST), early 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 a 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 1st column, 2nd column, and so on upto the 

9th column of M array. 

5.5.3 Subroutine 'ARciANG' (Fig.16) 

If number of rearrangement (NUMRE) is positive, the 

sub—routine 'ARRANGI is called. 

The array NRENG gives the type of rearrangement. The 

rearrangement is done according to ascending order of values in 

the specified columns of M array. 

Each of these columns are considered one at a time, 

and the column number is stored in NCOL. Two temporary 

arrays ,are created 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 

are then rearranged in ascending order and as the values are 
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rearranged in „ITEM, there is a simultaneous rearrangement of 

the corresponding serial numbers of the activites in ISNO. 

The array M is printed out so that the activities are in the 

new order created in ISNO. The next rearrangement is consi-

dered and the operation are repeated until all the desired 

rearrangement have boon accomplished. 

5.5.4 Sub—routine 'ARREOT' (Fig.17) 

If ISKIP is one, the subroutine 'ARREOT' is called. In 

this part nodes will be arranged in ascending order of EOT 

and also the total project duration iscalculatod. 

5.6 BAR CHART PROGRAM (FIG.18 A,B) 

5.6.1 Subroutine 'BAR' 

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

called. 

Input 

Data needed for this program are 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. 
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(6) E,L, and a blank in 3 alphanumeric columns. 

All those data will be carried over from the main 

program. 

5.6.2 Different Stages 

1st Stage 

At this stage all the activities are rearranged in the 

ascending order of EST, so that the picking up of activities 

those are eligible fora:)articular block is efficiently 

carried out. 

2nd Stage 

At this stage the number of blocks required for bar 

chart is computed. Maximum number of activities to be acco-

mmodated in the block is assigned. Size ,of block is fixed. 

NSAB, is themIximum number of activities 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 active 

block is decided.. The last day of the active block is compared 

with EST of all theactivities. The activities upto which 

(IEB—EST) is negative, are picked up as active activities 

and are eligible in active block. 



4th Stage 

At this stage all the activities eligible in the 

active block are 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 serial numbers against EST, LST or 

both are generated. ICC, IIC, ICK and ITC are the counters 

for activities carried over to the next block against EST, 

LST, or both and total carry over activities. For these 

activities which are being carrriod over to next block, the 

EFT and LFT are set equal to NSB. Now the bar chart is com- 

puted against EST and LST 	E—bar and L—bar. 	The bar 

chart is plotted against each 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 be carried over to the 

next block . 

5th Stage 

The duration scale in days is printed at the bottom 

of each block at every tenth column, a single subscripted array 

JT is created for this purpose. This process continues for 

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

7811 19  
Irrnr171 
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5.7 LIST OF SYMBOLS. 

ICACT A counter for activities 

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 Amur:ter for serial number of activities. 

IEB 	End block day of bar. 

IEF 	Earliest finish day. 

IEOT 	A single subscripted array that stores the early 

occurence times of nodes. 

IES 	Earliest start day. 

IET 	A temporary storage variable for the earliest occurence 

time of a node, during the process of maximising the 

early occurence time of a node. 

IIC 	A counter for carryover of activities to next block 

against LST, 

ILF 	Latdst finish day. 

ILS 	Latest start clay. 

ISB 	Start block day of bar. 
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ISKIP A counter. If 'SKIP is equal to one, it means a 

resource levelling program will follow and the 

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

be printed in the result. 

ISN 	Single subscripted array, which stores those activities 

active in the particular block. 

ISNO Single subscripted array and is used for storing 

temporarily the serial numbers of the activities during 

the process of rearrangement. 

• 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 the latest occurence 

times of the nodes. 

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 output of the scheduling program. The array M 
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is a double subscripted variable, of dimension 

(NACT X NUMBC). Each row of M stores information of 

one activity. The first, second and third columns 

store the I-node, J-node and duration of the activity. 

The fourth column of M stores the trade indicator 

in the input. But in the output this is transfered 

to the ninth column. In the output, the fourth, 

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. 

MAX 	A variable used for maximising the value of IEOT. 

Initially MAX is set equal to zero, and it is pro-

gressively increased to its maximum value which is 

then assigned to IEOT. 

MD 	Double subscripted array of size (NADXN), This gives 

the deleted activities. 

MIN  This is analogous to MAX. It is used for minimising 

the value of LOT. Initially it is set equal to very 

Large value and it is progrdssively decreased to its 

minimum value, which is then assigned to LOT. 



— 54 — 

MN  Double subscripted array of size (NACX4). This gives 

the changed data. The first column gives the row 

number of array M, second column 1—node, third column 

J—node and fourth column duration. 

A number that indicates how many values for each 

activity are being read. This helps to see whether 

trade indicator is there or not. 

Nom.  Number of additions. 

NAC  Number of changes. 

NACE 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). 

NACL A single subscripted array that stores the serial 

number of activities as and when they are picked up 

during the search for activities leaving a node. 

The maximum dimension of NACL is NACT. 

NACT Total number of activities. 

NACTL Latest total number of activities. 

NAD  Number of deletions. 

NBAR A c ountgr. If NBAR is one,- bar chart is produced. 

NBK  Number of blocks. 
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NCC  Parallel single subscripted array, which stores the 

serial number of those activities, which are being 

cartied 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 

so 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 be arranged in ascending order of EST. 

NODE Number of nodes. 

NODEL Latest number of nodes. 

NODL  Defined as NODE—I. This has no physical significance. 

NPROB Total number of problems. 

NRENG Array containing the column numbers of array M which 

are to be arranged in ascending order. 

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

If it is more than 1 monitoring program is called. 

NSAB  Number of activities which can be accommodated in 

one bloCk. 
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NSB  Size of the block. 

NSC  Single subscripted array which stores the serial 

number of those activities which are being carried 

over to next block against earliest start time. 

NST  Single subscripted array which stores the serial 

number of those activities, carried over to next 

block against both EST and LST. 

NTAE Single subscripted array that sotros the cumulative 

total number of activities that enter the node and 

all preceding nodes. The maximum dimension of this 

array is NODE. No two values in this array should 

be equal. 

NTAL  Single subscripted array, analogous to NTAE. This 

stores the cumulative total number of activities that 

leave the node and all suceeding nodes. The -maximum 

dimension of NTAL is NODE. No two values in this 

array should .bo equal. 

NUMBC Number of columns 

NUMI1E Number of rearrangements. 

TA  Title array which stores the description of additional 

activities. 

TI  Title array which stores the title of the problem. 
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TT  Title array which stores the description of activities 

of array M. 

XL  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. 

XP  A double subscripted array i.e., (NACTXNUMBC) against 

EST which is first made blank and then letter E is 

punched for making bar chart against EST. 

XXE  The letter E is to be read.as an input data. 

XXL  The.  letter L is to be read as' an input data. 

XBK  A blank space is •created. E,L and blank are given in 

3 alphanumeric columns in 3A1 format. 
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5.8 ILLUSTRATIONS 

To illustrate the working of the monitoring program, 

3 different problems has been taken into consideration. 

5.8.1  Problem I 

This deals with 'Excavating Trench and Laying of Pipes'. 

There are total 15 activities and 13 nodes in the network. 

The total normal duration is 39 days.  The following are the 

details of the problem. 

Basic Data 

Activity Description I—node J—node Duration 

A — Award cantrnct 1 2 1 
B  Clear site 2 3 7 

C — order pipe 2 4 1 

D — Lay pipe 3 5 3 

E - Deliver pipe 4 7 15 

F — Excavate 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 and 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 

0 — Complete backfill 12 13' 2 
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The basic network diagram is presented in Fig.19A 

and the basic schedule (computer output) is given in Plate 

Revised Schedule 

Some changes are introduced in the basic network. Tlie.  

changes incorporated in the basic network are the following':— 

	

1. 	Duration 

Activity F changed the duration from 2 to 4. 

	

2. 	Nodes 

(a) Node 8 . becamo node 9 

(b) Node 9 became node 8 

(c) •Nede 12 became node: 13, 

(d) Node 13 became node 14. 

	

3. 	Deletions 

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

	

4. 	Additions 

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

In the revised network there arc 16 activities:and 14 nodes. 

The revised duration is 50 days. The pryjram takes the change 

of node numbers and duration first. So in the 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 



third addition is adddd as the last row of the basic matrix. 

This the basic data is revised incorporating the changes. The 

critical path is also 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 revised data is as follows :— 

Activity Description I—node J—node Duration 

A — Award contract 1 2 1 

B — Clear site 2 3 7 

C  Order 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 materials 4 5 2 
H  Complete trench 6 8 8 

I — Place, Tost pipe 7 9 5 

J 	Continue place, test pipe 9 10 13 
K — Start backfill 9 12 15 

Y — Checking 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 

.7171.1:Mitallare f 

The revised network diagram is presented in Fig.19D and .the 

revised schedule (computer outpout) is given in Plate 2. The 
bar charts for basic and revised schedule are also given in 

Plate 1 and Plate 2 respectively. 
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PLATE 1 

BASIC SCHEDULE FOR 

''TRENCHING AND LAYING PIPES 
	 . 	 

NUMBER OF NODES = 13 „ 
NUMBER OF ACTIVITIES = IS 	. . . 

CPM NETWORK. TEST PROBLEM BASIC DATA 
. ". 

I 	1/41 	u 	T 
A-AwARD CONTRACT 	1 	2 	1 	i 
8-CLEAR SITE 	 2 	3 	7 	2,  
C-ORDER PIPE 	 2 	4 	1 	3 - 
0-GAY PIPE 	 3 	5 	3 	4 
E-DEL.PIPE 	 4 7 15 5 
F-EX.TRENCH 	T. 	5 	6 	2 	6 ' 
G-DUMMY 	 6 7 0 7 \ 
H-COMPL,TRENCH 	6 	9 	8 	8 
I-FL. TEST,PIPE 	7 	8 	5 	9 
J-CoNT.PL.I TEST /RIPE 8 - 10 13 10 
K-START BACKFILL 	8 	12 	15 	11 
L-DUMMY 	 9 	10 	0 	12 
M-COMPL,PL I TEST I PIPE 	10 	11 	2 	13 
N-DUMMY 	 11 	12 	0 	14 
0-COmPL,BACKFILL 	12 13 2 15  

*******************************************************************4******************************* 
ACTIVITY DESCRIPTION 	I-NODE 0-NODE DURAT 	EST 	EFT 	LST 	LFT 	T,FLOAT TRADE 
t*********************************w4tool***0$“*MOMOOMI*40;***4***#10100#4*X1rMOM: 

A-AWARD CONTRACT 	I 	4  
B-CLEAR SITE 	 2 	* 
C-ORDER PIPE 	 2 	4 
D-LAY PIPE 	 3 	* 
E-DEL,PIPE 	 4 	* 
F-EX.TRENcM 	100FT, 	5 	t 
0-DUMMY 	 6 	* 
H-COMPL,TRENCm 	6 	4 
I-PL,TEST,PIPE 	7 	* 
J-CONT,PL.,TEST,PIPE 	8 	* 
K-START BACKFIGL 	8 	* 
L-DUMMY 	 9 	* 
m-COMPL.PL,TEST,PIFE 	10 	* 
U-DUMMY 	 11 	* 
0.compL.BACKFILL 	12 	* 

**4***m#01**0#************* 

	

2 	* 	1 	*' 

	

3 	* 	7 	;/ 

	

4 	* 	1 	*, 

	

.5 	* 	3 	*, 

	

7 	* 	15 	lc, 

	

6 	* 	2 	* 

	

7 	* 	0 	* 

	

9 	* 	8 	* 

	

8 	* 	5 	* 

	

10 	* 	13 	* 

	

12 	* 	15 	.4 	) 

	

10 	* 	0 	4 	1 

	

11 	* 	2 	* 

	

12 	* 	0 	* 

	

13 	* 	2 	*. 
**********#****; 

REARRANGEMENT 
EST  

	

0 	I 	1 	* 	0 	* 	1 	* 	0 

	

1 	* 	8 	* 	5 	* 	12 	* 	4 

	

1 	* 	2 	* 	1 	* 	2 	$ 	0 

	

8 	1 	11 	* 	12 	* 	15 	* 	4 

	

2 	* 	17 	* 	2 	* 	17 	* 	0 

	

11 	* 	13 	; 	15 	; 	. 17 	* 	4 

	

13 	$ 	'13 	; 	17 	* 	17 	* 	4 

	

13 	* 	• 	21 	.4 	27 	* 	35 	* 	14 

	

17 	* 	22 	* 	17 	* 	22 	* 	0 

	

22 	* 	35 	* 	22 	* 	35 	* 	0 

	

22 	* 	37 	* 	22 	37 	* 	0 

	

21 	* 	21 	,* 	35 	35 	* 	. 14 

	

35 	* 	37 	* 	35 	31 	* 	'0 

	

37 	* 	37 	* 	37 	* 	37 	; 	0 

	

37 	* 	39 	* 	37 	* 	39 	* 	0 
************************************• 
IN ASCENDING ORDER OF 

* 	1 	lc 
* 	2 	* 
$ 	3 	0 
* 	4 	I 
* 	5 	* 
1 	6 	* 
* 	7 	* 
* 	8  * 
I 	9 	* 
* 	10 	* 
* 	11 	* 

	

12 	* 

	

13 	* 

	

14 	* 

	

#15 	; 
**mom* 

*****ttotoo*******#***4;wpm**w****$mmoc44414444440444444$44 

	

ACTIVITY DESCRIPTION 	I--NODE 	LI-NM 	UUPAT 

A-AWARD 	CONTRACT 	I 	* 	2 	/ 	- 	1 	'4i .  
B-CLEAR SITE 	 2 	* 	3 	* 	7 
C-ORDER PIPE 	 2 	* 	4 	* 	1 
E-DEL,PIPE 	 4 	* 	7 	* 	15 
D-LAY PIPE 	 3 	I 	5 	* 	3 
F-EX.TRENCH 	100FT. 	5 	* 	6 	* 	2 
G.DUmmy 	 6 	* 	7 	* 	0 
H-COmFL.TRENCM 	6 	$ 	9 	* 	8 
I-PL „TEST,PIPE 	7 	* 	8 	; 	' 	5 
L-DUMMY 	 9 	* 	10 	* 	0 
K-START BACKFILL 	8 	* 	12 	I 	15 
J-CONT.PL.,TEST/PIPE 	8 	* 	10 	* 	13 
m-COMPL,PL,TEST,PIPE 	1 	11 	* 	2 	1; 
N-DOMMy 	 110 

	* 
* 	12 	* 	o 	1* 

0.coNpL,BACKFILL 	12 	,* 	13 	* 	2 	i* 

*********************************************0*******************;**************4044;44“;;;;*4! 

************************************************************************************************** 

4444444444444414444****444 

	

, EST 	EFT 	LST 	LFT 	TaLoAT 	TRADE 

	

6 	; 	1 	$ 	. 	0 	4  1 	* 	0 	* 	1 	* 
C 	1 	4, 	43 	* 	5 	* 	12 	* 	4 	* 	2 	* 
*1 	1 	* 	2 	* 	I 	$ 	' 	2 	; 	0 	* 	3 	$ 
*r 	2 	* 	17 	I 	2 	* 	17 	* 	0 	4 	5 	* 
*I 	8 	* 	11 	* 	12 	* 	15 	* 	4 	* 	4 	* 
;„ 	11 	$ 	13 	* 	15 	$ 	17 	* 	4 	* 	6 	* 
W 	13 	/ 	13 	* 	17 	* 	11 	* 	4 	* 	7 	* 
y1, ', 	13 	4 	21 	* 	27 	* 	35 	* 	14 	* 	8 	; 
4, 	17 	* 	22 	* 	17 	* 	22 	$ 	0 	* 	9 	* 
* 	21 	* 	21 	* 	35 	4 	35 	4 	14 	* 	12 	* 

	

* /22 	* 	37 	; 	22 	*. 	37 	* 	0 	* 	11 	* 
*”" 	. 	22  * 	35 	4 	22 	* 	35 	* 	0  1  10  * 

	

53 	$ 	37 	* 	35 	* 	37 	* 	0 	* 	13 	* 

	

37 	* 	37 	* 	37 	* 	37 	* 	0 	* 	1,4 	* 

	

37 	* 	39 	* 	37 	* 	39 	$ 	0 	* 	15 	* 

NORMAL PROJECT DURATION= 39 



******************************************************************************************************* 
S.N, OF ACTIVE ACTIVITIES 	1 	2 	3 	5 	4 	6 	7 	8 	9 	12 	11 	10 	13 	14 	15 

”**************************************************************************************************$*** 
ROCK NUMBER 	1 

*************************************************************$;*$$*****14******************0*********** 
A-AWARD CONTRACT 	* 

*E 
*L I  

B-CLEAR SITE 
* EEEEEEE 
* 	LLIZEILL 

C-ORDER PIPE 
$ E 

L 

E-DEL,PIPE 
* EEEEEEEEEEEEEEE 
* LLLLLLULLIALLL 

D-LAY PIPE 	* 
EEE 

LLL 
I 

F-ELTRENCH 100FT. * 
EE 

LL 

(;-DUMMY 
* 	E 
* 	 L 

9-COMPL,TRENCH 	* 
EEEEEEEE 

LLIALLL 
4 

I-PL.,TEST,PIPE 	* 
EEEEE 
LULL 

4 
L7DUMNY 

K-START BACKFUL 	* 
EEFEEEEEEEEEEEE „,,tmt.TriffJ 

J-CONT.PL.,TEST,PIPE* 
EEEEEEEEEEEEE 

I 	 LLULL4LIILLLL 
I 

R.COMPL.PL I TESTI PIPE* 
EE 
LL 

2 
MUMMY 

2 

0.COMPL.BACKFILL 	* 
EE 

O 
*** $* ** * ******************** $ ****** *********************************************************** 

10 	20 	30 	40 	50 	60 	70 	80 



.PLATE 2 
..... 

REVISED SCHEDULE PROBLEM 1 

OF TRENCHING AND LAYING PIPES 

NUMBER OF NODES =13 
NUMBER OF ACTIVITIES .45 
CPM NETWORK TEST PROBLEM BASIC DATA 

IJDT 
A-AWARD CoOlhcl 1 2 1 1 
B-CLEAR SITE 2 3 7 2 
C-ORDER PIPE 2 4 1 3 
D-LAY PIPE 3 5 3 4 
E-DEL.PIPE 4 7 15 5 
F-EX.TRENCH 100FT, ' 	5 6 2 6 
t,-DUMMY 6 7 0 7 
H-COMPL.TREMCH 6 9 8 8 
IsPL./TEST,PIPE 7 8 5 9 
J-CONT.PL, (TEST / PIPE 8 10 13 10 
K-START BACKFILL 8 12 15 11 
L-DUMMY 9 10 0 12 
M-COMPL,PL,TEST,PIPE 10 11 2 13 
N-DUMMY 11 12 0 14 

,O-COMPL,BACKFILL 12 13 2 15 

14 
6 
8 
9 

10 
11 
12 
15 

6 
8 

16 
5 
6 
7 
9 
9 
8 

13 
7 

10 

7 
6 
8 
9 

10 
12 
10 
14 

0 
0 

3 
4 
8 
5 

13 
15 

0 
2 
9 
1  

2 

0 
0 
0 

CPM NETWORK TEST PROBLEM REVISED DATA 

NUMBER OF NODES = 14 
NUMBER OF ACTIVITIES = 16 

IJDT 
A.AWARD CONTRACT 1 2 1 1 
B-CLEAR SITE 2 3 7 2, 
C-ORDER PIPE 2 4 1 3 
D.LAY PIPE 3 5 3. 4 
E-OEL.PIPE 4 7 15 5 
F-EX,TRENCH 100FT. 5 6 4 0 
X-ISSUE MATERIALS 4 5 2 0 
H.COMPL,TRENCH 6 8 _8 0 
1.PL,,TEST,PIPE 7 9 5 0 
J.coUT.PL„TESTOIPE 9 10 13 0 
N-START BACKFILL 9 12 15 0 
Y-CHECKING SLOPE , 	8 9 5 0 
M-COMPL.PLI TESTOIPE 10 11 2 13 
N-DUMMY 11 12 0 14 
0-COMPL.BACKFILL 13 14 2 0 
P,,,C0',1T.BACKFILL 12 13 5 0 

THE QUANTITIES WRITTEN BELOW ARE CHANGE() DATA 
... 

X..I$SUE MATERIALS 	4 	5 
Y-CHECKING SLOPE 	8 	9 
P.CONT.BACKFILL 	12 13 



*******************1******************************************************$$$$$$$************** *** 
ACTIVITY DESCRIPTION 	I-NODE J-NODE DuRAT 	EST 	EFT 	LSI' 	LET 	T oFLOAT TRADE 

A-WRD CONTRACT 	1 $ 	2 * 	1 * 	0 * 	1 * 	.0 * 	1 * 	0 * 	1 * 
8-CLEAR SITE 	2 * 	1 * 	7 * 	1 * 	8 * 	1 4 	8 * 	0 * 	2 * 
c-ORDER NH. 	2 4 	4 $ 	1 4( 	1 4 	2 * 	7 * 	8 $ 	6 * 	3 * 
D-LAY PIPE 	3 * 	$ $ 	3 * 	8 * 	11 $ 	8 * 	11 $ 	0 * 	4 4 
-DEL,PIPE 	4 * 7 1 15 * •2 * 17 * 8 * 23 * 6 * 5 * 
F-ELTRENcH B'JFT, 	5 $ 	6 * 	4 * 	11 * 	15 * 	11 1 	15 * 	0 * 	6 * 
x.Ism MATERIALS 	4 $ 	5 1 	2 * 	2 1 	4 * 	9 1 	11 * 	7 * 	7 * 
H-CONPL,TRENCR 	6 * 8 * 8 * 15 * 23 * 15 * 23 $ 0 * 8 * 
1-PL.,TE$T,RIRE 	7 * 9 * 5 * 17 * 22 * 23 1 28 * 6 * 9 1 
J-CONT.RL„TEST,PIRE 9 1 ID * 13 1 28 * 41 * 28 * 41 ; 0 * 10 * 
K-START BACKFILL 	•9 1 	12 * 	15 1 	28 * 	43 * 	28 * 	43 * 	0 * 	11 * 
Y-CHECKINC SLOPE 	8 *. 	9 * 	5 4' 	23 * 	28 * 	23 * 	28 * 	0 * 	12 * 
m-CONRLA,TESTI PIPE 20 4 II * ' 2 * 41 * 43 * 41 * 43 * 	0 * 13 * 

',',..oupiMy 	11 $ 12 * 0 1 43 * 43 * 43* 43 * 0 * 14 * 
0.cuPL,BACKEILIL 	13 * 	14 * 	2 * 	48 * .50 * 	48 ' 1 	50 * 	0 $ 	15 1 
R-CONT,BACEFIL1.1 	12 * 13 * 5 * 43 * 48 ; 43 * 48 * 0 1 0 ; 

##$$$********************************************************************************************* 
REARR6GEmENT IN ASCENDING ORDER OF 
EST 

4(******404#1*$********************************************************************************* 
ACTIVITY oEsCRIRTin 	I-NODE J-NODE DURAT 	EST 	EFT 	LST 	LFT 	TaLOAT TRADE 

********************************************************************************************$$$$$** 
A-AWARD COHTRACT 	1 * 	2 * 	1 * 	0 4  1 ;  0 *  1 *  0 *  1 * 
5-CZAR SITE 	2 * 	3 * 	7 * 	1 * 	8 * 	1 * 	81042* 
C-r)R00 PIPE 	2 * 	4 1 	1 * 	1 $ 	2 * 	7 * 	8 10 	6' * 	3 4 • 
E-OEL.RIRE 	4 4 7 ; 15 * 2 $ 17 *•- 8 $ 23 ; 6 $ 5 1 
X-ISSUE MATERIALS 	4 ,* 	5 4 	2 * 	2 4 	4 * 	9 * 	11 1 	7 ; 	7 * 
D-LAY PIPE 	3 * 	5 * 	3 * 	8 $ 	11 * 	8 $ 	11 * 	0 * 	4 $ 
F-Ex.TRENCH 10oET, 	5 * 	6 * 	4 * 	11 t 	15 * 	11 1 	15 * 	0 ,  $ 	6 * 
R-coMPL,TRENCH 	6 * '8 * 9 * 15 ; 23 * 15 * 23 * 0 $ 8 4 
I-PL,tTEST t P1PE 	7 * 9 * 5 $ 17 * 22 * 23 * 28 1 6 * 9 * 
Y-CHEcKING SORE 	8 * 	9 * 	5 * 	23 * 	28 * 	23 * 	28 * 	0 $ 	12 $ 
K-START' RAUF1fiL 	9 * 	12 * 	0 $ 	28 * 	43 4 	28 * 	43 * 	0 * 	11 * 
J-CONT,PboTEST,P1PE 	9 4 	10 4 	13 * 	28 * 	41 * 	28 * ' 41 1.  0 * 	10 * 
m-cOMPL,PLI TEsTr RIRE 10 * 'II * 2 4 41 4  43 4̀  41 1 43 1 0 * 13 * 
N-DONMy 	11 1 	12 $ 	0 * 	43 * 	43 4 	43 * 	43 * 	0 * 	14 4 
rt -CONT,8ACKFILL 	12 * 13 $ 5 4 43 * 48 * 43 1 49 * 0 * 0 * 
0-CURL.OACKEILL 	13 * 14 * 2 * 48 $ 50 * 48 * 50 * 0 * 15 * 

*******114114******************************* 	**********4***************444444444444* 	******** 
REVISED PROJECT DURATION: 50 



****;************************************************** 	4#4****44444444404444444444444444444444444444 
se tJ. OF ACTIVE ACTIVITIES 	1 	2 	3 	5 	7 	4 	6 	8 	9 	12 	11 	10 	13 	14 	16 

15 
*****;;;;;;*******************/***********************0***********************************************$ 

BLOCK NUMBER 
******/************************************************************************************************* 

A-AWARD CONTRACT 	4 
*E 

D-CLEAR SITE 
* EFEEEEE 
* LLLULL 
4 

C-ORDER PIPE 
*E 
* 	L 

E-DEL.PIPE 
* EEEEEEEEEEEEEEE 
* 	LULLLULLULLL 

X-ISSUE MATERIALS 	4 
EE 

LL 

D-LAY PIPE 
4 	EEE 
4 	LLL 

F-ELTRENCP 100FT. $ 
SEER 
LLLL 

H-COMPL.TRENCH 
EEEEEEEE 
LLULLLL 

I-PL.I TEST.PIPE 	* 
4 	EEEEE 

LULL 
4 

Y-CHECKINC SLOPE 	* 
• EEEEE 

LULL 

K-START BACKEILL 	4 
EEEEEEEEEEEEEEE 

4 	 LLULLULLLLLLL 

0-CUJT.PL.,TEST,P PE/ 
EEEEEEEEEEEEE 
LLUILLLIALLL 

E-COMPL,PL,TESTI PIPE1 
4 	 EE 

LL 

0-DUMMY  

L' 

p.carT.BACKFILL 	* 
EEEEE 
LLLLL 

4 
0-CM,BACKFILL $ 

* 	 EE 
LL 

***************************************************** * ******************************************** 
0 	10 	20 	30 	40 	50 	60 	70 	80 



PLATE 3 

REVISED SCHEDULE PROBLEM 2 

TRENCHING AND LAYING PIPES 

NUMBER OF NODES =13 
NUMBER OF ACTIVITIES = 15 
CPM NETWORK TEST PROBLEM BASIC DATA 

I J D. T 
A-AWARD CONTRACT 1 2 1 1 
8-CLEAR SITE 2 3 7 2 
C-ORDER PIPE 2 4 1 3 
0-LAY PIPE 3 5 3 4 
E-DEL.PIPE 4 7 15 5 
F-Ex.TRENCH 100FT. 5 6 2 6 
G-DUMMY 6 7 0 7 
H-COMPL,TRENCH 6 9 8 8 
I-PL.,TEST I PIPE 7 8 5 9 
J-CONT.PL,ITESTIPIPE 8 10 13 10 
K-START BACKFILL 8 12 15 11 
L-DUMMY 	. 9 10 0 12 
M-COMPL,PL,TEST,PTPE 10 11 2 13 
N-DUMMY 11 12 0 14 
0-COMPL,BACKFILL 12 13 2 15 

THE OUANTITIES 'WRITTEN BELOW ARE CHANGED DATA 

13 	13 	6 1 3 
6 	5 	6 4 
8 	6 	8 8 
9 	7 	9 5 

1 	9 	10 0  1 
15 119 	12 

12  8  10 0 
6  7  0 0 
9  12  15 0 
8  u 0 

X-CHECKING G SLOPE 5 0 
13 	13 	9 	1 	1 

NUMBER OF NODES = 13 
NUMBER OF ACTIVITIES : 13 

CPM NETWORK TEST PROBLEM REVISED DATA 

A-AWARD CONTRACT 
S-CLEAR SITE 
C-ORDER PIPE  
D-LAY PIPE 
E-DEL.PIPE 
F-E4TRENCH 100FT. 
X-CHECKING SLOPE 
H-COMPL.TRENCH 
I-PLoTEST,PIPE 
J-CONT.PL. 0 TESTIPIPE 
M-COMPL,PL I TE$T,PIPE 
N-DUMMY 
0-COMPL I BACKFILL 

I 
1 
2 

3 
4 
5 
8 
6 
7 
9 

10 
11 
12 

J 
2 
3 

5 
7 
6 
9 
8 
9 

10 
11 
12 
13 

D 
1 
7 
1 
3 

15 
4 
5 
8 
5 

13 
2 
0 

. 2 

T 
1 
2 
3 
4 

. 	5 
0 
0 
0 
0 
0 

13 
14 
15 



*************************************************************************************************** 
ACTIVITY DEsCRIPTIoN 	I-NoDE 	J-NODE 	HEAT 	EST 	EFT 	 	 L ST 	LFT 	T,FLoAT 	TRADE 

0*******************41***************************************m********************************* 
A-AWARD CONTRACT 	I 	$ 	2 	* 	1 	* 	0 	4 	1 	* 	0 	* 	1 	* 	0 	4 	1 	* 
B-CLEAR SITE 	2 	* 	3 	$ 	7 	* 	1 	* 	8 	* 	1 	* 	8 	$ 	0 	* 	2 	* 
C-ORDER PIPE 	2 	$ 	4 	* 	1 	* 	1 	* 	2 	4. 	7 	4 	8 	$ 	6 	* 	3 	* 
D-LAY PIPE 	3 	* 	5 	* 	3 	* 	8 	* 	11 	* 	8 	1 	11 	$ 	0 	$ 	4 	* 
E-DEL,PIPE 	4 	4, 	7 	* 	15 	4 	2# 	17 	4 	8 	* 	23 	$ 	6 	4 	5 	* 
F-EX,TRENCR 100FT, 	5 	* 	6 	$ 	4 	* 	11 	* 	15 	* 	11 	* . 	15 	* 	0 	* 	6 	* 
X-CHECKING SLOPE 	8 	* 	9 	If 	5 	$ 	23 	* 	28 	* 	23 	* 	28 	$ 	0 	* 	7 	$ 
H-COMPL,TRENCH 	6 	1 	8 	* 	8 	* 	15 	; 	23 	* 	15 	1 	23 	* 	0 	* 	8 	* 
I-PL. TEST,PIPE 	7 	1 	9 	* 	5 	* 	17 	* 	22 	4 	23 	* 	28 	* 	6 	* 	9 	* 1  , 
J-CONA,PL„TEST,PIPE 	9 	* 	10 	* 	13 	* 	28 	$ 	41 	1 	28 	* 	41 	* 	0 	* 	10 	$ 
m-CONPL,PL/ TESTI PIPE 	10 	4 	11 	4 	2 	* 	41 	$ 	43 	* 	41 	4 	43 	$ 	0 	$ 	11 	* 
N-DUmmy, 	11 	* 	12 	4 	0 	* 	43 	4 	43 	* 	43 	* 	43 	$ 	0 	* 	12 	* 
o.cOmPL,BACKFILL 	12 	$ 	13 	* 	2 	$ 	43 	* 	45 	* 	43 	$ 	45 	$ 	' 	0 	* 	13 	4 

4444*********4**************************14*****************0*******44401*4$ 44*****44# 	** *14M 

********************* 
ACTIVITY DESCRIPTION 

********************* 
A-AWARD CONTRACT 
3-CLEAR SITE 
C-ORDER PIPE 
E-DEIJ,PIPE 
D-LAY PIPE 	3 * 	5 * 	3 * 	8 * 	11 * 	8 * 	11 $ 	0 ; 
F-EX,TRENCH 100FT, 	5 * 	6 4 	4 * 	11 * 	15 * 	11 * 	15 $ 	0 * 
H-cONPL,TRENCH 	6 * 	8 * 	8 * 	15 * 	23 * 15 $ 23 1  0 * 

TEST,PIPE 	7 * 	9 $ 	, 5 $ 	17 * 	22 * 	23 $ 	28 $ 	6 * 
X-CHECKING SLOPE 	8 * 	9 * 	5 * 	23 $ 	28 * 	23 4 	28 * 	0 4 
J-CONT,PL,I TESTIPIPE 9 $ 10 * 13 * 28 * 41 * 28 * 41 * 0 * 
N-COMPL,PLITEST,PIPE 10 * 11 ; 2 * 41 * 43, ; 41 $. 43 * 0 * 
N-DUMMY 	11 * 	12 * 	0 * 	43 * 	43 # 	43 * 	43 * 	0, * 
O-COmPL,BACKFILL 	12 * 	13 4 	2 * 	43 * 	45 4  43 * 45 1 0 * 

#44###444#######4#44##44#4** k######4*##4#######4###**** #4#4##4##4#*#4#4###44#4####4#44# 
REVISED PROJECT DURATION= 45 

REARRANGEMENT IN ASCENDING ORDER OF 
EST 

****************************************************************************** 
I-NODE J-NODE DURAT EST 	EFT 	LST 	LFT T,FLOAT TRADE 

0(*****0*****"*****0******************************************************** 
1# 2* 1 / 0 4  1 $ 0 $ 1 * 	* 1 $ 
2 $ 3 * 7 * 1 $ 	* 1 ; 8 * 0# 2 * 
2 * 4 * 1 * 1# 2 4  7 4 8# 6 * 3 ; 
4 * 7 * 15 	2# 17 4  8 ; 23 * 6 * 5 

4 * 
6 1 
8 ; 
9 
7 
10 * 
11 $ 
12 1 
13 * 
* $ *** 



44444444*****4444444444444444444444444044444444 444444444*******044#4444$4400/444444444444444404*** 
5.N. OF ACTIVE ACTIVITIES 	1 	2 	3 	5 	4 	6 	8 	9 	7 	10 	11 	12 	13 

******************************************************************************************************** 
BLOCK NUMBER 	1 

******************************************************************************************************4( 
A-AWARD CONTRACT 	* 

*E 
41, 

B-CLEAR SITE 
* EEEEEEE 

LLULLL 

C-QROER PIPE 
4F, 

E-0EL.PIPE 
* EEEEEEEEEEEEEEE 

LLLLIALLLULLLL 

	

* 	EEE 

	

* 	LLL 

F-ELTRENCH 100FT, I 

 

*  EEEE 
LLLL 

* 
R-CONPL,TRENCH 	* 

	

. * 	 EEEEEEEE 

	

4 	 LLIALLLL 
4 

ImPL.,TEST,PIPE 	* 
EEEEE 

LULL 

X-CHECKING SLOPE 	* 

	

* 	 EEEEE 
LLI,LL 

0-CONT,PL„TEST,PUE* 

	

4 	 EEEEEEEEEEEEE 
LLLLIALIALLLLL 

M-COMPL,PL,TEST,PIPE* 
EE 
LL 

N-DUMMY 	 * 

* 
0-COMPL,BACKFILL  * 

EE 

* 
#4###*#4#*4444# ******** **************4*****************************************************  * 
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0-LAY PIPE 
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This first problem deals with more number of additions 

than deletions. The second problem is same as the first when 

. considering the basic data  But in that deletions are more 

than additions. The second. case is explained below. 

5.8.2 PrOblem 2 

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 Jays. For basic network diagram refer Fig.19A 

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

Revised Schedule 

The changes arc incorporated in the basic data. The 

revised data is as follows :— 

I—no Activity Description 

— Award contract 

B — Clear site 

C  Order pipe 

D — Lay pipe 

— Deliver pipe 

Excav a te trench 100 ft. 
X — Checking slope 
H — Complete trench 

— Place, test pipe 

J  Continue place, test pipe 9 

M — Complete place,  test pipe 10 

N — Dummy 11 

0 — Complete backfill 12 

1  2  1 

2  3  7 

2  4  1 

3  5  3 

4  7  15 

5  6  4 

a  9  5 

6  8  8 

7  9  5 

 

10  13 

 

11  2 

 

12  0 

13 
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Total number of nodes after revision is 13 and number of 

activities is also 13. The revised duration is 45 days. 

The changes inc)r,)oratod in this case nxo the following :— 

1. Duration 

Activity F changed the duration from 2 to 4. 

2. Nodes 

(a) Node 8 become node 9 

(b)• Nolo 9 became node 3 

3. Deletions 

Activities 6-7, 9-12 (old G-12) and 8-10 (old 9-10) are 

deleted. 

4. Additions 

Activity X (6-9)is added. 

In this case first of all activity F which changed durationj 

the nodes 8 and 9 are replaced by the nee ones. There are 3 

deletions and 1 addition. One 'deletion is replaced by the 

adition. The extra deletions are shifted to the last part of 

the matrix and each time it is shifted the activities become,  

one loss, so that finally the total number of activities 

are (15-2) i.e., 13. Thccritical path is through 1,20 3,51 6,8, 

10,11,12 (8,12) and 13. 

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

The revised schedule and bar chart are given in Plato 3. 



       

, 
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5.8.3 Problem 3 

From the network diagram for 'SCOPE' office complex, 

a small part is taken into c)nsideration. It is fed as 

data to test the monit -)ring program. The only change in it 

is its duration. For the letails of this part refer 

Chapter 6. 
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CHAPTER-6 

REVIEW OF CASE STUDIES 

6.1 INTRODUCTION 

The case studies relate to the network scheduling 

and monitoring used in two separate buildings under 

construction. One is 'SCOPE' office complex, New Delhi, 

and second is 'Zerox 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 'SODPE', has got more experience 

than those who has done Zerox complex. Zerox complex is 

their first project in which they used management technique. 

In SCOPE the computer has been used for scheduling, for 

daily schedules of labourers, materials etc. • The type of 

technique used, is different. In SCOPE the CPM network 

i$ used, and in Zerox complex. precedence network is used. 

Both these techniques have their own advantages and dis-

advantages. But thy: fact is that.one will find it easier 

to use one technique, if he is used to it. If one person 

. is accustomed with CPM networks, 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 two basements. 

Total floor area excluding basement is 70,000 sq.m. The 
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total area is divided into 8 cores with independent stair-

cases (Fig.20A). Estim,  ted total cost is around 15 lakhs. 

reach 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 contra ctor who 

decides about the duration, sequenc of works etc: It will 

be checked by the management team later. If there are mani-

pulations it will be pointed out by the manager and the 

contractor and manager will try to come to a compmmise. 

In any case if contractor is failing to make the basic 

schedule, the manager has got the right to make the drawings 

himself. In that case contractor is forced to accept it. 

$ut in most cases contractor will prepare the basic network. 

It need not be much sophisticated or upto the standard. 

What the project manager needs is the approximate duration 

and the sequence to which the contractor can stick. He 

will do this according to the availability of resources 

like money, materials, labourers etc. 

In this 'SCOPE' complex, the management section took 

over the work after some months. So by that time foundation 
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13. Internal stone cladding and Kotah stone 

flooring. 

14. Marble cladding and flooring Lift lobby 

15. Internal services water supply and sewerage. 

16. External sewerage and drainage. 

Brief descriptions of these items a re given below. 

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

Upto 6th floor columns were over and this part of the 

network deals with the rest of the s ttucture like columns 

above 6th floor level, roof slab, liftwell in the cores 1 and 

5 etc. 

2. Lower Basement (Fig.B) 

The work loft in this part are the following 

Refill slab 

Brickwork in different areas 

P.C.C. over rofill slab 

Flooring hardonite 

Door frame 

Door shutters 

Distemper, paint and polish. 
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and a part of the structure was over. From that position, 

the contractor 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 gives 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 basement 

3. Upper basement 

4. Ground floor 

5. Mezzanine floor 

6. First floor 

7. Second Floor 

8. Third floor 

9. Fourth floor 

ID. Fifth floor 

11. Sixth floor • 

12. Above 6th floor 
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13. Internal stone cladding and Kotah stone 

flooring. 

14. Marble cladding and flooring Lift lobby 

15. Internal services water supply and sewerage. 

16. External sewerage and drainage. 

Brief descriptions of these items a re given below. 

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

Upto 6th floor columns were over and this part of the 

network deals with the rest of the s tructure like columns 

above 6th floor level, roof slab, liftwell in the cores 1 and 

5 etc. 

2. Lower Basement (Fig.B) 

The work loft in this part are the following :- 

Refill slab 

Brickwork in diff (rent areas 

P.C.C. over xofill slob 

Flooring hardonite 

Door frame 

Door shutters 

Distemper, paint and polish. 
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3. Upper Basement (Fig.B) 

In this area work to be done is shown as 

Door frame timber. 

Door shutters. 

Distemper, paint and polish. 

4. Ground Floor (Fig.B) 

Leftiover brick. 

Kotah stone flooring. 

Door frame timber. 

External stone cladding. 

Glazing. 

Waterproofing in open area. 

Marble flooring in general area. 

Internal stone cladding. 

Painting and polishing. 

Floor polishing. 

5. Mezzanine Floor (Fig.C) 

Left over brickwork. 

Door Frame timber. 

Internal stone cladding. 

Left over plaster. 

Delivery door shutters. 

External stone cladding. 
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Painting and polishing of shutters. 

Glazing. 

Window painting and floor polishing. 

6. First Floor (Fig.0 ) 

Left over brick work. 

Door frame timber. 

Steel door and window flames. 

Plastering. 

Terrazo flooring. 

Cement flooring. 

Grinding and cutting. 

Glazing. 

Door Shutters in general area 

Painting and polishing of door shutters. 

Painting walls and ceiling. 

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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poor 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..  

Glazing. 

Painting walls and ceiling. 

Window painting and floor polishing. 

9. Fourth Floor (Fig.E) 

Brickwork. 

Door frame timber, 

Steel door and window frame, 

Plastering. 
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Terrazo flooring. 

Cement flooring. 

Grinding and, cutting. 

External stone cladding. 

Door shutters in general area. 

Painting and polishing door shutters. 

Painting walls and ceiling. 

Glazing. 

Window painting and floor polishing. 

10. Fifth Floor (Fig.E) 

Brick work. 

Additional fins. 

Steel door and window frame. 

External stone cladding. 

Grinding and cutting. 

Plastering. 

Terrazo flooring. 

Cement flooring. 

Door shutters in general area. 

Painting and polishing door shutters. 

Glazing. 

Window painting and floor polishing. 

Painting wall and ceiling. 
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11. Sixth Floor (Fig.F) 

Brick work. 

Additional fins. 

Door frame timber. 

Steel door and window frame. 

Plastering. 

Terrazo flooring. 

Cement flooring. 

Door shutters in general area. 

Painting and polishing door shutters. 

Painting wall 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 painting. 

Door shutters. 

Water proofing. 
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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 stone 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 shutters in toilet. 

Brick work and door fi xing. 

Sanitary fixing. 

Testing and commissioning sanitary system. 

16. External Sewerage and Drainage 

Earthfill and consolidation. 

Construction of manhole covers. 

Layihg and jointing sewer lines. 

Construction of manhole for water drainage. 
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Laying water lines. 

Testing and commencing waterlines. 

Laying and jointing rain water. 

Pipe line. 

Testing and commissioning rain water pipe line. 

From the above list of activities it can be seen thst 

in all floors the work is almost same since it is single 

block and all the floors are similar. Sow ork is taken floor 

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

one floor, it can be started in the next floor. 

Revised Schedule (Fig. 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 more when compared 

with the total additional cost that to be spent. For that 

they reduced the duration of certain activities, without 

disturbing 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 number of labourers for 

these items. 
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6.2.2 Labour Norms and Per Day Output : 

The duration for each activities depended on the 

materials and manpower available. Network diagram was 

drawn assuming that the mat e rials were available. If some 

unavoidable circumstances arise like shortage of cement 

and steel, that should be taken into account. In this 

project it is assumed that materials are available at time. 

The next factor is manpower. It should be calculated that 

how much manpower is required for each job. Then it should 

be compared to the avl liable number. For calculating the 

manpower for each work, either the contractor can f indout 

the number from his c,,xporienc or he (Ian adopt some standard 

norms derived by some other organisation. In SCOPE complex 

the NBO (National Building Organisation) Labour Norms are 

used But since th management team was not satisfied with 

some of these, they mado some changes. 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 norms it can be seen that for certain amount 

of work certain manpower is required. The total quantity 

of work can be calculated. Table 213 gives per day output 

required for completion by January 1985. In this case it 

becomes easier to check the progress of the work done per  

clay. 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 soon that the total area 

of the building is divided into 4 regions and 8 cores. Since 

it is similar in all floors the network can be divided into 

different parts, in s uch a way that it represents cycles or 

chains. In Fig.21 the cycles used in different pa rt is shown. 

In that network nodes 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 

one region. When the work is completed it will take for 

another region. Simultaneously 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. 

Cor 'e Region 

Fig. 20B shows the cycle of activities for the core 

region. It consists of the following activities :— column 

reinforcement, column shuttering, column concreting, slab 
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shuttering, slab reinforcement, slab concreting, staircase 

shuttering, staircase reinforcement and staircase concreting. 

From Node 1 to node 11 column and slab work will be 04/ er and 

it comes to the node 1 for second cycle. Simulta neously the 

staircase work will be over and node 13 will be connected 

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 2C is the first cycle, 

node 24 to 46 is the second cycle and node 40 to 53 the third 

cycle.. These cycles will be repeated until the particular 

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 be repeated in other regions also. 

6.2.4 Bar Chart 

Bar chart is the earliest 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 sole. 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 Tab1.4311. The daily schedules 

were also produced through 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 week they prepare a progress report (Tabk4A). 

From the progress report the week target and achievement in 

each week for different items is given. Also cumulative 

target and achievement is also given. So shortfall can be 

easily make out per different items of work. 

6.2.7 Monitoring of Woik 

If the different cycles of work is concerned they are 

particular about the completion 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 3  C 

DAY cARpEN' TER 
BAR-3571T , 	i 	MASON DhR 

	

.,.._ 	. 	_ 
LABOUR TOTAL 

..nal.......7.sovrawrons 1 2 3 	
..., 

4 5 

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 13.6 330.1 488.4 
6.  9.7 141.2 9.9 300.4 461.2 
7.  9.7 90.0 9.9 231.7 341.3 
8.  3.5 92.8 13.6 265.1 375.0 
9.  3.5 90.0 14.6 270.8 378.8 
10.  3.5 90.0 13.6 261.4 368.5 
11.  3.5 90.0 13.6 261.4 368.5 
12.  9.7 0.0 9.9 111.1 130.7 
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 
20.  275.5 -_, 51.2 14..,6 8.9_ _55 900,2 
21.  275,5 102.5 13.6 618.1 1009.8 
22.  281.8 102.5 9.9 588.5 • 982.6 
23.  281.8 102.5 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 12.2 376.3 585.8- 
AGE 
DEMAND 
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be co nsidered. But it makes the speeding up of that v rk. 

Even if one cycle is not finished by time, the next cycle will 

be started by time. Otherwise every vseork will have lagging. 

Simultaneously they try to complete the previous cycle. In 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 October '84 there was a major change. So they had to 

schedule again. Since they use computer they could get the 

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 of the weeks, they conduct meetings of con-

tractors, engin,  ers and proj'ect manager. Most of the decisions 

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 project manager alone. So the 

meetings and discussions are a, must, in the monitoring phase. 
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6.3 ZEROX COMPLEX 

It has 139 activities overall including installation 

of equipments and rm chinory. The precedence network method 

is used. Total duration of the project is 83 weeks. The 

different areas in the project are:— 

1. Main plant area, 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 

8. Installation of equipments 
In Eig.25 overall network diagram is 

the details of activities arc given. 

August 1983. 

system. 
and machinery. 
presented and in Table 4B.  

The work started on 

The first step they have done is making the overall 

network diagram. For convenience they have divided it into 

different parts according to the different areas. So it will 

be easier to handle each area. The duration and labour norms 

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

engineer who TS' repponsiblo for it. 



TABLE 4 B 

No. 	ACTIVITY DESCRIPTION 	DURA- EST EFT LST 
TION 

(WEEK) 
MalIP•o—omMINIMM.■-■••■171, nal•fres. 

1 	2 	3 	4 	5 	6 
TIIMOMICEMSMICOM17.111•12 

1. Approval of preliminary 	0 	0 	0 	'1 
design report 

2. Design tender and award 	2 	0 	2 	5 
of contract 

3. Site Mobilization 	2 	2 	4 	7 

4. Earth filling-Main plant 4 	4 	8 	9 

5. Design and issue of tender 5 	0 	5 	0 
documents 

6. Evaluation of tender 

LFT 

7 

TOTAL 
FLOAT 

...m-acw.-csnsra.,as.nowat-wmone 
8 

0 0 

7 . 5 

9 5 

13 5 

5 0 

5 5 10 5 10 P and award of contract 

7. Site MobilizatiJn 	2 	10 	12 	10 	12 	u 
8. Preparation and Approval 2 	10 	12 13 15 	3 

of construction drawings. 

9. Stone cwlumns, Assembly/ 	3 	12 	15 	12 	15 . 	n 
Store 

10. Stone colums,Ectrical, 	2 	15 	17 	15 	17 	U 
Mechanical paint shop. 

11. Stoe,e).wns, photo- 	1.7 	18 	17 	18 
receptor and lab.—  

12. Stone colums ,dmin, 	3 	18 	21 	18 21 
Canteen,Workers entry 

13. Earth fill, Water tower 	2 	4 	6 21 	23 	17 

14. Stone column,water tower 	1 	23 	24 23 	24 	to 

15. Footing and plinth beam 	5 	13 	18 13 18 	0 

16. Footing and plinth beam 	5 	16 	21 	16 21 	r 

17. Footing and plinth beam 	4 	18 	22 18 22 
18. Footing and plinth beam 	6 	21 	27 21 	27 	0.  

19. Raft construction 	2 	24 	26 24 26 	-.0 
20. Tender _Zrennand issue - 	6- 	0 	45 _ - 0 	6...... "--' -------,  



21. Finalisation of design 
requirements drawings 

36 0 36 0 36 0 

22. Evaluation of Tender, 
Award of contract 

7 8 15 8 15 e 

23. Site Mobilisation 2 15 17 15 17 m 

24. Earthfill etc.Tower Dev- 
eloper Building 

2 4 6 31 33 27 

25. Stone column & Footings 3 24 27 33 36 9 

26. Construction of columns 6 17 23 17 23 

27. Filling hard care pest 
control 

4 21 25 21 25 

28. Construction of folded 
plate roof 

22 23 45 23 45 0 

29. Brick work and partition 
wall 

8 39 47 39 47 0 

30. Plastering of walls 7 42 49 42 49 0 

31. Fixing doors, windows 
and glazing 

8 43 51 43 51 )0 

32. Floor slab, floor finish 7 44 51 47 54 3 

33. Construction of columns 6 17 23 17 23 0 
, 

34. Filling hardcore pest- 
control 

9 25 28 25 , 	28 	' 0 

35.7 Construction of beams 
and roof slab 

16 27 43 27 43 

36. Brickwork and partition 
wall 

6 39 45 39 45 

37. Plastering of walls 7 40 47 40 47 0 

38. Fixing doors,windows 
and glazing 

5 42 47 42 47 

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

40. Construction of columns 6 21 27 21 27 0- 



41 , Fi1ljn hardcore pest 	2 27 29 	27 29 	C 
control 

42. Construction of beams and 15 29 44 	29 44 	3 
slab. 

43. Brickwork and partition 	8 38 46 	38 46 	• 
wall 

44. Plastering of walls 	7 41 48 	41 	48 	e 

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 

48. Filling hardcore pestcontrol 4 3* 34 	30 34 	e 
49, Construction of beams 	18 32 50 	32 	50 	0 

and roof slab 
50. Brickwork and partition 	7 45 52 	45 	52 	k, 

wall 
51. Plastering of walls 	7 	41 48 	41 	48 	0 

52. Fixing doors, windows and 6 	48 54 	48 54 	0 
G la p.i.,ng 

53. 
 

Floor slab and floc51,--firil-sh---7-49--_56.__ 63_ 70  14 

54, Construction of R.C.vvall 

	

26 36 	26 36 
at +17M 

 

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

56, Bottom slab of tank and 	5 	38 43 	38 43 	0 
tank walls 

57. Top slab of Tank & parapet 243 45 	'43 	45 

58. R. C.C. stair 9 Railing, 	8 	40 48 	40 	48 ladder and piping 
59. Fixing doors & windows 	2 	46 48 	46 48 	0 

60. Painting 	 4 48 52 	48 52 	0 



8 
61. Completion and handing over 4 49  53 49 53 0 
62. Construction of columns 8 36 44 36 44 0 

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

64. Beams and Roof slab 18 44 62 44 62 (' 

65. Brickwalls, R.C.and parti- 
tion walls 

16 .48 64 48 64 0 

66. Plastering of walls 7 59 66 59 66 0 

67. 	'IXThG doors, 'andos 6 60 66 60 66 0 

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

69. White wash, painting 	• 62 71 62 71 

70. Layout,excavation,founda- 
tionlfootings-utility 
building. 

6 20 26 23 29 3 

71, Backfilling and hardcore 4 23 27 26 30 3 

72. Preparation,Approval of 
shop drawings 

6 19 25 19 25 II 

73. Fabrication of steel structural° 25 35 25 35 J 

74, Erection of portals 9 27 36 27 36 0 

- 75.--Roffing-and-side-sheeti,ng 44 4 

76. Construction of Mezzanine 7 34 41 34 41 
Brickwork. 

77. Fixing door,shitters, 
windows plastering,white 
wash 

7 37 44 47 54 10 

78. Machine foundations, 6 38 44 38 44 0 
Handling equipments, 

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

80. Finishing and handing over 2 45 47 .55 57 10 



0,..1-smSs sod — 

81. Tender preparation and 
issue tender 

82. Submission Evaluation 
of Tender Award of con-
tract HTILT,Panel Transf-
ormer Sub-Stn.and Related 
works. 

83. Construction of outdoor 
switch board 

84. Installation upset metering 
for 33 KV supply 

85. Manufacture of HT,LT pa- 
nels 

86. Delivery of HT,LT panels to 
site. 

87. Installation of HT panels 

88. Installation of HT pan_ s 
in utility, building. 

89. Manufacture of transformer 

90. Delivery,of transformer 
to site 

91. Installation of transformer 

92, 

and upset supply. 
93. Couple LT panel and trans- 

former by Bus Duct 
94. Submission, Eval.of Tender 

Award of Contract 
95. Manufacture of DGSET 

96. Delivery of DG SET to site 

97. Installation of Equipment 
in utility building. 

98. Installation of essential 
panel 

99. Layout,.installation cables, 
• wiring fittings, pB,sp13, 

— 

4 i 4 0 10 6 

2 4 6 10 12 6 

4 6 1s 40  46 50 

1 10 11 50 51 40 

32 6 38 12 44 6 

5 38 43 44 49 6 

2 43 45 52 54 9 

2 43 45 49.  51 6 

32 6 38 16 48 10 

1 38 39 48 49 10 

2 39 41 49 51 10 

45 48 5T-  -547-  

2 48 50 54 56 

12 8 20 15 27 

16 20 36 27' 43 7 

1 36 37. .43 44 

13 44, 57 44 57 0 

'3 54 57 54 57 

12 45 57 45 57 

Cables_coupl Layout.efHT. 
ing HZ' iban-els,transformer 



of Tender HVAC 

104. Award of contract HVAC 

105. Ducting,piping in and up 
to areas A & B Main plant 

106. Supply,Delivery of HVAC 
Equipment. 

107. Installation of equipment 

108. Coupling and Testing 

109. Ducting,piping in and 
upto Areas C&D Main 
plant 

115._ _CoupIi-mg-and-Testihg:-  

111. Issue,submission 
evaluation deionised Water 
supply tender 

112. Award of contract 
Deionised W/Supply. 

113. Supply Delivery of 
Equipment,to. site 

114. Installation of Equipment 

115. Ducting,piping-in and 
upto toner and developer 
building. 

1. 	 2 

100. Layout,installation,cables 
wiring,fittings, DB,SDB 
in Main plant Area C&D 

101 Layout,installation,cables 
wiring,fittings„DB,SDB, 
in Toner and Developer 
Building. 

612 50 12 49 

10 61 71 61 

62 	1 

71 

102 Design Tender preparation 	6 	3 	6 	0 6 	0 
shcrt list contractors 

103. issue,submission Evaluation 13 	10 23 10 23 	6 

1 33 

le 45 

7 46 

6 49 

2 55 

10 50 

2 00 

13 10 

1 33 

8 34 

3 42 

8  34 

42 44 

45 52 

42, 81 	39  73 

52 	10 

55 	10 

34 33 34 

55 45 55 

	

53 46 53 	0 

55 49 55 

	

57 55 57 	0 

	

60 53 63 	3 

62 63 65 3 

	

23 20 33 	11 

	

734 43 44 	10. 



116, Coupling and testing 

117. Piping in paint shop 

118. Coupling and testing. 

119. Issue, submissioncompre- 
ssor tender toner and 
Developer building. 

17).0 Award of contract compre- 
ssor tcier & Dev. 

121. Dc1; /,:y of compressor 
to site 

129. Piping for compressed 
air in Main plant Bldg. 
and upto utility bldg. 

130. .Coupling and testing 

131. White wash,painting 

2 55 57 81 83 26 

4 34 38 51 55 17 

2 45 47 55 57 10 

15  6 21 45 60 39 

1 21 22 60 61 39 

16 22 38 '61 77 39 

4 44 48 77 81 33 

1 6 7 38 39 32 

1 7 8 39 40 32 

12 8 20 40 52 32 

3 44 47 52 55 8 

2-6'77 81-  55 -4 -  2-  

2 48 50 81 83 33 

6 45 51 49 55 4 

7 51 5 55 57 4 

5 47 52 49 54 2 

122. Installation of compressor 
in utility building. 

123. Issue, submission compre- 
ssor tender assembly, 
paint. 

124. Award of contract 
sompressor„Assembly, 
paint. 

125. Delivery of compressor 
to site. 

126. Installation of compressor 

127. Piping for compressed, 
adix-in-iron-&De421nd* 
upto utility bldg. 

128. Coupling and testing. 



132. 	Whitewash,painting 7 -43 50. 47 54 4 

133. 	Whitewash, painting 6 55 61  56 62 1 

134. 	Whitewash,painting 8 • 53 61 62 70 9 

135. 	Completioh,4-leaning and 
handing over 

3 54 	. 57 54 57 41 

136. 	'Completion,cleaning and 
handing over. 

3 54 57 54 57 0 

137. 	Completionl .oleaning and 
handing over. 

3 . 	61 64 62 65 1 

138. , Completion,cleaning and 
handing over 

4 61 65 70 74 9 

139. 	Completion installation 
of fire fighting equp. 
and handing over. 

12  71 83 71 83 11-  

• 

•••••.eselmeass-se..1.mlioar-mrimMIN--or--,amarso- 	 ••- • 	- 
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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 toileti underground 

water reservoir, pump house) etc. were either completed or 

neared completion. By the end of the month 2100 m2 of 

folded plate roof was completed in the main plant building. 

In area B 1900 m2 of roof slabs were concreted. Brick walls 

had been constructed in photoreceptor and most t of the above 

mentioned areas. Fabrication and erection of s teel skeleton 

and roof sheeting for the utility building were Completed. 

Main Plant Building - Assembly Area 

Six sets of folded plates covering an area of 10 m x 30 m 

have been completed. However, a gain.st a target of 900 m3 

-co noreting-  only-  100-  m3  could-"be 	 LAI TEelf were 

instructed to mobilise an additional set of shuttering end 

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 folded plates. 

They will , ensure that no further slippage occu=r and will 

endeavour to make up for the earlier shortfalls. Brickwork 

and fixing of wi ndows have also been taken up. 
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- Main Plant Building - Other Areas 

Roof slab in area '131  are to be mmpleted by June 2D,1 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 been issued at site. Equipment 

details for electrical and mechanical workshop axes till 

awaited for finalising the foundation details. Substantial 

progress has been made in construction of brick 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 

Details of footihg have already been issued by CES 

(Consulting Engineering Services). The process adnsUltSiTtri 

KTI, wanted the height of the building to be 8 m + 3 m instea 

of 5 m + 3 m as decided earlier. After discussion with Mx, 

the increase in height, was restricted to 0.5 m. This would 

entail an additional expense of approximately Rs.100,000 on 

construcfic5K- 
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- Utility Building 

Erection of all portals was completed by May 12. 

Roof sheeting commenced on May 20, and was over by the end 

of the month. Work ben on the construction of nu chine 

foundations and cable trenches. Generator foundations is 

seined) led to be cast by 4th June 1984. Trenches and floari ng 

in this area would be completed by June 15. It was also deci-

ded to expedite flooring and trenches of HT and LT rooms. 

Details of the air conditioning plant after cooler and 

main ccompressor are yet to be finalised. The foundation 

for these areas muld be finalised as soon as these details 
are available. 

- Culvert at Main Entrance 

An 8 meters wide nullah runs between the fron-t-bouride-r 
wall and the Al tionai highway. A slab culvert is being 
constructed at the main entrance to span across this 
channel, 

Ac-c-ess Roads 

subgrade for roads has been completed. Water bound 

macadam topping has been laid over a length of 925 m. All 

essential roads are expected to be completed with in June 
before the onset of the monsoon. 
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— Overhead Water Tank 

The viewing gallery at a height of 17 meters has 

been completed. Construction of the reservoir shall 
commence at the end of May. 

— Listing for next month 

After completing the progress report of one month, 

the listing 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 progress and expected to be 

completed by the second week of August. 1400—mg of—flooring 
is complete and progress is on schcidule. G.I. strips upto 

200 metres for lighting protection have been laid. The 

airconditioning duct fabrication is in progress. Erection 

of same is expected to start from the first week of August. 

plastering is in progress and 50r/ of the windows have been fixed 
in this area. 
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— Paintshop/Electrical, Mechanical 

The brick work is under completion. 

— Toner and Developer Building 

The hold on the foundation's has been released and 

drawings for the same for, the steel structures have been 

issued. Fabrication of work for columns has commenced. No 

progress, however, is cported 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 air conditioning 

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 

erection of steel structures and the installations of trans-

formers are expected to commence by the 7th August 1984. 

— Access roads and parking area 

200 mm thick water bound macadam in parking area is 50X 

complete and paving works in portion between security block 

and site offices is in progress. The remaining roads and 
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pavements are under hold, pending decisions regardtng the 

deletion of the administrative block. 

- Boundary Lighting Poles 

17 Nos. poles along fannt boundary wall including 

cabling, have been fixed. Jurirtion box fittings are in 

progress. 

- Overhead Water Tank 

The construction of tower has been completed. The 

piping work will be taken up thereafter. 

- Listing foz.Aa.i.gust 1984 

Table 4D gives the listing for August '84. 

6.3.2 Progress Monitoring Chart 

Progress Monitoring chart is prepared for each month. 

Fig.26 gives th -prograss-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. 

().3.3 Estimated Manpower Requirement 

Manpower requirement for each work/week will be calcula-

ted. In Table 5 estimated manpower rcrpuirement 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 completed, actual i.e., actual quantity of work 

achieved, target cumulative i.e,, the total quantity of work 

to be completed 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 area. Two bars are drawn for each 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 work. Fig.28 gives the bar chart for fire protection 

system and Fig.29 gives bar chart for supply erection and 

commissioning of busbar 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. 

1. Description. 

2. Contractor. 
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3. Budgeted sum. 

4. Contract value. 

5. Revised sum. 

6. Over run/under run and remarks. 

The summary of a project cost report is as follows :- 

0..11.11.3•10111•1.1.611.4001•43.SIIPMPIIIINMA. 

Itern Budg6T 
Sum Sum 

run? 
under run 

1. Land and site 	40,50,000 
development 

50,74,000 	(+) 10,24,000 

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 
■ MWOOlafdrn.MlbblaftWwwo..WV.*.wmmomb.mrmgmp.mmOm.mmwmmagoriW 

(+ ) 	38,99 v  457 

6.3.7 Monitoring 

From the progress r.,ports we will understand that they 

are taking corrective measures in every month. If there is 

any shortge of rna-teri-als or labourers they rt-in times 

As far as this project is concerned the slippage of time was 

very less. There was no n,Azid of changing the original 

schedule so far. Thc.: main part of monitoring is keeping 

check on the 'progress 	of th e activities and take corrective 

measures., 



6.4 ILLUSTRATION 

To illustrate the monitring program, a part of the 

network of SCOPE complex is taken. The data is fed to the 

computer and the result is obtained. The follaming are the 

data :- 

Basic Data 
.......--------------------------- 
Activity Description I-node J-node duration 

1 	 - _ 	—....... .......— 3 4 ------ 

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 5 10 46 
8. 	Lay, 	join sewer line 6 9 16 
9. 	Dummy 7 8 0 
10. Continue NH for water 7 12 31 

dr-al-n-age 	- -- 
11. Lay, 	join, 	RWP 8 13 31 
12. Dummy 9 11 0 
13. Continue lay, join sewer 

line 
9 14 30 

14. Dummy 10 14 0 
15. Lay water lines 11 16 30 
16. Dummy 12 13 0 
17. Continue lay, join RNP 13 17 45 
18. Continue lay, join sewer 

line 
14 15 15 

19. Test,commission sewer line 15 18 15 



Revised 
I—node 

Duration 

— 91 — 

•-t. 

1 3 

20. Test,commission water 
line 

16 19 

21. TJst,commission RWP 17 20 16 

22. Dummy 18 21 0 

23. Dummy 19 21 .0 
24. Duni 20 21 0 

25. Dummy 21 22 0 

26. Site clear 21 23 15 

27. Clear site 22 23 34 

28. Hand over 23 24 7 

asebepoomonma. 	 •twoo■•■■•■may 

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

is 327 days. 

Roviaed Data 

The changes incorporated in the basic data are only 

change of duration for certain aftivities. The changes are 

the following 

maIMMININI‘01.14•.•■••••••■•••liess4, 	  

Activity Description 

2.  arthfill,  consolidation 2 3 133 

4.  Construction MH cover 3 5 3D 

5.  MH cover for water drainage 4 7 21 

7.  COn.i.nqp constn. MH cover 5 10 • 30:  

.  Lay,join sewer line f) 9 .  15--. -  • 

10. Continue MH' for water drninage 7. 12 30 

11. Lay, join RWP 8 13 30 

13. Continue lay,  oin sower line 9 14 15 

17.. Continue lay,join RWP.  - 13 17 • 15 



— 92 — 

wow* 

Revised Activity Description 	 I—node113—node Duration 
............P.O.......... 	 COOMM1/6ftC.4,,I,..=1,..l. ,--1.7.71 11 	TO&C• 	 ........... .,.... 

18. Continuo lay, join sewcr. line 14 15 7 
19. Testing, 	commissioning sewer 

line. 
15 18 7 

20. Test, 	commission water line 16 19 7 
21. Test, 	commission 1,11D 17 2D 7 

 

1■111■1111CINIVI PlIa.CO.StS4C111MS••••■■•■•...lare. 	 

 

0.91••■••=.11 

 

   

The network diagram is prc,:lc,nted in Fig.30 A,B. The basic 

schedule and bar chart is riven in Plate 4 and the revised 

schedule and bar chart is given in Plate 5. The number of 

nodes and activities are same. But the duration is changed to 

256 days. It can be seen from the drawing that by changing 

the duration, the critical path is also changed. In the basic 

network diagram the critical path passes through 1,2,3,4,7,8, 

13, (also 7,12,13) 17,20,21,22,23 (also 21,23) and 24. In the 

revised network the critical path passes through 1,2,3,5,6,9, 

11,16,19,21,22 ,(21,2)and 24. When the  duration is reciudeck_  
Critical activities reduced to 13 from 15. 

By using this monitoring program it beaymes easy to 

revise the schedule without much effort. 
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PLATE 4 

BASIC SCHEDULE "SCORE COMPLEX' 

     

NUMBER OF NODES = 24 
NUMBER OF ACTIVITIES : 28 
BASIC DATA FROM SCOPE COMPLEX 

    

     

	

I 	J 	0 
1.DUMMY 	 1 	2 	0 
2.FARTHF1LL, COWL. 	2 	3 164 
3.0UPIY 	 3 	4 	0 
4.CONSTN,MH.COVER 	3 5 45 
5.Mti.FOR WATER DR. 	4 	7 	30 
6,DOMMY 	 5 	6 	0 
7.CONT.CONST.MH CR 	5 	10 	46 
8.LAY,JOIN SEW.LINE 	6 	9 	16 
MUMMY 	 7 $ 0 
10.CONT.mH WATER DN. 	7 	12 	31 
11.LAY,JOIN RAP 	8 	13 	31 
12.DUMMY 	 9 	11 	0 
13,CONT.LAY,JM,SW 	9 	14 	30 
14.DUMMY 	 10 14 0 
15.LAY WATER LINES 	11 	16 	30 
16.DUMMY 	 12 	13 	0  
17.CONT.LAI,A,RWP 13 17 45 
18.COT.LAY,JN,SW. 14 15 15 
19.TEST COMM.SE0,L 	15 	18 	15 
20.TEST.COMM.4ATER L 	16 	19 	20 
21.TEST,COMM.HP 	17 20 16 
22.DUg"Y 	 18 	21 	0 
23.DUMMY 	 19 21 0  
24.DUMMY 	 20 21 0  
25.0UMMY 	 21 	22 	0 
26.SITE CLEAR 	21 	23 	15 
27.CLEAR SITE 	22 	23 	34 
28.HAND OVER 	23 	24 	7 

*************************$************************************************************************* 
ACTIVITY DESCRIPTION 	I-NODE J-NODE DURAT 	EST 	EFT 	LST 	IFI 	T.FLUAT TRADE 

*************************************************************************************************** 
1.DUMMY 	 1 	2 4 0 	0 	0 	0 * 0 * 
2,EARTHFILL,CONSOL. 	2 * 3 * 164 * 0 * 164 * 0 * 164 * 0 * 
3. DUMMY 	 3 * 	4 * 	0 * 164 * 164 * 164 * 164 * 	0 4 
4.CONSTN.MH.COVER 	3 * 5 * 45 * 164 * 209 * 165 $ 210 * 1 * 
56:14p RATER DR. 	4 * 	7 * 	30 * 164 * 194 * 164 * 194 * 	0 * 

5  t 6 * 0 * 209 * 209 * 210 * 210 * 1 $ 
7.CONT,CONST.mB CR 	5 * 	10 * 	46 * 209 1 255 * 210 * 256 * 	1 $ 
B.LAY,JOIN SEw.LINE  0 *  9 *  16 * 209 * 225 * 210 * 226 * 	1 * 
9,DUM1Y 	 7 * 8 * 0 * 194 * 194 * 194 * 194 * 0 * 
10.CONT,MH WATER ON,  7 * 	12 * 	31 * 194 c 225 * 194 * 225 * 	0 * 

 

11  :  ii; :  _;  *  11.LAY,JOIN 	 0 4 

12.-DUMMY 
13.CONT.LAY,JN,SW 	 $4,-iitr 	 256 is 14,DUMMi 

*IA11111 LINES 	11 * 	16 * 	30 * 225 * 255 * 236 * 266 * 	11 * 
16.DUMMY 	 12 * 13 * 0 * 225 * 225 * 225 * 225 * 0 $ 
17.00NT.LAY,O,R4P 	13 * 17 * 45 14 225 * 270 * 225 * 270 * 0 * 
18.CONT.LAY,JN,S4. 	14 * 15 * 15 * 255 * 270 * 256 * 271 * 	1 * 
19.TEST COMMEW.L 	15 * 	18 * 	15 * 270 $ 285 * 271 * 286 * 	1 * 
20.TEST,COMM.*ATER L 	16 * 	19 * 	20 * 255 * 275 * 266 * 286 * 	II * 
21.TEST.COPM.W 	17 * 20 * 16 * 270 * 286 * 270 * 286 * 0 * 
22.DUMMY 	 18 * 21 * 0 * 285 $ 285 * 286 * 286 * 1 * 
23.DUMMY 	 19 * 	21 * 	0 * .275 * 27.5 * 286 * 28& * 	11 $ 
24.DUMMY 	 20 * 21 * 	0 * 286 * 236 * 286 * 286 * 0 4( 

25.410Y 	 21 * 22 * 0 * 286 * 286 * 286 * 286 $ 0 4 
a6vSIT! CLEAR 	21 * 	23 * 	15 * 286 * 301 $ 305 * 32,0, 	19 $ 
27.CLEAR SITE 	22 	 23  34  28$  0  286 * 320 *  0 * 
28. 	D OVER 	23 4  24 * 	7 1.  320 * 327 * 320 * 327 * 	0 * 

$$$101****************4$4*********************************************1************************** 



REARRANGEMENT IN ASCENDING ORDER OF 
FST 

**00********************************************0*********************************************** 
ACTIVITY DESCRIPTION 	I-NODE J.NODE DURAT 	EST 	EFT 	LST 	LFT 	T.FLOAT TRADE 

1,DUMMY 	 1 * 2 $ 0 * 0 $ 0 $ 0 * 0 $ 0 $ 
LEARTFFILL,CONSOL. 	2 * 3 * 164 * 0 * 164 * 0 * 164 * 0 * 
3,DUMMY 	 3 * 	4 $ 0 * 164 * 164 * 164 * 164 * 	0 * 
4,CONSTN,MH,COVER 	3 * 5 * 45 * 164 * 209 $ 165 * 210 1 1 * 
5,MH.FOR WATER DR. 	4 * 	7 * 	30 * 164 * 194 * 164 1 194 1 	0 * 
9,DUMMY 	 7 * 8 * 0 * 194 * 194 $ 194 * 194 * 0 * 
10,CONT,MH WATER ON, 	7 * 	12 * 	31 * 194 * 225 * 194 * 225 * 	0 * 
11.LAY JOIN RWP 	8 * 	13 * 	31 * 194 * 225 * 194 1  225 * 	0 * 
6.DUMMf 	 5 * 6 * 0 * 209 * 209 * 210 * 210 * 	1 * 
7,CONT,CONST.MM CP 	5 * 	10 * 	46 * 209 * 255 * 210 * 256 * 	1 * 
8.14AY,JOIN SEVI,LINE 	6 * 	9 * 	16 * 209 * 225 * 210 * 226 * 	1 1 
12.DUMMY 
13.CONT,LAY/ 	

9 * 11 * 0 * 225 * 225 * 236 * 236 * 11 
g SW 	

* 

	

9 * 14 * 30 * 225 * 255 * 226 * 256 * 	1 * 
15,LAY WATER LINES 	11 * 	16 * 	30 * 225 * 255 * 236 * 266 * 	11 * 
16.DUMMY 	 12 * 13 * 0 * 225 * 225 * 225 * 225 * 0 * 
17.CONT,LAY I JN I 8wP 	13 * 17 * 45 * 225 * 270 * 225 * 270 * 0 * 
14.0UMMY 	 10 * 14 * 0 * 255 * 255 * 256 * 256 1 1 * 
18.CONT,LAY,JN SW. 	14 * 	15 * 	15 * 255 * 270 * 256 * 271 * 	1 * 
20,TEST,COM1.4TEP 1, 	16 * 	19 * 	20 * 255 * 275 1 266 * 286 * 	11 1  
19.TEST COMM.5E11,1i 	15 * 	18 * 	15 $ 270 * 285 * 271 * 286 * 	1 * 
21.TEST,COMM.RWP 	17 1  20 * 16 * 270 * 286 1 270 * 286 * 0 * 
23.DIIMMY 	 1q * 21 * 0 * 275 * 215 * 286 * 286 * 11 * 
22,DUMMY 	 18 * 21 * 0 * 285 $ 285 * 286 * 286 * 1 * 
24.DUMMY 	 20 * 21 * 0 * 286 * 286 * 286 1 286 * 0 * 
25.DUMMY 	 21 * 22 * 0 * 286 * 286 * 286 * 286 * 0 * 
26.SITE CLEAR 	21 * 	23 * 	15 1 286 * 301 * 305 ..* 320 $ 	19 * 
27.CLEAR SITE 	22 * 	23 * 	34 * 286 I 320 * 286 1 320 * 	0 * 
28 HAND OVER 	23 * 	24 * 	7 * 320 1  327 * 320 * 327 * 	0 * 

******************4************$ ***************************************************************** 
REVISED PROJECT DURATION= 327 



***m* **********************************0***0********4********m *004m*********$4***********m 
s,N, rIF ACTIVE ACTIVITIES 	1 	2 

*****00,0m*****I********444*********************************$$4**********$$$$********$*****1****1** 
ROCK NUMBER 	1 

I 
I 
*L 

2.EARTHFILLI CONSQL. * 
*EEEEEEEEEEEEEECEEEEMEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 
*IiIIRLILLIALLULLIRLIALLIALLI4LULLLGLULEILLIALLIAILLIJILLLIAGLEILLWALLGULIAILLLIAJ 
I 

*****$********************************************$***************************************m*******0** 

	

0 	10 	20 	. 	30 	40 	50 	60 	70 	80 
1 

S.U. OF ACTIVE ACTIVITIES 	2 
*************wc0****m***/****************************************m$Em************************** 

ROCK OMR 2 

2.EARTHFIUI CONS04. * 
*EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 
*1111141ALLLIALLL1444,41ALLLIL44LIALLILLIA4LIAJLLIALLIALLIGULLIILLLIALL4LLLWALLIALIAL 

*04 ***********************m************4*********0************$********************$************** 

	

80 	90 	100 	110 	120 	130 	140 	150 	160 
1 

1.D0RMY 



00044444444$44434444441144 	444444 444.44444444444444444444444444444444444444444444444444444444444 SA. OF ACTIVE ACTIVITIO 	2 	3 	4 	5 	9 	10 	11 	6 	1 	B 	12 	13 	15 	16 	17 o4##o$*****00(**********************f*****10****wwpmmml************************************ 
BLOCS UMBER 	3 

4*444444#444#444444444444444044440(444444444,44$0444444#444414444444444444444044444444444444444444444 
2,EARTWFILL,CONSOL. * 

*EEEE 
*CELL 

3.DOMMy 
*E 
* 

4.COmMTNA,covER * 
* 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 
* 	LLLULLIALLULLULLLLLLLIALLIALLL4L1LLLLLL1 
4 

5.Mq.FOR WATER DR, * 
$ 	EEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 
4 LLIALLULL4LLLBLULLBLLULLLLL 

MUMMY 	 4 
4 

10,COMT,RH WATER ON,4 
4 	 EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 

LLULIALLLIALLLLLULLLULLLIALL 

11.LAY4OIN RP 	4 
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 
1ILLLLLULLLULLLULLLULLLIA1,L 

6,DOmMY 

7,COIT,CONST,MH CR 	; 

4 

R.LAf,JOIN SEW,LIME 	4 

EEEEEFEEEEEEEEEEEEEEEEEEEEEEEEE 
LLLLLLLLULLLLLLLGULLLBLLLI4LL 

EEEEEEEEEEEEEEEE 
4 141,141ALLULLIaL 

12.03MMy 
* 
4 
4 

13,CONT,LAyAsw 	* 
4 EEEEEEEEEEEEEEE  

44414ILVAIAL 

1$,LAY WATER LINES 	* 
EEEEEEEEEEEEEEE 

[41,1,1, 

16.DU MY 
4 
4 

17,OONT,LAY0714,R$T 	* 
$ EEEEEEEEEEEEEEE 
* 4UblitiLLUILW 
; 

*************** ; ************************ ***** *** 4####44 	#444444#4#44414 4414 
160 170 	180 190 200 210 	220 .230, 	'.240 



S,N. OF ACTIVE ACTIVITIES 	1 	13 	15 	17 	14 	18 	20 	10 	21 	23 	22 	24 	25 	26 	27" 

BLOCS NUMBER 	4 

7.CONT,CONST,MEI CR * 
*EFEEEEEEEEF,EEE 
*L

E
LLLILLILLILLILL 

13.CONT,LAYdN,SW $ 
*EEEEEEEEEEEEEEE 
*LLLLLILLLL1ILLLL 

$EEEEEEEREEEEEEE 
*IILLLLIILLLLLLLLL141,LLLLLU 

*EEEEEEEEEEEHEEEEEFEEEEEEEEEEE 
*1414LILLLILLLLLILL141,1,141,1,LLLLLL1, 

14,DUMMy 

19.CONT,LAY,JN/Sh, $ 
EEEEEEEEEEEEEEE 

LLI,LLLLLI,LLIILL 

20,TEST,CN 	T ,R L* 

	

$ 	 EEEEEEEEEEEEEEEEEEEE 
LLLLLILLLILLLLLLLLLL 

19,TEST COMM,SELL 
EEEEEEEEEEEEEEE 

LLLI,I,LL,LLLLL'uL 

21,TEST,COMM,RWR 
EEEEEEEEEEEEEEEE 
LLLLIILLLLIALLLL 

234ummy 

22,DUMMY 	4 
4 
4 
4 

24NMMY 
3 
3  

25.DUMMY 
3 

26,SITE CLEAR 

L 

EEEEEEEEEEEEEEE 
L&LLLLLLLGLL1,LL 

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE 

	

* 	 LLULLULLLLIILLLLLLLLIALLLIJLLILL 

4444104$444 	*** * *****40444444444444$4444444$4444****44 	44$4444440404$441444444;44;4444$44;4 

	

240 	' 250 	260 	270 	290 	290 ' 	300 	310 	' 	320 

15:LAY WATER LINE 

17,co1ii,LAY 0IN , RWP 

27,CLEAR SITE 



NUAIIER OF NODES :24 
WO OF ACTIVITIES :28 

BASIC 	DATA 	FROA 	SCOFF 	COMPLEX 

I 	,) 	D 
1,DUMAY 	1 	2 	' 	0 
2,EARTIFI44,C01504. 	2 	3 	164 
31UPY 	3 	4 	0 
4,CONSTN,IH,COIER 	3 	5 	45 
5,AH.F1 VATER OR, 	4 	7 	30 
6. D[ 	 5 	6 	0 
7.CONT.CO11STOH CR 	5 	10 	46 
8,LAY,OIN SEW,L/NE 	6 	9 	

10 0 
	JOIN 
	7 	8  

10.COIT,AH WATER DN. 	7 	12 	31 
11.LAYfaIN RWP 	8 	13 	31 
12.DONAY 	9 	11 	0 
ILCOT,LAY.A,SV 	9 	14 	30 
14.DAMAY 	10 	14 	0 
15.LAY WATER LINES 	11 	16 	30 
16.DUAq 	12 	13 	0 
11.CONI,LAY,AHWP 	13 	17 	45 
8.C1N1414AYIJN,S4, 	14 	IS 	IS 
i9,TEST C0111,SEw.L 	15 	18 	15 
2D.TEST.COMMoATER 4 	16 	19 	24 
21.TEST,COAP,R0 	17 	20 	ID 
22.DUMAY 	18 	21 	0 
23.D04MY 	19 	21 	0 
240NANY 	20 	21 	0 
25.0UMMY 	21 	22 	0 
26.5ITE CLEAR 	21 	23 	15 
27.CLEAR SITE 	22 	23 	34 
28.HAND OVER 	23 	24 	7 

PLATE 5 

REVISED SCHEDULE 'SCOPE COMPLEX' 

6 

THE QUANTITIES 'ARITTEN BELOW ARE CHANGED DATA 

2 	2 	3 	133 
4 	3 	5 	30 
5 	4 	7 	21 
7 	5 	10 	30 

1G 	7 	12 	30 
11 	1 	HI 
13 	9 	14 	15 
17 	1-1-- 	17- 	-16- 

14 15 	1 	7 
19 	15 	18

5  
	7 

2.) 	16 	19 	7 
21 	17 	20 	7 

	

24 	28 	13 	D 	0 

	

6 	9 	1. 

3 

5 



Page 2 

NUrBER OF NODES  24 
NUMBER OF ACTIVITIES 	28 

REVISED  DATA  FROM  SCOPE 

I 

COMPLEX 

d  D 
1.DUINY 1 2 0 
2.EARTHrILL,C0N5a. 2 3 133 
3.Dum0y 3 4 0 
4.CONSTNOH.COVER 3 5 30 
5,WH.FOR WATER DR. 4 7 21 
6.D0rMY 5 6 0 
7.CONT.CONST.MH CR 5 10  30 
B.LAY,JOIM sFII.LINE 6 9 15 
q.DUI'MY 7 n u 
10.roNT,4 MATER DN, 7 12 30 
11.LAY,JOIN ROP 8 13 30 
12.DUmn 9 11 0 
11.CONT.LAY,JN,SV 9 14 15 
14.[Mmy 10 14 0 
15.LAY WATER LINES 11 16 30 
16.DURMY 12 13 0 
17.COHT,LAY,A,RwP 13 17 15 
18.CoNT.LAY0IN,SW. 14 15 7 
19.IEST COMM.S,NL 15 18 7 
20.MT,COMCATER L 16 19 7 
21.IFST,C0IR,R0 17 20 7 
22.DUmMY 18 21 0 
23.DUMMY 19 21 0 
24.0UMmy 20 21 0 
25.OUMWY 21 22 0 
26.SITC CLEAR 21 23 15 
27.CLEAR SITE 22 23 34 
28.HAND OVER 23 24 7 



Page 3 

044$*304****00*************# 	***********4##4************************************/ 	* 

***4****0********************************************************************************* 0:31.. V:uu]iy:TscRtPriow 1-071)E J.NODE DIIRAT EST 	EFT 	1ST 	LET MOAT TRADE  

2,DRTHFILL,CONSOL. 	2 * 	3 * 133 , * 	0 * 133 * 	0 * 133 * 	0 4 
3 $ 4 * 	* 133 * 133 * 142 $ 142 * 9  I 

1* 2* 	* 0* 0* 0* 0* a * 

4.CON8IN.MK,COVER 	3 * 5 * 30  * 133  * 163 * 133 * 163 * 0 * 
5.08.FOR oATER DR, 	4 * 	7 * 	21 $ 133 * 154 $ 142 * 163 * 	9 * 
1.0041Y 	 5 * 6 * 0 $ 163 * 163 * 163 * 163 $ 0 * 
7.CONI,CD05I,MH CR 	5  4 	10 * 	30 * 16 3  4  193 $ 171 * 201 $ 	8 4 
8,LAY,JOI1 SEW,L1NE 	6 * 	9 * 	15 1 163 $ 178 4 163 * 178 * 	9 * 
9.PU10Y 	 7 * 8 * 0 * 154 * 154 4 163 * 163 * 9 * 
13,C11T,0H 'W0 ER ON, 	7 * 	12 * 	30 4 154 * 184 * 163 * 193 * 	9 

8 i; 13 * 30 * 154 * 184 * 163 * 193 * 9 ! 11.14,J0P; RwP 
12.3040! 	 17J. * 05 * 178 $ 178 t 0 4 
13.CMITtrA4fa(Sg 	9 4  ii : 15 : 1/b * 193 4 185 * 201 * 8 4 
14.00431 	 10 * 14 * 0 * 193 * 193 * 201 * 201 * 8 * 
15.100 kATE3R LINES 	11 * 	16 * 	3 0  $ 178  * 208 $ 178 * 200 * 	,0 t 
16,01WY 	 12 * 13 * u * 184 * 184 * 193 $ 193 * 9 4 
17.CONS.LAY,L1N,RWP 	13 4  17 0  15 0  184 * 199 4 193 * 203 * 9 $ 
10,CONT,LALJN,S, 	14 * 15 4 7 * 193 4 200 * 201 * 209 * 8 * 
19,06ST COO,SEW,L 	15 * 	18 / 	7 * 200 4 207 * 208 C 215 * 	8 * 
21,TEST.CONN,1qTER L 	15 * 	19 * 	7 * 208 8  215 * 208 * 215 * 	0 * 
21.100.100.842 	17 * 20 *' 7 * 199 * 206 1  209 * 216 * 9 * 

18 * 21 9 0 9 207 9 207 9 215 4 215 * 8 * 
P311,11.  
24,01,188Y 	

19 t 21 4 0 9 215 ; 215 ; 215 / 215 4 0 * 
20  0 21 4 9 4 2n5 * 255 $ 215 * 215 * 9 $ 
21 0  22 * u $ 215 * 215 * 215 8 215 * 0 1 25.34,94 

26.SI1E CLEAR 	71 * 	23 * 	15 0 215 * 23 	4  234 * 249 * 	19 * 
27.CLEA8  SITE 	22 * 	23 * 	34 4 205 * 249 * 215 9 249 4 	0 * 
29.0%) OVER 	23 * 	24 * 	7 * 249 * 255 4 249 4 256 8 	0 t 

**********************4 	**************************0****************/**** *** 
REAFRANUNERT Ill ASCENDlq ORDER OF 
Er 

***********************************************/****************************t**** 

	

ACTIVITY DESCRIPTION 	I-NODE J-,NODE GOAT 	EST 	EFT 	1ST 	LFI 	7 
****************************************4**************************************** 

1,91883 	 1 ; 2 $ 9 * 	0 $ 0$ 0 $ 0 * 0 
2,EARTHFIL4,C0:8014. 	2 * 3 * 133 * 	0 4 133 * 0 * 133 * 0 * 
3,10MY 	3 * 	4 * 0 * 133 * 133 * 142 * 142 * 9 * 
4.CON5TN,0H,C07ER 	3 * 5 4 39 * 133 * 163 * 133 * 163 * 0 
5.1H,FOR WATER DR. 	4 * 	7 * 	71 $ 133 * 154 * 142 * 163 * 	9 * 
0 ,00MNY 	 7 * 	B * 	C , 4 154 * 154 * 153 * 163 * 	9 $ 
19,CONT,Y8 WATER 00, 	7 * 	12 * 	30 * 154 * 084 * 153 $ 193 * 	9 * 
11.L AY JOIN flifp 8 * 	13 * 	30 * 154 4  164 * 163 * 193 #9 * 
6,DUM4 	 5 * 5 * 0 * 163 * 163 1  163 * 163 $ 0 * 

	

0  T.00N5T NH CR 	5 * 	10 * 	30 * 163 * 193 4 171 4 201 4 	P # 

	

OW IIVtag 	6 * 	9 * 15 * 161 * 170 * 163 * 178 * 	0 * 
12,DUMMI 	 9 * ii ; 	: 17 8 44  178 * 178 * 179 8 	0 9 
13.CONT,TALJN,S8 	9 * '14 	 106 * 201 * 8 * 
15,1kIt WATER LEWES 	11 $ 	16 * 	30 * 178 * 2 	1.74:4 401_ * 	0 9 
16,001002 	 12 * 	13 * 	0 * 184 * 184 	193 * 193' I  
17.MIT,M,A,RWP 	13 * 17 * 15 * 84 * 199 	193 * 209 * 9 * 
14,90112 	10 * 14 * J * 193 * 193 	201 * 201 * 8 * 
18,039T.LAY,ON 5N, 	14 $ 15 4  7 4 193 * 200 	201 * 208 * 8 4 
21,TEST.CONM.RiP 	17 * 20 * 7 4 199 * 206 	208 * 215 * 9 $ 
19,IEST COMN,SEW,L 	15 0 	19 * 	7 4 200 * 207 	208 * 215 * 	a * 

24.0889Y 	 20 4  21 * 0 * 209 8  206 	215 * 215 * 9 * 
2200MMY 	 38 * 21 * 0 ; 207 * 20 	215 * 215 * 8 *  
20.IEST,COMM.WATER t 	16 * 	19 * 	7 * 209 4 215 	208 1(  215 * 	0 ; 

25;080NY 	21 * 22 * 0 8 215 * 215 	215 * 215 * 0 * 
19 * 21 4  0 * 215 4  215 	15 1  215 * 4 * 23,08891 

26.5I7E CLEAR 	21 8 	23 * 	15 $ 715 * 230 	234 * 249 * 	19 * 
27.CLEAR SITE 	22 * 	23 $ 	34 $ 715 * 249 	215 * 249 * 	0 * 
20,1AID NER 	23 * 24 * 	7 * 249 l' 255 	*4 :4144: 	

0 4 
**;*****************444**************** 	* ******t***** 
REVISED PROZFCT DURAIlm: 256 

***999**** *4 
00T TRADE 
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0*** ********************40m************************************************************0#4******* 
$,i4. OF ACTIVE ACTIVITIES 	1 	2 

#44**************************************************************44(***********************************4 
BLOCK NOrBER 	1 

*************#****************************************************************************************** 
1.0UgflY 

*L 
* 

2.EARTHFILLI CONSOL. * 
*EEEKEEEEEEFEEEEEEEEEEEEEEEFEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEFEEEEEEEEEEE 
*LLLDIALLIALLIALLLLLUALLIALLMIAILLGULLIALLUILLULLULLLULLLULLIALLIALLIALL 
• * 

*******************4*******/*************m******#**************************************44************* 
0 	10 	20 	30 	40 	50. 	60 	10 	90 

1 *****************************************************************************************4************** 
5,N. OF ACTIVE ACTIVITIES 	2 	3 	4 	5 	9 	10 	11 

******************************************************************************************************** 
BLOCK NUMBER 	2 

******************************************************************************************************** 
2.EARTHFILLI CON$OL. * 

*EEEEEEEFEEKEEEEEEEEEEEEEFEEEEEEEEEFEEEEEEEEEEEEEEEEEE 
*LLLIILLLULLLIALILLLULLLIALLULLULLLLGLLIALLIALLLIL 
* 

LOWY 

4.CONSTMECOVER * 

* 
5.MH.FOR WATER DP. 

* 
* 
* 

9.DUMmY 

* 
10,cONT,M WATER DV.* 

EEEEEE 
* 
* 

11.LAY I JOIN 90 	* 
EEEEEE 

** *******4**MOTOTTTTO  TO I-  1144*** 004. 44 00 

	

RU 	90 	100 	110 	120 

EEEEEEEEEEEEEEEFEEEEEEEEEEE 
WALLIALLIAJULLLEULLWAILL 

EEEEEEEEEEEEEEEEEEEEE 
LLULLLULLLLIALLL 

130 
000 Ulf 
140 	1$0 



1 ******************$***************************** 
S.. OF ACTIVE ACTIVITIES 	4 	5 	9 	10 	11 	6 	7 

21 • 19 DF 24 	22 	20 

	

ACTIn ACTIVITIES 23 2S 26 27. 
	**WM* 	* 	4 

4140C* WREN 	3 
*************;*************1*********/*/*******************************************/$$******************  

4,C7STN,MH,C0VER 
;EEE 
ILLL 

5,Mil,FOR WATER 39, * 

*ILL 

4 L 

14,C01,14 'HATER, DN.* 
$EEEEEEEEEEFEEErEEEEEE9EE 
/ LLLILLLLIALLULLULLULLIJULL 
*, 

11.LAY,J0ih RA' 
MEEEEEEEEEEEEEEEEEFFEEE 

LLULLIALLLLILULLLGULLL LL 

6.0mM 
* E 
/ L 

7.COV.CONST,MH CR 

* 

8.LA1',JOIN SEMINE 
$ 99EEEEEEEEEEEEE 

LLLIALLULLLIAL 

12, OR 

4 

13,14,6AT,Jr,5li * 
EEEEEEEEELEEEEE 

LULL4LLULLL4L 

15,GAT 'ATER LINES ; . EETZEIZEUMEEMEEEEEEE9EEE 
* 	 EaLLIALLULLGULLIALLULLULL 

161991T• 

*******$********************/* 
13 	15 	16 	17 	14 	18 

EEeEEEE!EEEEEEEEUEEEEEFEFEEEE 
LLLLLbLLLLLLGLLLLLLLLLLLLLLLLL 
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17.CONT.LAY,A,R0 * EEEEEELEEEEEEEE 
ULLLLLIILLILLL 

4 

14,DUMMY 
L 

*. 
19.CONT.LAY,JNIp. * EEEEEEE 

LLULLL 

21.TEST.COMM,RWP 	* 

	

* 	 EEEEEEE 
LLLLLLL 

19.TEST COMK.SU. 	* EEEEEEE 
LLUILLL 

24.DUmmy 

22,DUMMY 

20,TEST,CoMM,NAT'R L* EEEEEEE 
=JUL 

I 

23.01MY 
* 

25.DIPAY 

26,SITE CLEAR EMEEEEEEEEEEE 
LIALLL 

I 

27 CL AR SITE 

 

4  
lEEFEEEEEEEEEEEEEEEEEEEEE 

	

I 	 LLLULLULLULLLULLALL 

****************************************************************************************************** 

	

160 	170 	Isa 	1,0 	200 	210 	220 	230 	240 

S.N. or ACTIVE ACTIVITIES 	26 	27 	29 ******************************************************************************************************** 
BLOCK !AMER 	4 

*********************************************************************************************4**********  

26.SITE CLEAR 
ILLLULLLI ,  
* 

27.CLEAR SITE *EEEEEEEEE 
*LLULLIII 

EEEEEEE 

	

* 	MULL 	 ^ VA 

* 
#440000###***0********"0";*0****#*********4040000 4#11410#PW***#4414###****#0*# 

** 

	

24) 	250 	260 	270 	290 	290 	300 	310 	320 

29,HANO OVER 
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6.5 CONCLUSION 

By using the management techniques both the plojects 

had benefits. Zerox complex was successfully completed in 

time. It was through frequent monitoring and taking corrective 

measures at the correct time. In scope complex eventhough 

there was some lagging it is also about to complete. By using 

these techniques the critical path was found out and more 

importance was given on that activities Which were lying in 

critical path. Since requirement of men, materials, money and 

machinery were calculated bore hand delays were minimised. 

The use of computer in the Scope complex reduced the manual 

labour in preparing the schedule. The progress reports and 

bar charts were found very useful in deciding the status of 

the project. 

From this it can be concluded that in any project, 

themanagement _techniques can be used beneficially. It will 

become economical and work cin be '-Carried-out-as-per -,_schedule 

with optimum resources and within required time. 
 • 
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CHAPTER-7 

CONCLUSION AND DISCUSSIONS 

In the previous chapters the author has tried to 

explain the different asp,cts of network scheduling and 

monitoring. Two different types of network techniques i.e., 

CPM and precedence have been taken into account. 

Each of the techniques has got its own significance. 

If the network is examined, we 

precedence network CPM network 

also in drawing. One thing is 

drawn for a project we have to 

when compared with precedence. 

can see that when compared with 

is very simple in logic and 

that if CPM network is t be 

prepare more drawings for that 

In precedence network 

different lag times arc shown in the drawing itself. If one 

work can be started as soon as the precedent work is started 

or it can be finished before the precedent work is finished, 

these type of relationships are clearly shown in precedence 

netaork-  using -  lag-factorse_iln:_CPW.network.if this type of 

relationship is to be shown, the activity should be split.into 

different sections and dummies are to be introduced properly. 

If one 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 complex is about to be complebd. This gives us 

the information that in a Ceveloping country like India also 

we can use these typo of techniques beneficially. 



— 95 — 

Some time back people were doubtful about the use 

of management techniques in India. They thought that 

these modern techniques have n,'.h3ng 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 

slippage was found out and corrective measures were 

taken. This helped In reducing extra cost, time, 

labour etc. 

Financial benefit. 

Since requirement of men, materials, money,_ machinery 

etc. can be calculated beaialt-id;--es7rayt—zwdYt 

minimised. 

.Since strict control is applied, any deviation from 

the,..scheq4le can be noticed quickly. 

Sihce the'activities are divided into different_ 

sections according to physical segregation, work 

can be done easily. The cycles or chains used for 

repeated 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 they have 

oven 	introduced computer 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 mwli.toring stage those schedules and outputs were 

revised. Since it- is the work - df computer it needs- only-a-- 

little time when compared with manual work. 

In the Zerox complex, if we go through the reports 

we can see that in May '84 the concreting was lagging behind 

by MO 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 sets of 

shutterings, M/s Unitech could maintain a 85 day cycLe for 
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casting of folded plates. Like this, corrective measures 

can be. taken if there is a plan and constant watch is there 

on the work. 

Eventhough substantial progress had been made in 

construction, of brickwalls consulting Engineers had cautioned 

that additional masons should be deployed to maintain pace 

and meet the targets for the following weeks. 

Since there are preplans a t each stage, there is 

clear idea of what is to be done and when. If some of the 

details of a particular item of work are not yet finalised, 

it can be done when preceding vork is in progress. 

The progress reports are found to be very useful in the 

monitoring stage. Any slippage in 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 above study it can be concluded that the use 

of management te&rniques in canstaaction project is unavoidable 

for efficient and timely completion of the project. In terms 

of money and time it helps the user in different ways. So if 

we have to finish the work in time .and• ecanomicafly, the answer 

is to adopt any of the managarent techniques, which is convenient 

to the user. If computer is accessible it will further improve 

the efficiency and save time, because big projects contain the 

hundreds of activities and large amount of cakNlations: 
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CHAPTER-8 

. SCOPE FOR FUTURE WORK 

In the monitoring part of the program the changes of 

durations, nodes, additions, and deletions are considered. 

These are concerned with the time monitoring of the project. 

Cost monitoring and resource 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 scope for future 

work. Resource levelling and crashing of network are other 

facets where emphasis can be given. By crashing the activi-

ties, the optimum cost can be found out. At one point 

the total cost becomes minimum. After that point again the 
total cost increases. So the point at which the total cost 
is minimum is the optimum duration of the project. In the 
monito-rin prOgrati if-  th-a -random node 	 used, 
it will be useful to change the node numbers. If some node 

numbers are changed in between, any number can be given to 

those nodes, if random node numbering program is used. 

Otherwise all the node numbers should` be chAhged. 
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